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FRCFACC 

This is a verbatim tr?r).~c:ript of the Annual Battery 

Workshop held at Gocidard Space Flight Center, November 

19-20, prepared by Ace-Federal Reporters of Washington, D.C. 

The material covered at the workshop includes a discussion 

of the low cost/standardization program, test and flight 

experience, storage experience and manufacturing improve- 

ments, materials and cell components, analysis and new 

developments in t.he Ni/H2 system. The meeting was attend- 

c2 by cell and battery manufacturers, users and icterest- 

ed government personnel. A list of attendees appears 

in Appendix A. 
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I INTRODUCTION: G. HALPERT/GSFC 

Each year we take another stride forward toward our 
objective of improving reliability of the nickel-cadmium 
cell. Our aim may be directed at the aerospace applica- 
tion but our interest is improvement for every applica- 
tion, including calculators. 

o achieve these goals requires communication between 
manufacturers, users, and government personnel. We be- 
lieve that the success that has been achieved is due to 
you, the audience, who has actively participated through 
your presentations, questions, and comments during our 
past workshops. 

The program for this, the sixth annual workshop, in- 
cludes .q discussion of the new, low-cost standardization 
approach to cells and batteries. This short disccssion 
wili bc followed by testing and analysis and other improve- 
ments of the cells, and will be ropped off by some dis- 
cussion of new developments in nickel-hydrogen. 

We hope that this workshop will be another step fcr- 
ward toward our improvement. 

Now, without further ado, I would like to introduce 
this morning's speaker. To kick off this workshop meeting 
today ws have with us William H. Wo~dward, the Director of 
the Space Propulsion and Power Division, Office of A s t r t s -  
nautics and Space Technology. Bill has been associated w i t h  
the space business for some time, since he joined NACA i n  
1943. He continued in aerospace when NACA became NASA i~ 
1958, and has been associated with space power since 1961. 

Bill is here today to give us an insight into NASA's 
role in battery development, and to look into his crystal 
ball and tell us what. the f1rtl.ire holds. We have asked hin! 
to provide the activation energy necessary to get chis 
workshop off to a thermody~mically f lvorable star!.. 

I am pleased to present William Ii. Woodward. 



I1 NASA's ROLE AND OBJECTIVES: W. H. WOODWARD/NASA-HQ 

WOODWARD: O.K. 

With that kind of an introduction, I don't quite know 
how to start. The right thermal environment is hot air, 
perhaps. I've got lots of that. 

I'm a little shocked at how long I've been around this 
business, but I find myself in the unenviable position of 
speaking on a topic to a bunch of experts that I don't know 
very much about, so let me proceed. I don't think you need 
much activation but maybe a small prod in orle or two direc- 
tions, and then we will proceed. 

Also, let me add on behalf of NASA Headquarters a 
welcome to you to this annual workshop. We appreciate 
your making your time available and we hope that you will 
find the time well spent. For our part, the fact that we 
keep holding these meetings each year is the best evidence 
of their value to us. And in addition, I'm assured that 
the progress made over the years in the quality and per- 
formance of rechargeable space batteries is due in some 
part to meetings such as this. 

Of course, sitting in my downtown office and looking 
at son:e of the reports and receiving an occasi.ona1 briefing 
from Chi-~CK McKenzic and so forth, I don't find the rate of 
progress to be exceptionally high. No Tcubt that is be- 
cause I don't appreciate all the detailed efforts that must 
be exerted in each task to make it successful. 

Ee that as it may, I get the impression that I've 
heard about separators, seals, operational lab quality con- 
trol problems for as long as I've been associated with the 
batt~ry program, and that rJoes back to 1961. It is almost 
as though such problems arc a virus, momentarily and just 
barely urdcr control, but ready tc mutate into a new and 
a virul.ect strain at an arnbarressing moment. And for my 
own sake, I just wish that we would be able to rectify 
this situation. 



I've been looking for reasons as t a  why this situation 
exists, assuming that my impressions a? ? correct, and I find 
that one, perhaps the outstanding reasc.1, is the historical 
precedent. 

There were so many crises at the beginning of the 
space age that firefighting has become a way of life in 
battery RLD, with little effort left over for agency-wide 
long-range planning. That's the reason there was a little 
in-house get-together yesterday afternoon to see whether 
we could step back from the day-to-day problems a bit and 
focus on some longer-range goals. 

I hope and trust that t,his workshop would be able to 
give adequate attention to this subject. 

Of particular importance in this regard is the future 
of the ni-cad program. I understand that nickel-hydrogen 
and silver-hydrogen cells are becoming fashionable sys- 
tems to work on.  side from the fact that we haven't the 
resources to support everyone working on the same systems, 
I must ask the question, perhaps somewhat plaintively, 
what's wrong with the ni-cads? After all, we have years 
and millions of dollars of hard-won experience with them. 
In addition, they probably will continue to be the work- 
horse space battery for many years, and are finding their 
way into the planetary program. 

Finally, advances in ni-cad technology presumably will 
easily find their wcy into the ground systems such as the 
computers as we heard earlier. 

I submit to you that it may be worth our while to con- 
sider ni-cads from a long-range, non-crisis point of view 
before hcrrying on to the next green pasture. 

I mentioned the word "resources," near and dear to 
every R&D gentleman. And I must admit part 3f the reason 
for the slow progress that I'm unhappy about must be the 
rapid decl~ne of the available funding from perhaps six 
million in the OASD program at the height of our glory to 
the current one and a half million per fiscal year for 
electrochemical R6D contracts and grants. Realistically, 
I cannot promise an increase. In fact, I will have to say 



t h a t  a l l  o u r  p r o g r a m  are c o n r t a n t l y  be ing  sc reened  for 
p o s s i b l e  c u t s .  

Unfo r tuna te ly ,  I must a l a o  c o n f e s s  t h a t  I and t h e  
peop le  around m e  a r e  running  o u t  o f  i d e a s  -- begging your  
pardon,  M r .  Cohn. -- f o r  j u s t i f y i n g  o u r  b a t t e r y  program. 
On one hand, n o t  many s p a c e c r a f t  f a i l u r e s  c a n  be a t t r i -  
bu ted  t o  b a t t e r i e s .  On t h e  o t h e r ,  b a t t e r i e s  a r e  n o t  the 
l i m i t i n g  technology f o r  f u t u r e  mi s s ions  and it is v e r y  
d i f f i c u l t  t o  q u a n t i f y  t h e  b e n e f i t s  of improved performance 
i n  b a t t e r i e s .  W e  bad ly  need a b e t t e r  j u s t i f i c a t i o n  f c r  o u r  
b a t t e r y  program; o the rwi se ,  I f e a r  t h a t  o u r  budgets  w i l l  
c o n t i n u e  to  s h r i n k  a s  t h e  c o m p e t i t i v e  p r e s s u r e  f o r  o t h e r  
r e s e a r c h  a r e a s  becomes more i n t e n s e .  

Perhaps t h i s  is r i g h t  and p rope r .  Maybe w c  have 
reached t h e  happy p o i n t  and t h e  b a t t e r i e s  a r e  abou t  good 
enough, b u t  w e  should  n o t  p e m t i t  it to  occu r  w i t h o u t  pro- 
p e r  a n a l y s i s  and argument. Any h e l p  t h a t  you can  g i v e  u s  
i n  t h i s  r e g a r d  w i l l  b e  a p p r e c i a t e d .  

F r n a l l y ,  to  n o t  be  misunders tood,  when I emphasize t h e  
n i -cads  I d i d  n o t  xean t o  s a y  t h a t  w e  should  n o t  bo lookinq  
a t  h i g h e r  performance systems such a s  the s i l ve r -hy ' l rogen  
o r  t h e  nickel-hydrogen. I ' m  t r y i n g  t o  say t h a t  we mst 
keep a ba l ance  i n  o u r  program and b e f o r e  w e  d i s c a r d  some- 
t h i n g  l i k e  t h e  ni-cad system I t h i n k  w e  shou ld  b e  satis- 
f i e d  t h a t  it indeed makes a g r e a t  d e a l  o f  s e n s e  and is n o t  
j u s t  f o r  c u r r e n t  f ashior,.  

With t h e s e  few and s h o r t  words,  and I d o n ' t  know how 
much i n c e n t i v e  I ' v e  managed to  i n s e r t ,  now Let mc wish you 
a n  i n t e r e s t i n g  and s u c c e s s f u l  t i m e  a t  t h i s  workshop. 

Thank you. 

HALPERT: ?'!lank you, L i  11. 

B i l l  s a i d  he  would e n t e r t a i n  5o;r.e m e s t i o n s  from t:hc 
f l o o r  i f  t h e r e  were any w i t h  r ega rd  t o  h i s  comments. Dozs 
anybody want t o  t a k e  a chance? 

(No response .  1 

Thank you ,  b i l l .  



LOW COST STANDARDIZATION PROGfiAEl 

With that wr3 will move on intcj our next part of the 
meeting which is kind of an introduction to the new l n w -  
cost standardization approach. We will have kind of a 
brief, three-phase discussion. 

Tom Hennigan will bring us up to date on the back- 
ground of the low-cost program. Flov-3 Ford will discuss 
the present situation in the ad hoc iommittce and where wt? -- 
are going, and I'll try and talk about the new cell or the 
cell standardization objectives and approach that we are 
interested in. 

111.1 BACKGROUND: T. HENNIGAN/GSFC 

HENNIGAM: In May of 1972, Dr. Low of NASA, who is 
Deputy Administrator, initiated a program to reduce the 
cost of spacecraft. This included a cost reducti~ nf 
component subsystems and total system and test and evalua- 
tion associated with the spacecraft; reduction of cost of 
documentation was also a goal. 

Lewis Research Center was also given the responsihi- 
lity of organizing a power working panel for s~lar battery 
'>:ld power conditioning committees to determine methods to 
achieve cost reduction. 

Goddard was given the responsibility for the battery 
work. A co~nmittee was formed with the following people: 
Trout of Johnson, Paschal of Marshall, Kraus, formerly of 
JPL, Rene of Langley, Miller, Wright-Patterson, Billerbeck 
of Comsat, and Bill Webster and myself from Goddard. 

The first task was to set up a catalog of i L 1  typs of 
batteries flown on spacecraft. This would include the 
design of the cells of batteries, how the batteries wer!? 
used, and the cost in particular, a breakdown of recurring 
and non-recurring costs, costs of testing, desiqn, manage- 
ment and so forth. 

This type of cost breakdown was very difficult to get. 



It was decided that the catalog would not be useful for the 
purpose of determining and reducing the cost of spacecraft. 

A second task was to report to the power working panel 
a best estimate of cells of battery sizes required, based 
on the NASA mission model and some Air Force requirements; 
in other words, should standard cell sizes be recommended 
for the pre-shuttle and post-shuttle periods. 

A study was made by Bill Webster of Goddard tc deter- 
mine the ampere hour sizes of nickel-cadmium cells that 
had been used in quantity. 

May I have the first slide? 

On this slide the results of the survey are shown. It 
covered 120 spacecraft and about 20,000 cells. As you can 
see, the 6, 12, and 20 sizes were used extensively. 

The 4-1/2 ampere hour size is a cylindrical cell used 
primarily on Nimbus and was not considered to be a standard 
size. 

14ay I have the next slide, please? 

Now based on this, in the nickel-cadmium area we would 
have nominal or standard sizes of 6, 20, 50, and 100. 
These would expand in height only or decrease in height to 
get -- like for a 6, to get a 3 to 8, so your footprint 
would always remain the same. And say for the 20, 50, and 
you could go up 20 120 ampere hours. 

We did recommend some types of designs: for the small 
size, the box, which has been used a lot for small cells, 
or the fin, like on SMS; and again on the 20, a nominal 
size of box or truss-type. The OGO is a truss-type 
battery. 

Then for the S o t s  we went to a module size and for the 
100 we used the four-cell module designed by G r m a n  for 



t h e  space  s t a t i o n .  

For t h e  si lver-cadmium t h e s e  f o u r  s i z e s  have been 
flown: 3 ,  5 ,  1 0 ,  and 16. And it d i d n ' t  seem l i k e  t h e r e  
was going  t o  be  much use  f o r  any s i z e s  l a r g e r  t h a n  t h a t ,  
and 1 0  would probably  be  t h e  most popular  s i z e  f o r  t h e  n e x t  
f e w  y e a r s .  

The encapsu la t ed  d e s i g n  was adequate .  

For s i l v e r - z i n c ,  it h a s  such a  l i m i t e d  u s e  t h a t  it d i d  
no t  seem worthwhile  t o  go  i n t o  a  s t a n d a r d  des ign .  

For s m a l l  s i z e s ,  a t  l e a s t  less t h a n  16 ampere h o u r s ,  
we could  u s e  t h e  encapsu la t ed  d e s i g n ,  t h e  same a s  t h e  
silver-cadrcium. 

Then a f t e r  t h e  s t u d y ,  it was r e q u i r e d  t h a t  w e  come up 
w i t h  some d e s i g n s  f o r  t h e   re-shuttle range  and w e  k ind  o f  
d i d  away w i t h  t h e  up and down, o r  t h e  h e i g h t  of t h e  b a t t e r y  
and went t o  f o u r  s i z e s .  These f o u r  s i z e s  would f u r n i s h  t h e  
cel ls  t h a t  w e  need from 1980 because  t h e  h i g h e s t  power 
range for iJT\S?% w i l l  be two : : i lowat ts .  I n  the 1980's they  
are Eorr~cast incj  acme l a r g e  o2es of 1 0  to  2 5  : : i l owa t t s ,  b u t  
w e  d o n ' t  know i f  t h e y  a r e  going t o  go. 

So t h e  s i z e s  t h a t  w e  p icked  w e r e  6 ,  1 2 ,  20, and 50, 
t h e  l a t t e r  be ing  o p t i o n a l .  

I t h i n k  Floyd Ford has  more to  say  about  t h e s e  s i z e s  
i n  h i s  t a l k .  

Thank you. 

111.2 ORGANIZATION P1;D G G A L S  : F . FOI?D/GSFC 

FORD: Thank you. 

My name i s  Floyd Ford .  I: would like t o  give you a 
sununary, more o r  l e s s  a d e b r i e f i n g  on t h e  currerlt status 
of  t h e  low-cost  e f f o r t ,  p a r t i c u l a r l y  r e l a t e d  t o  o u r  t h r u s t  
i n  low-cost  b a t t e r i e s .  



(Slide 3 . )  

After the conclusion of the study that Tom talked 
about, with certain recommendations, the Low Cost Systems 
Office at NASA Headquarters was somewhat reorganized and as 
its present status it has a Low Cost Systems Office with 
four major standard equipment panels. 

The equipment panels are represented by NASA people 
from the various centers and by Air Force people, at least 
on some of the panels. 

I would like to draw your attention particularly to 
the power equipment panel which at this time is represented 
by NASA people only. But under the power equipment panel 
they have established three -- ad hoc teams, one for power 
processing, one for solar cells, and the third one for 
batteries. 

The purpose of theee teams is to advise and to consult 
with the power equipment panel on what work needs to be 
done and more specifically, how to achieve the goals of 
reducing the cost on spacecraft batteries. 

(Slide 4.) 

The objective, obviously, is to reduce the cost qf 
spacecraft batteries, which is only one of the many c a- 
ponents of the spacecraft. But to save millions of dol- 
lars, you have to learn how to save dollars, and that's 
where we're starting that here today, is learning how to 
save a few dollars a day, add on to that tomorrow, and then 
ultimately reduce the over-all cost of a subsystem. 

Now the goal is to adopt a standard family of nickel- 
cadmium cells. We have chosen the 6, 12, 20 and So's, and 
I think the previous discussion gave you an idea of why ve 
have selected those to standardize on. 

From that establishing of standard cells we will pro- 
ceed to establish standard battery packages for that family 
of cells. 

Then we will work on standardizing the charge control 
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techniques for batteries. And when I say "standardize 
charge control," this probably is one of the biggest 
cltallenges because of the variations you get from cells, 

aiso the variations from manufacturer to manufacturer 
cf cell characteristics. 

Of course the over-all goal, and it's a projection, 
that at least from the NASA viewpoint, that we will proba- 
bly be able to use the standard batteries in over 80 per- 
cent of our missions. 

The cost-savings benefit: Well, first of all we're 
:till talking about percentage-wise, but the cost-savings 
in documentation is a fairly small percentage of the total 
cost of the battery. Nevertheless, you have to start 
there in order to achieve a standard battery configuration. 

The other thing: It eliminates the engineering de- 
sign time presently required for each program. 

Another potential cost-savings is the need for re- 
qualification. 

The concept is simply this: Once we have built a 
battery and qualified it to an over-all signature level, 
both mechz .iical and thermal, the signature level that we 
choose will be one that will encompass the requirements of 
a multitude of launch vehicles including the shuttle, 
because we are not just talking about the pre-shuttle era 
but we're talking about the post-shuttle application, too. 

Along these lines, we have had some discussion re- 
cently on the man rating aspect of nickel-cadmium 
batteries .(, be flown or at least be handled in the pay- 
load arc-a. of the shuttle. This is an area we still have 
not c:*rified significantly to our satisfaction yet, but 
the indications are now that the type of batteries we have 
bs :n flying on the scientific series of satellites, 
!.amely hermetically sealed units, we may be looking at 
pressure relief configurations either on a cell and/or the 
battery level. 

Nr,w of course the follow-on which may result in the 



most significant cost saving is the reduction in amount of 
battery testing that is associated with each new program. 

Now I stand here before you and admit this is an ambi- 
tious program but I also have to make you aware of the fact -- something you are well aware of, I'm sure, that with the 
cost escalation that is associated with everything today 
we have got to do things that we have not done in the past. 
We have got to be able to get more effective use of our 
dollars or else we are going to cost ourselves right out 
of the aerospace business, and along with that we will cost 
ourselves out of a job. 

(Slide 5.) 

I would like to show you the present membership of the 
ad hoc battery team, and I have a main objective in doing -- 
this. One is to familiarize those who are not aware of 
the existence of this team, and so also give you a point 
of contact for any input you may have, or any suggestions 
you may have along the low-cost standard battery approach. 

For the sake of the record I will read the names: 
Tom Nennigan, Goddard Space Flight Center; myself, Floyd 
PorC; John Ruhencer, Anes l?escarch; Uchiyama, from Jet  
Propulsion Laboratory ; Paschal iron; Narshall ; Barry Trout 
from from Houston, Johnson Space Center; Jim Been from 
Lewis Research Center; James Bene from Langley; Bill 

Nagle from Lewis; Gerry Halpert from Goddard. 

And the Air Force participation is Captain Straton, 
Dave Pickett, Robert Kerr, and Iiarry Killian from Aero- 
space. 

At this time Gerry Halpert will give you the status 
of the current, on-going program, and define some of the 
most -- what we call the intermediate objectives of the 
next couple of years. 



111.3 APPROACH/OBJECTIVES OF 20ah CELL PROGRAM: 
G. HALPERTIGSFC 

(Slide 6.) 

In terms of our standard 20 ampere hour cell, we call 
out our objective to produce a standardized design 20 am- 
pere hour cell with a specific envelope configuration. 
What we intend to do is to establish one MCD manufacturing 
control document with each manufacturer so that we can re- 
fer to that one document to purchase all of our 20 ampere 
hour cells. We don't want to change the design every time 
we buy a new cell, so we are going to work it out so that 
there is one MCD with each manufacturer. 

The design will be for a standard family, although 
this procuremeni will be only for the 20 ampere hour cell; 
that is, the present design. We would like the MCD to 
serve as a link toward designing the standard family as 
well so that a minimum change in the MCD would be re- 
quired to change the family or to change the cell size. 

We would like to be able to have the cells in a pack- 
age, an envelope that would fit into a standardized 
battery package; that is, no matter what manufacturer we 
buy from, that cell will fit into a standardized battery. 

One very important goal is to have reproduceable 
cells from each manufacturer so that we again, buying one 
this month and buying one next month or next year, we are 
fairly sure or we would like to be assured that we get the 
same product with essentially the same characteristics. 

That is, reproduceable cells from lot to lot is the 
important thing. Obviously, we don't expect the manu- 
facturers to be able to give us the same properties as 
other manufacturers. Eash would hopefully have each 
characterized so that we would know what the manufacturing 
characteristics are for the nickel-cadmium cell. 

At the very end we want to develop a source 



control document for identifying qualified 
salient characteristics of each supplier's 
would be a document like a mil. spec where 
a 20 ampere hour cell to this mil. spec or 
call it now, for NASA's use. And that SCD 

suppliers, and 
cell. This 
we would buy 
this SCD, we'll 
will describe 

the manufacturers who can produce this cell of the quality 
we want, that we wo*~ld like. And then it would be up to 
the procurement people to handle it from there. 

(Slide 7 . )  

Our approach is two-phased. First, documentation; 
that is, to produce a MCD which will meet the requirements 
that we would like to see, all up-to-date specification 
and docume:_ t and draw; ngs , tests on qua1 i ty and so on , 
based on the present 74-15,000 specification that we have. 

We will be very happy to throw out that 74-15,000 
specification, and I'm sure many of you feel the same way, 
if we have an MCD we can rely on. We don't want to use our 
spec; we want to use your spec, but we want you to stick 
to it. That's the approach there. 

The second phase will be hardware to produce 29 
ampere hour cells based on an MCD, the number to be Ceter- 
mined some time later. But the idea is now, once you've 
shown you can have the documentation, let's produce it to 
that documentation. 

(Slide 8 . )  

The specifics of the documentation would be to have 
in there the cell design, the assembly instructions, the 
testing, the inspection, the drawings and document con- 
trol for those drawings so that we don't change drawings 
or modify them without adequate knowledge or description. 

The data sheets ought to be in there, the quality 
assurance provisions, and what we think would be a good 
step is provisions for a data log in which all data for 
the cell would go into, and that would be delivered at the 
end of the program. In other words, we don't want loose 
papers, we don't want loose sheets. We would have a log 
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which s t a r t s  wi th  t h e  very f i r s t  c e r t i f i c a t i o n  by t h e  ven- 
d o r s  t h a t  t h e  m a n u f ~ c t u r e r s  d e a l  wi th ,  down t o  t h e  f i n a l  
t e s t i n g  t h a t  t h e  cel l  manufacturers do. 

The s i z e  envelope f o r  t h e  20 t h a t  we're t a l k i n g  about  
looks l i k e  t h i s ,  and I won't bo the r  t o  read  a l l  those  
t h i n g s  o f f .  I t h i n k  you can see them. This  w i l l  be i n  t h e  
n i n u t e s  . 

We n o t i c e  down here  to t h e  l e f t  I have two requ i re -  
ments l i s t e d ,  o r  t h r e e  requirements:  t h a t  t h e  minimum 
capac i ty  be 23  ampere hours ,  maximum 24.  We'd l i k e  t o  
s t andard ize  on something w e  can keep w i t h i n  c e r t a i n  l i m i t s  
and no t  p u t  i n  e x t r a  or a d d i t i o n a l  loading that w e  r e a l l y  
do not d e s i r e .  

Again, a maximum weight h e r e  would be one kilogram, 

Tom has  worked up n o t  only  t h i s  one b u t  t h e  ce l l  
dimensions o r  t h e  enveloge for t h e  6 ,  t h e  12's, and t h e  
S O ' S ,  and we would h0:~e t o  be ab le  t o  p u t  t h i s  i n  t h e  Gocu- 
mcnt even though ~ O U  f lon ' t  see it h e r e  today s o  t h a t  you 
w i l l  have something to  work from i n  t h e  f u t u r e .  

( S l i d e  l o . )  

I n  t h e  hardware, i n  t h e  phase B s e c t i o n  where t h e  
cells a r e  manufactured, we're  going to  implement a buy-off 
review. This  is a review a f t e r  p l a t e  tests a r e  done; a f t e r  
t h e  manufacturer has  procured h i s  b a s i c  m a t e r i a l s ,  t h e  
s e p a r a t o r  and cans and so on,  w e  would have a buy-off 
review to  see whether t h e  m a t e r i a l s  used i n  t h e  cells w i l l  
meet t h e  des ign  t h a t  he has  s a i d  he is going t o  meet; 
t h a t  is, is t h e  capac i ty  r i g h t ,  is t h e  loading r i g h t ,  is 
t h e  s e p a r a t o r  r i g h t  i n  terms o f  i ts  c h a r a c t e r i z a t i o n  and 
s o  on. So he re  w e  would buy o f f  t h e  components essen-  
t i a l l y  be fo re  w e  would a l low t h e  cells to  be b u i l t .  

The samples would fo l low and then we would go along 
i n  t h e  usual  way with  a l l  t h e  manufacturing and the test- 
ing ,  inc luding some v i b r a t i o n  tests. 
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Finally, the delivery of the data log with the cells 
and then a chance for the manufacturer to submit finally 
an MCD which we can call the right MCD. 

I guess one of the things I hat 2 not mentioned is the 
fact that there would be three MCD'e, two that NASA would 
get and one that will be maintained by the manufacturer 
himself with all of the proprietary documents. That MCD, 
the master MCD we'll call it, would stay at the manu- 
facturer's facility and not be deliverable. A suitable 
NASA official -- a designated official would have access 
to that MCD, and anyone else &,horn he and the manufacturer 
recognize as a qualified individual. 

Therefore, the manufacturer would not have to give 
out any proprietary information that he desired not to. 

The two deliverable l4CD's would be those in which the 
proprietary documents were called out with their dates and 
revision numbers, but ';hat would be all. 

(Slide 11. ) 

The concept in reviewing again the i 4 C D ' ~  based on 
the 74 -15,000 spec: The maximum use of existing design 
documents and drawings is not a development. We don't 
want to start from the beginning. This is what you have 
already, what the manufacturer has already, and then modi- 
fied or revised to meet the present design. 

There will be no exceptions to the spec allowed un- 
less satisfzctorily identified, and the proprietary docu- 
ments will be in the master MCD, again access to that 
through a Goddard representative. And all the future pro- 
curements will be based on that standard MCD. 

(Slide 12.) 

Finally, when we talk about using these cells n w ,  we 
Aiave cells in-house and we want to build them to the 
standard battery, a motherhood statement with regard to 
standardized battery considerations because we really have 
not finalized these at all. 



I t  i n c l u d e s  c o n s i d e r a t i o n  of  c e l l - t o - b a t t e r y  we igh t  
r a t i o ,  t h e  e a s e  of manufacture  of  t h e  b a t t e r y ,  t h e  ease of 
assembly and d isassembly ,  t h e  complexi ty  o f  t h e  system,  t h e  
thermal  des ign ,  t h e  mechanical  d e s i g n ,  and I guess  I 
could  .go on w i t h  s e v e r a l  more, b u t  t h e s e  cells w i l l  b e  used 
i n  t h e  s t a n d a r d  b a t t e r y  program, t h e  s t a n d a r d  b a t t e r y  de- 
s i g n  which w i l l  come a t  a l a t e r  t i m e .  

( S l i d e  o f f .  

That. r e a l l y  conc ludes  t h e  d i s c u s s i o n  o f  t h e  low-cost 
program b u t  I ' m  s u r e  F loyd ,  Tom, and myself would be  very  
happy t o  answer q u e s t i o n s  w i t h  r ega rd  to  t h i s  i f  t h e r e  are 
any a t  t h e  p r e s e n t  time. 

CORRETT: I guess  1 h a m  k ind  of a loaded q u e s t i o n ,  
Gerry.  Tha t  is: Do you have any p l a n s  f o r  s p e c i f i c  
b a t t e r y  mechenical  d e s i g n  dhich  w i l l  i n c l u d e  r equ i r emen t s  
on t h e  c e l l s ?  The f i r s t  t h i n g  t h a t  comes t o  mind is some 
of t h e  t h i n g s  t h a t  r e a l l y  c r ank  t h e  cel l  d e s i g n  r e q u i r e -  
ments a r e  the  b a t t e r y  package,  t h e  pre- load  d e s i g n ,  and 
t h e n  you have t o  have enough s t r e n g t h  i n  t h e  s i d e  w a l l s  
s o  t h a t  the  cel ls  d o n ' t  buck lc  under t h e  pre- load.  

For t h i s  r e a s o n ,  f o r  example, you have 6 arnpere hour 
cel ls  t h a t  can  be bought w i t h  any th ing  from I g u e s s  1 9  t o  
30 m i l  can  t h i c k n e s s .  If  i t ' s  a welded can it can  be  
p r e t t y  uniform. I f  i t ' s  a drawn can  it is k ind  of t h i c k  
on t h e  edges  and t h a t  g i v e s  you more s t r e n g t h .  You know, 
t h e r e  a r e  a l l  t h e s e  k i n d s  of  i n t e r f a c e  c o n s i d e r a t i o n s  t h a t  
t end  t o  r e l a t e  to b e t t e r  mechanical  d e s i g i ~ s .  

So cou ld  you comment on t h a t ?  

IiALPERT: With r e g a r d  t o  t h e  mechanical  d e s i g n  of t h e  
c e l l ,  we'd f i x  on one d e s i g n  and a l low f o r  c e r t a i n  modi- 
f i c a t i o n s  i n  t h e  can  w a l l  which is ,  of c o u r s e ,  n o t  an  
e l e c t r o c h e m i c a l  problem b u t  a mechanical  problem based on 
what a manufacturer  o r  what a b a t t e r y  requi rement  is. 

I t  it is f o r  a v i b r a t i o n  problem where t h e  ce l l  h a s  
t o  be t h i c k e r ,  or some k i n d  of g f o r c e s ,  t h e n  t h a t  would be  
-- c e r t a i n l y  a m o d i f i c a t i o n  would be involved .  



What w e  d o n ' t  want t o  Go is to  change t h e  l o a d i n g ,  
change t h e  p l a t e ,  change t h e  s t r u c t u r e  o f  t h e  cell so t h a t  
t h e  c h a r a c t e r i s t i c s  are d i f f e r e n t .  T h a t ' s  what w e  r e e l l y  
want t o  be t h e  same. 

CORBETT: T h i s  is a c r i t i c a l  c o s t  e lement  though be- 
cause  one of t h e  t h i n g s  I g u e s s  t h a t  r e a l l y  h i t s  t h e  rnanu- 
f a c t u r e r s  is having to  keep a n  inven to ry  or else to  o r d e r  
so many d i f f e r e n t  k i n d s  o f  c a n s ,  s t y l e s  and t e r m i n a l s  and 
t h & t  sort of t h i n g ,  bo th  welded and drawn. And it is n o t  
o n l y  a c o s t  problem b u t  a s chedu le  problem, too. 

FORD: Yes, Bob, your  q u e s t i o n  is ve ry  r e l e v a n t  and 
it i s  one t h a t  w e  have looked a t  and a r e  s t i l l  1,lc;king a t .  

S p e c i f i c a l l y ,  t h e  answer to  your  q u e s t i o n  is 4 1 a t  t h e  
s t a n d a r d  ce l l  w i l l  b e  j u s t  t h a t .  I t  w i l l  b e  des igned  b? 
accommodate a l l  t h e  environments  t h a t  w e  c a n  a n t i c i p a t e  
f o r  rt f o r  a l a r g e  pe rcen tage  of s a t e l l i t e s .  I t  w i l l  n o t  
be ,  n e c e s s a r i l y ,  de s igned  t o  accommodate a p,r t j .cular  -- 
l i k e  a n  impact d e s i g n  f o r  l a n d e r  -- you know, t,:.yh g l e v e l s .  

ik! a r e  trying t o  ach ieve  a hic;h pe rcen taqc  of use 
of t h e  s t awja rd  ' ~ n t  t e r y  . 

Low the s t a n d a r d  c e l l  w i l l  be a s  t h e  m a n ~ f a c t u r e r  
proposes .  I would l i k e  t o  make a p o i n t  though about  t h i s  
weight .  

We have had t h r e e  meet imjs  of t h e  ad -- hoc b a t t e r y  
team. A t  t h e  l a s t  meet ing w e  reviewed-- I n  a two-day 
s e s s i o n  we reviewed a t  l e a s t  a dozen d i f f e r e n t  b a t t e r y  de -  
s i g n s  t h a t  have flown o r  a t  l e a s t  a r e  going t o  f l y  w i t h i n  
t h e  n e x t  two y e a r s ,  b u t  most of  t hose  w e  have had con- 
s i d e r a b l e  expe r i ence  w i t h .  

I t  is ny hones t  op in ion  t h a t  some of t.hose b a t t e r i e s  
could be dropped o u t  of a C-5-A and land on t h e  ground and 
s t i l l  s t a y  i n t a c t ,  and I ' m  t a l k i n g  about  from a cons ide r -  
a b l e  a l t i t u d e .  

I t h i n k  t h a C  we have t o  opt imize t h e  mechanical  (it!- 
s i g n  h u t  i t  was t h e  qeneral consensus of t h e  ad hoc --- -- 
battery team t h a t  wh i l e  weight  snould be a c o n s i d e r a t i o n  



i n  t h e  b a t t e r y  d e s i g n ,  it should  n o t  be  g iven  t h e  pr imary 
c o n s i d e r a t i o n .  

Now we're faced  w i t h  t h i s  phi losophy t h a t  t h i n g s  t h a t  
f l y  on t h e  s h u t t l e  w i l l  hava a  weight  problem. I d o n ' t  
t h i n k  t h a t  w e  can  l i v e  by t h a t  r e a l  hard.  I t h i n k  t h a t  we 
have t o  cons ide r  op t imiz ing  weight  h u t  y e t  n o t  c u t t i n g  
down weight  s u f f i c i e n t l y  that .  we may have a  marg ina l  de- 
s i g n  f o r  a  good pe rcen tage  o f  o u r  a p p l i c a t i o n s .  

I guess  one o t h e r  p o i n t .  

E i l l  Limberis ,  w i l l  you s t a n d  up? 

H e  i s  t h e  Program Manager f o r  Power Subsystems, Low 
Cost  Systems O f f i c e  a t  NASA/HQ. 

One o t h e r  p o i n t  about  t h i s :  T h e  mechanics o f  imple- 
menting t h e  s t anda rd  d e s i g n  is  s t i l l  i n  t h e  m i l l .  I n  
o t h e r  words, w e  come up w i t h  t h e  s t a n d a r d  c o n f i g u r a t i o n  
of  t h e  cell .  Gerry h a s  mentioned t h e  SCD. U l t i m a t e l y  w e  
w i l l  have something i n  t h e  follow-on t h a t  w i l l  d e f i n e  t h e  
s t anda rd  b a t t e r y  packages.  

Now t h e  p r o j e c t  -- I ' m  speaking  f o r  NASA, n o t  t h e  A i r  
F u r c e .  The NASA p r o j e c t s  w i l l  be r e q u i r e d  to  review t h e  
s t a n d a r d  component l i s t  and I am now n o t  t a l k i n g  abou t  j u s t  
b a t t e r i e s .  You saw t h e  o t h e r  p a n e l s  t h a t  a r e  working 
t h e r e ,  and t h e r e  a r e  o t h e r  groups t h a t  a r e  working on 
s t a n d a r d s  l i k e  t h e  s t a n d a r d  t a p e  r e c o r d e r ,  t h e  sta. ldard 
s p a c e c r a f t  computer. 

The f u t u r e  p r o j e c t s  w i l !  have t o  show cause  why t h e y  
c a n ' t  use  t h e  s t a n d a r d  c n n f i g u r a t i o n ,  whether it be  a  
b a t t e r y ,  a t a p e  r e c o r d e r ,  o r  a  computer, or a p r o p u l s i o n  
system. The i n c e n t i v e  for t h e  p r o j e c t s  t o  u s e  t h e  
s t a n d a r d  components is p r i m a r i l y  t h e  c o s t  f a c t o r ,  t h a t  t hey  
dc i ' t  have t o  pay f o r  t1.e development. 

I f  t hey  show an i n c o m p a t i b i l i t y  w i t h  t h e  u s e  o f  any of  



t h e s e  s t a n d a r d  components, t h e n  t h e  p r o j e c t  w i l l  have to  
a b s o r b  the cost o f  e i t h e r  modifying or whatever  t h e y  re- 
q u i r e ,  o r  even going o u t  and maybe deve loping  a new one  i n  
o r d e r  t o  meet t h e i r  needs.  

B i l l ,  do you have any o t h e r  comment a long  t h o s e  l i n e s ?  

LIMBERIS: N o ,  I t h i n k  you summarized it p r e t t y  w e l l .  

There  w i l l  b e  a c a t a l o g  of  s t a n d a r d  equipment which 
by d i r e c t i o n  of D r .  Low Deputy Admin i s t r a to r  w l l l  he vped by 
eve ry  p r o j e c t  u n l e s s  a wa ive r  is reques t ed .  According t o  
what Floyd h a s  been s a y i n g ,  w e ' r e  t r y i n g  t o  deve lop  a 
s t a n d a r d  20 ampere hour cel l  t h a t  any p r o j e c t ,  by access- 
i n g  o u r  c a t a l o g  system, can  p rocu re  and b e  s u r e  of g e t t i n g  
t h e  same ce l l  each  t i m e .  

GANDEL: I'm  mart^ Gandel,  Lockheed. 

Floyd,  i f  you look a t ,  s a y ,  t h e  20 ampere hour  ce l l ,  
w h a t ' s  t h e  p r o j e c t e d  usage t h a t  is-- How many programs do  
we have t o  look  forward t o  i n  t h e  n e x t ,  s a y ,  f i v e  y e a r s  or 
t e n  y e a r s ,  i f  you want t o  restrict  i t  to  YASA prograns ,  i f  
t h a t ' s  e a s i e r ,  t h a t  would u s e  t h e  20 ampere hour  c e l l ?  

L e t ' s  j u s t  t a k e  a number. Ihybe  t h e r e  a r e  10 prog- 
rams, 20 programs, whatever  it happens t o  be.  :Jow wi th  
t h a t  you a s s o c i a t e  a c e r t a i n  amount of non- recur r ing  en- 
g i n e e r i n g  t h a t  would b e  s p e n t  on t h a t  program i f  you d i d n ' t  
have t h e  s t a n d a r d  ce l l .  

Xow working w i t h  t h e  so -ca l l ed  s t a n d a r d  ce l l ,  can you 
q u a n t i f y  t h e  amount of e n g i n e e r i n g  t h a t  would be  saved? 

Row what I ' m  looking  a g a i n s t ,  and t h i s  is be ing  hyper- 
c r i t i c a l  -- I ' m  t r y i n g  t o  be  very  c r i t i c a l  of  it. I f  we 
look a t  t h e  list of people  on your  -- ad hoc commit tee ,  t h e r e  
a r e  no manufac turers  t h a t  a r e n ' t  t h e  major u s e r s ,  t h e s e  
people  i n  t h e  government a g e n c i e s .  

And s o  I t o s s  one hack t o  M r .  Woodward now: 

same 
When w e  look  a t  t h e  o v e r - a l l  economics, w e  have t h e  
number of  people  employcd i n  t h e  same number of 



agenc ie s  over looking  a l l  of t h e s e  t h i n g s ,  even though t h e  
number o f  programs goes down. Now a t  some p o i n t  t h e r e  is 
a  c ros sove r  between t h e  s t a f f  c o s t s  and t h e  -- quo te  -- 
" c o s t  s av ings"  programs a g a i n s t  t h e  cost of  t h o s e  programs 
if you d i d n ' t  have c o s t  s av ings .  

I t h i n k  somewhere you 've g o t  t o  make a systems analy-  
sis and see what y o u ' r e  g e t t i n g  f o r  t h e  e f f o r t .  

I ' v e  made k ind  of  a  speech o u t  of  t h i s  t h i n g ,  Floyd. 
Does it make sense?  

FORD: I t  c e r t a i n l y  does.  

W e l l ,  I ' m  n o t  s u r e  e x a c t l y  what t h e  q u e s t i o n  was b u t  
I t h i n k  I understood your  s t a t e m e n t  ve ry  w e l l .  

I have t o  p o i n t  o u t ,  a s  I t h i n k  I d i d  a l i t t l e  earlier, 
t h a t  t h e  c o s t  s a v i n g s  t h a t  we're looking  f o r  i s n ' t  neces- 
s a r i l y  w i t h  t h e  s t a n d a r d  ce l l ,  p a r t i c u l a r l y  t h e  s t a n d a r d  
20.  We're looking  a t  t h e  t o t a l  program as f a r  as t h e  over- 
a l l  c o s t  s av ings .  And q u i t e  f r a n k l y ,  i f  I had to  stand-- 
I could  n o t  s t a n d  h e r e  and j u s t i f y  t h c  program, based on 
t h e  20 ampere hour  ce l l  c o s t  s a v i n g s  a lone .  I t ' s  t h e  t o t a l  
p i c t u r e ,  i n c l u d i n g  a l l  t h e  way through t o  d e l i v e r y  o f  
b a t t e r i e s  t o  t h e  s p a c e c r a f t .  

But i n  o r d e r  t o  g e t  a  s t a n d a r d  b a t t e r y  you have t o  
s tart  w i t h  t h e  ce l l ,  w i t h  some d e f i n e d  f o o t p r i n t .  And t h e  
reason  w e  chose t h e  20 i s  because looking  a t  NASA's pro- 
d u c t i o n s  and looking  a t  t h e  p r o j e c t i o n s  t h e  A i r  Force h a s  
provided u s  w i t h ,  is t h a t  it is  going t o  be  one o f  t h e  
major u s e r s .  That  is t h e  f i r s t  ce l l .  That  d o e s n ' t  mean 
we're going t o  s t o p  t h e r e .  

We hope t o ,  immediately t h e r e a f t e r ,  proceed t o  de- 
v e l o p  t h e  6 ,  1 2 ,  and even t h e  50.  

Now i n t e r e s t i n g l y  enough, t h e  50 ampere hour  s i z e s ,  
as f a r  a s  t h e  NAS; p r o j e c t i o n s  a r e  concerned,  i n  t h e  next 
t e n  y e a r s  s t i l l  w i l l  be  few i n  number. T h e i r  p r o j e c t i o n  
o f  u se  i s  predominant ly  i n  t h e  12 t o  20 ampere hour .  And 
I t h i n k  i f  t hey  look  a t  t h e  -- what do they  c a l l  t h a t ?  -- 



t h e  mi s s ion  model t h a t  NZSA h a s  made up, and look  a t  t h e  
t y p e s  o f  s p a c e c r a f t ,  t h e  power r equ i r emen t s ,  y o u ' r e  t a l k i n g  
abou t  power i n  t h e  r ange  o f  a h a l f  a k i l o w a t t  to  a two-  
k i l o w a t t  system. But t h e r e  are still  a l a r g e  number of  
s p a c e c r a f t  down i n  t h e  100-watt  r ange ,  t h e  1 0 0 - t o  200-watt 
range.  

But  t h e  b e s t  d a t a  w e  have s a y s  t h a t  t h e  20 w i l l  b e  
t h e  b i g g e s t  u s e r  f o r  NASA i n  t h e  n e x t  f i v e  y e a r s ,  and I 
b e l i e v e  t h a t  is c o n s i s t e n t  w i t h  t h e  A i r  Force p r o j e c t i o n .  
However, t h e i r  p r o j e c t i o n  shows u s e  o f  t h e  l a r g e r  cells; 
t h a t ' s  t h e  r e a s o n  t h e  50 is inc luded  i n  t h e  program. 

WOODWARD: I f  I might g e t  a t  it from a d i f f e r e n t  
a n g l e ,  I sympathize  w i t h  your  comments t h a t  maybe we 've 
g o t  t o o  many people  b e a t i n g  a s m a l l  problem t o  d e a t h ,  and 
maybe w e  should  go back and look a t  o u r  ba l ance  o f  people .  

The comment t h a t  w e  do n o t  have i n d u s t r y  people  on  
t h e  p a n e l  and w e  need t h a t  i n p n t  is wel l - taken .  There  is 
a n o t h e r  a n g l e  I would l i k e  to  j u s t  s u g g e s t .  

I s a i d  e a r l i e r  t h a t  t h e s e  prohlems of  q u a l i t y  con- 
t r o l  and s e a l  !>roblens and o p e r a t i o n a l  problems keep t u r n -  
i ng  up and they c o s t  u s  money. Now i f  w e  can  f i n d  a way 
t o  g e t  to  automation o r  a t  l e a s t  nak inq  the  same doggoned 
t h i n g  t h e  same way each t i m e  w i t h  a  h igh  deg ree  of  c o n f i -  
dence ,  I t h i n k  it would h e l p .  L e t  m e  draw an analoqy.  
Every t i m e  I do I g e t  i n  t r o u b l e  b u t  I ' l l  t r y  it a g a i n .  

The American automobile  eng ine  is a p r e t t y  good en- 
g i n e  a s  f a r  a s  t h e  eng ine  i t s e l f .  I d o n ' t  mean t h e  acces -  
s o r i e s .  When I was young and gay ,  y e s ,  w e  overhauled  
eng ines  a t  40,000 m i l e s  and w e  were us ing  two q u a r t s  o f  o i l  
and so f o r t h  and s o  on p e r  thousand.  

I d o n ' t  t h i n k  y o u ' l l  f i n d ,  i f  you t h i ~ k  about  i t ,  
very  many modern automobile  eng ines  t h a t  a r e  g i v i n g  any 
i n t e r n a l  t r o u b l e s  w i t h  t h e  main power p l a n t  l i k e  t h a t ,  
upwards of  100,000 m i l e s .  So I g o t  a l i t t l e  i n t e r e s t e d  t o  
f i n d  o u t  why t h i s  is s o .  And a t  l e a s t  one a u t h o r i t y  te l l s  
m e  t h a t  t h i s  is because they 've  g o t t e n  t h e  man o u t  of  the 
p roduc t ion  p r o c e s s .  Those eng ines  3re made by automated 



machinery- They make them to  c l o s e  to le rance .  When they 
a r e  through, the machines grade  each p a r t  f o r  dimensional 
t o l e r a n c e s  and they j u s t  d o n ' t  s t a y  wi th  t h e  t o l e r a n c e s ;  
they match each p a r t  t o  each p a r t  a s  b e s t  they can,  a l l  
done automat ica l ly .  The end r e s u l t  is t h e  machine is a 
remarkably c o n s i s t e n t  b e a s t .  

I ' d  l i k e  t o  see, o r  would sugges t  t h a t  maybe a s  a p a r t  
of t h i s  s t a n d a r d i z a t i o n  e f f o r t  an unexpected ana hopeful ly  
u s e f u l  o f f s h o o t  w i l l  be ~ t a n d a r a ~ z a t i o n  i n  t h e  manufactur- 
ign  process  t h a t  w i l l  g i v e  us  a b e t t e r  and mare uniform 
prnduzt  . 

I t ' s  j u s t  a thought ,  b u t  I t h i n k  w e  need it. Again, 
l e t  m e  r e i t e r a t e  it seems about  o t h e r  yea r  i n  a program 
review somebody s t a n d s  up and says  "Hey, we've g o t  q u a l i t y  
c o n t r o l  problems, and t h i s  must be c o s t i n g  u s  money. I t  
must be  c o s t i n g  us  t i m e  and e f f o r t . "  

DUNLOP: Dunlop, from Comsat. 

Bill, i dor,:t know w i m t  yocr aqe is b u t  what hould 
happen i f  they  w e r e  t o  have s t a n f n r d i z e d  t h e  engine Lac?: 
i n  13?8? 

WOODWNID: I d o n ' t  know, sir.  IIowever, we've been a t  
t h e  ni-cad bus iness  s i n c e  1960-something-or-other. And i f  
you look a t  t h e  progress  t h a t ' s  been made, we've gone from 
a l i f e  of a few months up t o  l i k e  five y e a r s  and t h e  w a t t  
hours per  pound have increased.  

HENNIGAN: The usab le  has  increased.  

WOOD\JARD: Yes, t h e  depth of d i scharge  has  inc reased  
and I th ink  we're g e t t i n g  i n  t h e  ni-cad bus iness  t o  a 
s t a t e  of ma tu r i ty  t h a t  perhaps is analogous t o  t h e  auto-  
mobile engine i n  t h e  l a t e  ' 4 0 ' s  and e a r l y  ' 50 ' s  when they 
s t a r t e d  t r y i n g  t o  automate. 

DUNLOP: Tha t ' s  probably the a r e a  where t h e  ques t ion  
lies. I f  you s t andard ize  t h e  s e p a r a t o r ,  f o r  example, 
and i t ' s  a bad s e p a r a t o r ,  you s t i l l  have a bad s e p a r a t o r .  

WOODWARD: Okay. I d o n ' t  t h i n k  w e  would have made a s  



much progress a s  w e  have- Although I keep i n s i s t i n g  it is 
not f a s t  enough, I don ' t  th ink we would have made as much 
i f  we didn ' t  have fundamentally a decent ba t te ry .  

W: Haff, Philco-Ford. 

Floyd, I 've been wondering what degree of c o s t  analy- 
sis has gone i n t o  the j u s t i f i c a t i o n  f o r  standardizing 
cells and ba t t e r i e s .  Are w e  ta lk ing  about $20,000 f o r  t en  
programs, a few hundred thousand d o l l a r s  i n  the  next f i v e  
years? O r  a r e  w e  t a lk ing  about $200,000 per program f o r  
t en  programs? 

HENNIGAN: I ' v e  got a s l i d e  here I ' l l  show you. 

(Sl ide 13.) 

Now these are some ba t t e ry  costs.  Now w e  have t o  
watch o u t  how w e  use these  numbers because, a s  was s a i d  
before,  it is very d i f f i c u l t  t o  g e t  cos t s  on b a t t e r i e s ,  
on ba t t e ry  programs. 

The people who a r e  fami l ia r  w i t h  these programs can 
co r rec t  m e  i f  I'm wrong but  the Mariner/Mars, t h a t  con- 
sists of t en  ba t t e r i e s .  

The Mercury one was three.  

OAO was three b a t t e r i e s  i n  two packages. 

OSO-I -- Do you remember how many b a t t e r i e s  t h a t  was? 

WEBSTER: You mean ac tua l ly  flown? 

HENNIGAN: Assembled and t e s t ed  f o r  t h e  program. 

WEBSTER: Approximately f ive ,  I think. 

HENNIGAN: Okay. 

The A i r  Force pro jec t  was 17 b a t t e r i e s .  

Pro jec t  B was 27. 
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IMP-11, t h a t ' s  t h e  cost of  one b a t t e r y .  

And RAE, t h a t ' s  t h e  c o s t  of  one b a t t e r y .  

And t h o s e  l a s t  two are t o  launch .  Some o f  t h e  o t h e r  
ones  1 d o n ' t  know i f  they  i n c l u d e  t h e  i n t e g r a t i o n  costs on 
some of  t h e s e  t h i n g s .  

Rut I d i d  look a t  t h e  c o s t  of  man-hours to  make a  
d e s i g n ,  do  t h e  drawings,  assemble t h e  b a t t e r y ,  v i b r a t e  i t ,  
t h e r m a l v s i t  f o r  a coup le  of  weeks, and do some o t h e r  
e l e c t r i c a l  t e s t i n g .  I c a n ' t  remember t h e  numbers b u t  i f  
you have a l l  t h a t  s t u f f  a v a i l a b l e ,  t h e  drawings and t h e  det 
s i g n ,  you d o n ' t  tA ,  zmalvac i t  and you d o n ' t  v i b r a t e  it ana  
you do  minor e l e c t r i c a l  t e s t  a f t e r  you b u i l d  t h e  b a t t e r y ,  
i t  was a c o s t  r e d u c t i o n  o f  abou t  45 p e r c e n t ,  and I t h i n k  
t h a t  was t h e  b i g g e s t  a r e a  o f  c o s t  r e d u c t i o n .  

I know an  awful l o t  of  e l e c t r i c a l  tests, v i b r a t i o n  
and s o  f o r t h ,  a r e  done on b a t t e r i e s ,  b u t  it seems i f  you 
use  t h e  same d e s i g n  o v e r  and o v e r  a g a i n  you have some con- 
f i d e n c e  i n  it.  For i n s t a n c e ,  on t h e  IMP space  b a t t e r i e s ,  
we've xacle t h o s e  so much, w e  p u t  them t o g e t h e r  and capa- 
city chcck then and t h a t ' s  it. 

WEDSTER: Tom, w a s  t h a t  t h e  e x t e n t  o f  t h e  cost ana ly-  
s i s ?  

HENNIGAN : Yes. 

WEUSTER: Okay. Thank you. 

HOWARD: L e t  m e  a sk  you from your  e x p e r i e n c e ,  w h a t ' s  
t h e  most c o s t l y  e lement  o f  t h e  b a t t e r y  a s  f a r  a s  your 
expe r i ence ,  i f  you have t o  s i n g l e  o u t  one a r e a ?  

WEBSTER: The most cost of  t h e  c o s t  o f  t h e  i t e m  i s  t h e  
t e s t i n g ,  t h e  t e s t i n g  of t h e  cel ls ,  t h e  t e s t i n g  o f  t h e  
b a t t e r y ,  and t h e  t a b u l a t i o n  and t h e  g a t h e r i n g  o f  t h e  d a t a ,  
t h e  l o g  books t h e  vendor -- t h e  manufac tu re r ' s  t e s t i n g  
and s o f t w a r e  involved  i n  t h e  program. 

FORD: Would anyone else l i k e  t o  comment on t h a t  ques- 
t i o n ?  



IACKNEH: There is one conunent I would like to make. 

It seems that M e  manufacturers have .aid that making 
batteries for satellite6 is small volume, low cost to them 
in their total productian line, and it is a bit of a 
nuisance. 

N w  can we guarantee that we will be buying the num- 
ber of batteries to maintain a production team year-round 
so they do qualify people to make it, that the quality 
control will be consistent by saying "Okay, we have ten 
people in the plant who will work on nothing but aero- 
space batteries and they'll have their heart and soul in 
it," instead of working on it for a set program and then 
another group will work on it two years la=or. 

There is where your inconsistency in quality control 
will come out. 

FORD: That's like asking me if I can guarantee the 
space program is going to continue for ten years. 

No, I don't think- I want to make a point to your 
question. It is simply that we will not have any change 
from the status quo as far as those battery teams at the 
various -- or the production teams at the various sources 
that make these cells today. 

LACKNER: But if they have to pay these people and 
they are not working on a set program, they are liable to 
let them go over and put them on something else. 

FORD: But now does this standardization change the 
present status quo? That's what I fail to see. 

LACKNER: You're standardizing on components and you 
are either saying that we've got the process under such 
control that any human operator can work on it, which i n  
what I believe the prior- conaent was. 

We do know that quality control does make a difference. 
If you can get the same team working on it all the time they 
will be looking at matters that may not be documented just 
by experience. 



WEBSTER: I would like to comment on why the cost of 
the IMP battery is so low, 14 K. Not only do we just 
capacity check it but we do put it through a subsystem 
thermal vacuum and magnetic acceptability test and we've 
used the standard document for this for about six years 
now,and that's, I believe, one of the big cost savings. 

We spent approximately a week going through magnetic 
measurements, thermal vac and vibration at the subsystem 
level, but the cost of that is only $2,000 because there 
is no documentation required. It exists. And this is the 
principal cost, I think, of standardization. 

Every time you talk about overseeing by the govern- 
ment, re-writing by industry, we're generating new speci- 
fications and new documents for every single battery. And 
I really feel that an immediate cost savings would be in 
that area, and we've demonstrated it in-house. 

KRAUSE: Krause, from Hughes. 

Floyd, I don't know if this is the right place to ask 
the question but some of the  industry people are good-sized 
users of Loostcrs which are supplied by NASA and I was 
wondering how much pressure or filtering down of this 
drive for standardization of some of the components night 
NASA exert on the users of the boosters to try to get 
them to optimize their savings, make them simpler, or in 
some way provide a better use of the boosters. 

FORD: I'm not aware that there will be any Fressure 
exerted by NASA from the Low Cost Systems Office on people 
that use-- You're talking about people who use the 
Delta , this type vehicle, to put up commercial satellites? 

KRAUSE: Yes, or Centaur or any others. 

FORD: I'm not aware where there will be any impact 
at all on the commercial aspect or the non-NASA users of 
the launch vehicles. 

MICKELSON: Mickelson, of Convair. 

.then you selected your various battery sizes for your 



s tandard  program, did you cons ide r  t h e  r e l i a b i l i t y  of t h e  
va r ious  s i z e s ?  I n  o t h e r  words, is  one s i z e  more r e l i a b l e  
than  t h e  o t h e r ,  o r  what have you? 

FORD: N o .  Those s i z e  s e l e c t i o n s  were baaed predomi- 
n a n t l y  on p r o j e c t i o n s  o f  s p a c e c r a f t  power system requi re-  
ments and t h e  ampere hour c a p a c i t y  or t h e  w a t t  hour capa- 
c i t y  r equ i red  to  f u l f i l l  t hose  requirements.  

Speaking f o r  myself,  I ' m  n o t  aware o f  where we have 
d a t a  t h a t  shows one s i z e  cell  o r  one s i z e  b a t t e r y ,  
r e s t r i c t i n g  t h a t  t o  t h e  p r i s m a t i c  des ign ,  is more reliable 
than  another  s i z e .  F'or i n s t a n c e ,  I don ' t  know t h a t  anyone 
has  shown t h a t  a 20 i s  more reliable than  a 1 2 ,  o r  v i c e  
versa .  

I. M. SCHULMAN: Schulman, TRW. 

Floyd, a r e  you going t o  f a c t o r  i n  l i f e  requirements 
i n t o  your s t u d i e s ,  t h e  very f a c t  t h a t  you have some vehi- 
cles t h a t  have a requirement of s i x  months and o t h e r  vehi- 
cles f i v e  t o  seven years?  

FORD: Only t o  t h e  e x t e n t  t h a t  the s tandard  b a t t e r y  
des ign  w i l l  have s p e c i f i e d  c e r t a i n  g u i d e l i n e  parameters f o r  
i ts use. For ins tance ,  i f  you have a 20 ,  you have a s ix -  
months miss ion  which-- I n c i d e n t a l l y ,  :hey a r e  few and far 
between these days ,  b u t  us ing  that for an example, if you 
have a six-month mission ve r sus  a two-year mission,  then  
t h e  u s e r  obviously would be a b l e  to t a k e  more advantage of 
t h a t  s i z e  and t h e  usab le  capac i ty .  H e  could g e t  s i x  months 
ve r sus  two years .  

So t h e  answer to your ques t ion  i a  no i n  one r e s p e c t ,  
yes  i n  theo the r .  But bea r  i n  mind t h i s  end product  is 
s t i l l  t o  be used by t h e  va r ious  people i n  t h e  aerospace 
indus t ry .  

I w i l l  mention again  and encourage you t o  c o n t a c t  the 
members on t h e  ad -- hoc-ba t t e ry  team for  any and a l l  inputm 
i n  t h i s  a r e a  of s t andard iza t ion .  

BARNETT : Barne tt , Rockwell. 
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I'm not  encouraging f t  b u t  has NASA given any conrid- 
e r a t i o n  to  GF -ing cell.? 

FORD: Yes, and t h e  anuwer is no, w e  w i l l  not.  That ' s  
t h e  purpose of the SCD. 

WOODWARD: Can I a rk  another quest ion maybe of t h e  in- 
dus t ry  people, and I think the  NASA people w i l l  situdder, 
bu t  l e t  me ask it. 

You r a i s ed  a  po in t  t h a t  our production requirements 
are s o  law it is not  worth t h e  time, t rouble ,  and e f f o r t  
on the  p a r t  of industry.  Fine, i f  t h a t ' s  so. Okay, can 
w e  use your standard equipment you're producing tor ground 
use? Why can ' t  w e  use it? Is it not  of good enough qua l i -  
t y  now to meet our needs? I f  so ,  what can w e  do about 
improving i t 2  

Surely it would he lp  you i n  your end of t he  bur iness  
i n  s e l l i n g  th ings  on t h e  ground. 

This is an area  t h a t  we've been wondering about for 
q u i t e  a  while. Why c a n ' t  w e  make b e t t e r  use of the ava i l -  
a b l e  -- let 's  call  them c i v i l i a n  ground cell technologies. 

FORD: Any quest ions  o r  comments? 

CORBETT: Corbett ,  Lockheed. 

I was going t o  comment o r i g i n a l l y  when Joe Lackner 
made the  comment about b a t t e r y  s tandardizat ion.  I think 
the  point  he had i n  ~ i n d  was when you go t o  a  c e l l  vendor 
and ask him t o  bui ld  a ba t t e ry ,  the f i r a t  t i m e  around 
t h e y ' l l  say "We don ' t  l i k e  t h a t  because it is not a high- 
volwne item f o r  us. We don t have the  s p e c i a l i s t s  in- 
house. ' 

My coment  to Joe was going to be i f  i t 's  a  pain 
f o r  the  t h ree  or four ni-cad manufacturers who a r e  
arodnd, it is  even more so f o r  t h e  15 o r  sc contractors  
who make b a t t e r i e s .  I t  may be a once-a-year th ing.  

I t h i n k  it would be valuable i f  w e  could g e t  a couple 



of the battery vendors fully into the standardization 
program, not only for cells but for battery assemblies 
becaure I think there is a volume there. 

We have been producing at Lockheed silver-zinc 
bapery cells for boosters and limited-life spacecraft,and 
Marty Gandel probably has the figures on the top of his 
head, but there have been hundreds, probably thouaands of 
batteries produced and at this point it is probably as 
standard a battery as you're going to get in the space 
business. It is so standard the battery people don't get 
involved with procurement or the tests. In many cases, 
the thing may go right down to the base for integration 
and in fact, as recently as I guess the late '60'8, we 
were even doing this with the ni-cad cells and batteries. 

But I think what is a real question to ask here if 
one is a customer, are you going to allow these things to 
be done? 

We already have a military customer who does allow 
it to be done. He say9 "Okay, if that's what it takes to 
make a low-cost battery, then I'm willing to say that I 
don't want to look at the battery data or I'm not going to 
put my conrultants on your deal." 

I don't think NASA ie anxious to put out that kind of 
a policy which would enable the industry to respond to it 
with a low-cost battery. 

FORD: A good point. 

Any other questions or comments? 

MICKELSON: Mickelson, Convair. 

In your cormnittee h w  closely are you working with 
people who generate environmental requirements, for example, 
vibration requirements, because so often they come along 
with a design requirement and you pick out this part and 
you test it and it's all quclified. Then you look at the 
vibration requirement and it is under t ~ e  scope of the 
new vibration requirements. 

H w  closely are you going to attack that? That means 



you a r e  going t o  have to  t u r n  around and t e a t  tha t .  

FORD: We have mechanical p p l e  ar -11 a8 p.ople 
from TcE, t h e  Temt and Engineering group here  a t  Goddard 
t h a t  look a t  that. 

I t  i s  i n t e r e s t i n g  to note  that to contramt the d i f -  
ference from the m i l i t a r y  r e q u i r m e n t  -- and correct ma, 
John, i f  I ' m  wrong her9 -- and the A i r  Force requirement -- 
m i l i t a r y  versus NASA, NASA requi res  usual ly  a random and 
s inuaoidal  v ibra t ion  test on p r a c t i c a l l y  every rubcompo- 
nent and I be l ieve  cu r r en t ly  you only r e q u i r ~  -- 

STRhTON: W e  r equ i re  both. 

FORD: Okay. I thought you only required random. 

STRATON: We requi re  both random and si.nuroida1. I t  
depends upon the  program i n  some cares.  

FORD: The a rea  w e  w i l l  be sc ru t in i z ing  the  hardest  
w i l l  be t h e  t e s t i ng .  After  a t l ,  i f  w e  have made any 
progress,  and I be l ieve  t h a t  w e  have i n  t h e  l a s t  f i v e  
years  or the  l a s t  t en  years  i n  the  qua l i t y  of the  cel l? 
then once you have sealed t h a t  c e l l  you e i t h e r  have a c e l l  
o r  you don' t .  And without the  bene f i t  of a v a i i b  
accelerated test technique a t  t h i s  point ,  t h e  addi t iona l  
t e s t i n g  you can do on the  ba t t e ry ,  from my viewpoint, i r  
s t r i c t l y  a wotkman&ip t e s t i n g ,  )lot j u s t  t he  cells bu t  a 
workmanship t e a t  pr imari ly  of  the  ba t t e ry  fabr ica t ion .  

I think from t h a t  viewpoint w i t h  the good high confi-  
dence l e v e l  i n  the d i s c r e t e  cells t h a t  you procure, I 
think you can se r ious ly  consf.der reducing the  amount of 
t e s t i n g  a t  t h e  ba t t e ry  l e v e l  and simply make i t  a work- 
manship test environment. 

HENDEE: We're t a lk ing  about lowering the  c o s t  of 
cells a s  f a r  a s  commercial s a t e l l . i t e s  go. Probably my 
break-even point  would be f o r  every addFtiona1 year of 
l i f e  I can g e t  ou t  of t h e  ba t t e ry  I can spend a m i l l i o ~  
d o l l a r s  f o r  t h a t  ba t te ry .  

You f igu re  ou t  the vehicle ,  t h e  lauch vehicle ,  the  



satellite cost and, say, project it on a seven-year life- 
time. It doesn't take too much to figure out-- It's 
better than a million dollars a year for better battery 
tests. I think it is probably the limiting life at the 
moment of the commercial spacecraft. 

FORD: I comented in a meeting we had yesterday, an 
internal meeting, that typically our experience is with 
the scientific theory satellites where they are experi- 
mental in nature that the batteries usually are a very 
minor problem during the life of those scientific satel- 
lites, simply because the experiment usually is of an 
experimental nature. 

However, we are also dealing now in quite a volume of 
operational satellites, namely, the weather satellites, 
so life is becoming more and more important. and the eu- 
periment or the levice being flown is still called an ex- 
periment but it is no longer an experiment; it's a proven 
device. It has been flown on one of the early Nimbus or on 
one of the other experimental spacecraft and they know it 
will operate for a long time. 

N o w  in those programs we sre beginning to see that the 
batteries are showing significant deterioration. I'm 
talking about three-, four-, five-year satellites, not two- 
year satellites. But the batteries are showing as 9 weak 
element in the system simply tscause, unlike the experi- 
mental series, the operational satellites are designed to 
operate for geveral years. 

I can honestly say that I am not aware of any failure 
+.hat we've had of an operational satellite because of the 
batteries. We've had some deterioration, very otvious 
deterioration because of battery performance after d ~ u t  
four years. 



IV TEST AND FLIGHT EXPERIENCE: W. WEBSTERIGSFC 

For our next session on Test and Flight Experience 
Bill Webster of our Electrochemical Section will be the 
chairman. I introduce you to Bill Webster. 

WEBSTER: Good morning. Thank you, Gerry. 

Now we move from the future and philosophy into the 
present and facts. 

This section will be on tests, their results, V ~ W  

tests, and some fliqht sxperiences. It will go on after 
lunch. We've had some additional speakera. We will have 
a total of eight speakers. The topics to be covered I 
will enumerate and they will be in the following order: 

State of charge by shase-measuring techniques, by 
Ec Dowgiallo from Fort Belvoir; 

A short test by Sam Bogner; 
Improvements in short testing by Dr. Scott of TRW; 

Accelerated test program currently underway at Crane 
will be presented by Don Mains of the U. S. Navy Ammuni- 
tions Depot at Crane. 

I wil; present some in-house characterization of the 
OSO flight cells. 

Then we will have the effects of reconditioning 
presented by Irv Shulman of TRW. 

Floyd Ford of Goddard  ill be presenting a paper 
titled "Power Module Development Using Third Electrode 
Control. " 

So without further ado I would like to introduce our 
first ~yeaker, Ed Dowgiallo of Fort Belvoir on phase 
measurements and state of charge. 



nIV.1 PHASE MEASUREMENTS AND STATE OF CHARGE: 
E. DOWGIALLO/F. BELVOIR 

DOWGIALLO: What we have tried to do is to relate some 
electrical parameter to state of charge. Since many of the 
batteries in the Prmy ground paravehicle propulsion appli- 
catkons are found to be sealed and only accessible at the 
two terminals, a means of automatic and continuous monitor 
of electrical parameter-related state of charge is very 
desirable. 

An analog signal proportional to this parameter would 
be useful and a field gauge as a means of ending charges 
as an early diagnostic for possible detrimental changes 
and for various control schemes. 

Previously, to measure battery complex impedences, 
a bridge circuit was nulled to various AC frequencies 
during DC discharges typical for an application, Para- 
meter failures were calculated for an assumed equivalent 
circuit based on the bridge setting. 

Measurements were time-consuming and difficult to 
automate. 

A new unit that measures gain and phase was selected 
to overcome this. The unit is a Hewitt-Packard gain phase 
meter model 3575-A. It does not require frequency tuning 
or amplitude setting. Display resolution is .1 of a 
degree. The first slide, please. 

(Slide 14.) 

This is a block diagram of the circuit we used. What 
we have here is a charge loop and a discharge loop, and 
we're programing a . 5  amp RMS current from the battery 
which is to say to and from the battery at all times. 
That's generated by programming this programmable load 
bank with a sine wave. 

The charge supply charges the system at a current 
level determined by this programmable load bznk which 
operates at a constant current and load. 

In discharge this programmable load bank is in 



operation, programmed by a discharge current level which 
is added to the sine wave. 

We have passively coupled amplifiers here, one on the 
shunt monitoring current, the other monitoring HC voltage 
across the battery, and these are fed into two inputs, 
A and B, and then they are converted to phase and analog 
signal proportionate to the phaae angle so that we could 
record continuously the phase angle change. And also we 
can record even the amplitude of A or B on the data ac- 
quisition system. 

The phase lock generator was used because the princi- 
ple of operation of this particular gain phase meter, it 
takes its readings about zero crossing point, so most 
noise seems to be in that region and it seems to generally 
sink with the line. 

So what we did was use the phase lock generator such 
that our readings were not taken where the noise was. We 
can shift it relative to the line. 

The batteries that we used in this were what I guess 
are non-standard 15 ampere ni-cads, high rate types. 

Our purpose here was not so much to find out if this 
would work with ni-cads. I just used the ni-cad batteries 
because they were convenient and relatively inexpensive 
and they could sit around the lab for a while in lulls, 
becausz this was the Director's in-house project,and would 
not be harmed. 

Our purpose here was to see if this would work w i t h  
lead-acid cells after we worked out the technique with the 
ni-cads, and then to go to some molten salt cells. We just 
briefly touched that as a matter of interest to this group, 
I guess. 

So what we actually did then was do meanurements on 
three systems, the ni-cad8, the lead-acid, both the S1I 
starting light ignition automotive type and the fork 
lift type, the fork lift battery type, and molten salt 
cells that we have a contract with the Sohio Company to 
produce. These are a lithium-tellurium-tetrachloride 



system. 

S l i d e  two, p lease .  

( S l i d e  is.) 

This  shows t h e  phase ang le  change dur ing  charge ver- 
s u s  t h e  amp hours a t  1 2 ,  60 ,  and 400 h e r t z  f o r  four  ni-cad 
c e l l s  i n  series a t  1.5 amps f o r  1 3  hours.  A t  60 h e r t z  t h e  
change can be seen t o  be f a i r l y  l i n e a r  i n  t h e  region a f t e r  
about  t h r e e  amp hours.  

S l i d e  t h r e e  shows t h e  d i scharge .  

( S l i d e  16.)  

This is  the  phase ang le  change versus  d i scharge  amp 
hours a t  t h r e e  f requencies  for four  ni-cad c e l l s  i n  
s e r i e s  a t  7 .3  amps t o  one v o l t  p e r  c e l l .  W e  went t o  one 
v o l t  pe r  cell  t o  see what happened when w e  went beyond 1.1. 

And you can s e e  a t  about  15 an? hours what happens 
when you a?proac!l or go throuqh the knee. 

I t  is i n t e r e s t i n r j  h e r e  I guess t o  note t h e  60 and 400 
i l s r t z  a l m s t  have a s t r a i g h t - l i n e  r e l a t i o n s h i p .  

S l i d e  f o u r ,  p lease .  

( S l i d e  17.) 

T h i s  r-hows t h e  phase ang le  versus  amp hours discharged 
at 5C h e r t z  for four  ni-cad cells a t  t h r e e  c u r r e n t s .  That  
is  4 . 1  amps. 

IJote t h e  knee a t  1 4  amp hours again.  I t  s l o p e s  very 
s l i g h t l y  wi th  the  d ischarge  r a t e .  IIowever, t he  phase 
change  pe r  c u r r e n t  l e v e l  is  approximately l i n e a r  a t  .25  
degrees f o r  5 amps. 

These effects could be compens3td f o r  i n  a f u e l  
gaucje u v e l  a wide rdnfje of dischdlcjc c u r r e n t s .  

S l i d e  f i v e .  





(Slide 18.) 

This shows the overlap of charge and discharge as well 
as the linearity for two ni-cad cells in series at 1.5 
amps. And you can see on charge we qo up this line here 
and on discharge we start up here because of the ineffi- 
ciency of the cell, and we come back down here, so they 
overlap fairly well. 

This is amp-hours in, and coming right back aown, amp- 
hours out. 

Next slide, please. 

(Slide 19.) 

One comment, too. I guess we were wondering about 
what would happen on oFen circuit stand times for this 
type of measurements and we let it stand a ,  zero, three, 
and 20 hours, and we noticed that generally there might be 
about a .2 of a degree shift in the beginning of charge. 

;mi we did not test it extensively hut it seems that 
t-li? c u r r e n t  level !?as; an effect on Chis. 

Phase angle cliallge versus discharge amp-hours out per 
cycle for two ni-cads at 1.5 amps at charge and discharge. 
WG charge at 1.5 and discharge at 1.5. This is the lowest 
rate recommended by the manufacturer. These were done at 
:,O degrees Centigrade to 1.1 volts per cell. 

The purpose here was to determine if phase change 
varied with capacity decrease. By operating at below 
current, 1.5 amps, and high temperature, a coarse deposit 
of large crystals are formed on the cadmium plate accord- 
ing to the literature. This causes a reversable battery 
capacity degredation called memory effect. 

Phase range and total capacity followed each other 
as the cells degraded for at least 22 cycles that we ran. 
This correspondence would be important for a fuel gaugea,, L - 
plication. If this held for actual load ~rofiles a aauae 
would actually get true readings of remaining capacity. 



Next mlide. 

( S l i d e  20.) 

A simple electrical c i r c u i t  f o r  the ce l l  would c o n s i s t  
of  a r e s i s t a n c e ,  R, and a small series inductance cellm, 
t y p i c a l l y  10-6, henrys or connectors ,  i n t e r n a l  l eads ,  
and e l e c t r o l y t e  r e s i ~ t a n c e  i n  series wi th  t h e  p a r a l l e l  
combination o f  a l a r g e  c a p a c i t o r ,  C ,  which t y p i c a l l y  is 
s e v e r a l  f a r a d s ,  and a smal l  r e s i s t a n c e ,  Rb. 

The c a p a c i t o r  is a lump r e p r e s e n t a t i o n  of t h a t  p o r t i o n  
of  t h e  double l a y e r  between t h e  e l e c t r o d e s  and t h e  electro- 
l y t e s  which is, t o  some e x t e n t ,  a f f e c t e d  by i o n i c  absorp- 
t i o n  and r e a c t i o n  k i n e t i c s .  

The small r e s i s t a n c e  r e p r e s e n t s  the e f f e c t s  of a c t i -  
v a t i o n  and concen t ra t ion  p o l a r i z a t i o n .  The r e s u l t s  he re  
a r e  pure ly  empi r i ca l .  

The double l a y e r  is  thought  t o  be t h e  main component 
v a r y i n s  wi th  s t a t e  of  charge. A t  f r equenc ies  above 1 2  
h e r t z  t h e  combined e f f e c t  of double a i r  and sound in-  
ductance produces a p o s i t i v e  inducted  phase angle ,  so a t  
most of t h e  f requenc ies  x e  were opera t ing  w e  had an in-  
ductor .  

I t  i s  i n t e r e s t i n g  to  no te  t h a t  when series ni-cad 
cells were removed, t h e  phase ang le  became less p o s i t i v e ,  
which would be l o g i c a l .  

Next w e ' l l  t a k e  a b r i e f  look a t  the lead-acid system. 

Next s l ide,  p lease .  

( S l i d e  21.)  

Here w e  f i n d  t h e  phase ang le  versus  amp-hours o u t  of 
a s i x - v o l t ,  67-amp-hour S L I  b a t t e r y  a t  17 amps. Th i s  is 
a four-hour r a t e  and 3.5 amps t h e r e  a t  t h e  t a i l  end, t h e  
20-hour rate. And s o  we went t o  one vo l t  p e r  cell  i n  each 
case, a t  each rate. 

I t h i n k  it i s  i n t e r e s t i n g  to  see t h a t  t h e  400 h e r t z ,  





whi l e  i t  i s  n o t  a  s t r a i g h t - l i n e  y e l a t i o n s h i p ,  a t  l e a s t  i t  
does  seem t o  fo l low some r easonab le  r e l a t i o n s h i p .  

A l s o ,  w e  broke t h i s  down, t h e  400 h e r t z ,  j u s t  t o  see 
what was happening, i n t o  t h e  r e a c t i v e  and r e s i s t i v e  compo- 
n e n t s .  And t h e  r e a c t i v e  component, w h i l e  it is  f a i r l y  
f l a t  u n t i l  you g e t  o u t  t o  where t h a t  knee b e g i n s  to  occu r  
i n  t h e  amp-hours t h e r e ,  t h e  r e s i s t i v e  component fo l lowed 
c o n d u c t i v i t y .  

Next s l i d e .  

( S l i d e  22.;  

Here w e  have phase a n g l e  v e r s u s  amp-hours on a 150 
amp-hour f o r k l i f t  t r u c k  b a t t e r y  a t  t h e  s i x  hour-- I t ' s  
150 amp-hours a t  t h e  s i x  hour r a t e ;  t h a t ' s  how t h e y  r a t e  
it. I t ' s  a  f o r k l i f e  t r u c k  b a t t e r y .  

W e  charged it a t  e i g h t  amps t o  f i v e  v o l t s ;  i t ' s  2 .5  
v o l t s  p e r  ce l l ,  and d i scha rged  it a t  2 5  amps t o  3.5 v o l t s .  

I t h i n k  it 4s i n t e r e s t i n g  ;wrc to note t ! :~  l i n w r i t ) '  
of t h t ?  c I ~ u ~ c '  r!U?,'Vr? t-) tile cns.?l- of q :? s .~ j : r c , .  :;oh' 
qt.;.e?:all_~ 4 . t  i s  t i : ~ ~ ; ~ ! ; l i :  153t ~ j 3 3 ~ i r ~ r - j  st;:rtr, ;it r'..Sout 2 . ?  
volts so you can't u s u a l i y  ohse rve  i t  u n t i l  a l i t t l e  a f t e r  
t h a t ,  and somewhere between 2 . 2  and 2 . 3  you a r e  d e f i n i t e l y  
i n  g a s s i n g .  And I t h i n k  you can  see t h e  e f f e c t  t h a t  h a s  
on t h e  cu rve .  

You can  see t h a t  t h e  d i s c h a r g e  i s  s i m i l a r ;  a t  l e a s t  
you might s a y  i t ' s  a  s i m i l a r  d i r e c t i o n ,  b u t  t h e  cha rge  is 
a c t u a l l y  i n  t h e  o p p o s i t e  d i r e c t i o n  w i t h  a  n i -cad ,  which is 
i n t e r e s t i n g .  

A l s o ,  phase measurements seem t o  g i v e  some more mean- 
i n g f u l  c o r r e l a t i o n s  t h a n  j u s t  s imp le  ampl i tude  measures 
a c r o s s  t h e  b a t t e r y  w i t h  l ead -ac ids  which d i d n ' t  seem t o  
change very  much. 

Next s l i d e .  

( S l i d e  2 3 . )  



FIGURE 22 

FIGURE 23 



T h i s  is a=- J u s t  t a k e  a b r i e f  look.  W e  had a molten 
s a l t  cell be ing  t e s t e d  t o  n e a r  t h e  end  of its c y c l e  l i f e ,  
and so w e  hooked up o u r  test equipment t o  it to  see what  
would happen. 

Here w e  charged it a t  f i v e  amps t o  3.25 vol ts  and 
d i s c h a r g e d  it to  two vo l t s ,  and t h i s  i s  t h e  d i s c h a r g e  re- 
s u l t s .  Normally t h e  cell d o e s  n o t  d i s c h a r g e  below 2 .4  
v o l t s ,  s o  you can  see t h a t  a f t e r  2 . 4 ,  w e  have a n o t i c e -  
a b l e  change. Apparent ly  t h e r e  we're going  through a win- 
dow i n  which some c o n s t i t u e n t s  a r e  t i e d  up. 

W e  t r i e d  normaliy  n o t  t o  go  through t h a t  b u t  I wanted 
t o  see what would happen h e r e  i f  w e  d i d .  

I n  conc lus ion ,  t h e  ni-cad system demonstrated t h a t  
phase change does  r e l a t e  t o  t h e  c a p a c i t y  avai1ab:e even 
under c o n d i t i o n s  where c y c l e  d e g r a d a t i o n  i s  s i g n i f i c a n t .  

U s e  of  phase measurements f o r  s t a t e  o f  cha rge  and end 
of  cha rge  c o n t r o l  appea r s  p o s s i b l e .  The SLI lead-ac id  
b a t t e r y ,  400 h e r t z ,  dec rease3  con t inuous ly  w i t h  ampere- 
hours  o u t  w h i l e  t h e  f o r k l i f t  b a t t e r y  had a f a i r l y  l i n e a r  
r c l a t i o n s 1 . i ~ )  03 charge. 

'il!le molten s a l t  sy s t em ' s  phase a n g l e  b a t t e r i e s  de- 
c r e a s e d  and r e a c t i o n  changes c a n  b e  d e t e c t e d .  Phase 
measurements may be u s e f u l  a s  a d i a g n o s t i c  t o o l  f o r  s t a t e -  
of-charge c o n t r o l  schemes, ending cha rges  o r  d i s c h a r g e s  
f o r  v a r i o u s  s t u d i e s  i n  t h e  molten s a l t  and l ead -ac id  
s y s  terns. 

T h a t ' s  it .  

WEBSTER: Thank you, Ed. 

A r e  t h e r e  any q u e s t i o n s ?  

GASTON: Gaston, Grumman. 

The nickel-cadmium cells you used for t e s t i n g ,  were 
t h e s e  t h e  open type  or were they  t h e  s e a l e d  tyne? 

DOWGIALLO: They were t h e  vented  s e a l e d  type .  



GA5TON: Would you expect a similar phase-change 
correlation in sealed cells? 

DOWGIALLO: There is reason to believe there would 
be. 

WEBSTER: How do you think the effect of oxygen pres- 
sure as you saw in the lead-acid, your gassing taking 
place-- Do you think _?ou would pick this up? 

DOWGIALLO: There is reason to believe you would pick 
that up, yes. There has other work been done in other 
areas that would make you think that that's true. 

CORBETT: At the frequency that you're working at, 
when you see a change in phase angle, isn't that really -- 
or let's say doesn't that really reflect the change in cell 
resistance balanced against the relatively conetant series 
inductance that you have in the cell? 

In other words, doesn't it-- It is amplification of 
the resistance factor nostly, isn't it? 

! L O :  They arc :>ot!l in there. If you sit down 
~tn l l  wcxl; it out you end u:? being-- lLly prlase readings were 
inducted above 12 '-.~rtz so it is not so much resistance, 
I would think, as the inductance effect combined with the 
capacities at that frequency. 

CORBETT: What I meant was it is my experience that the 
inductance, regardless of the state of charge, if you just 
look at-- 

DOWGIALLO: It is fixed. 

CORDETT: Arld you still have the 20 db line; okay. 
And so what is really controlling the phase is what is the 
resi,stance more than anything. It is even less than the 
capacitance. 

What I'm trying to say is the capacitance is insigni- 
f icant. 

DOWGIALLO: I thought it was the capacitance, myself. 



In fact, in the lead-acid system *re did break it down into 
its components and wrr found that the reri~tive component 
followed the conductivity exactlyi at lecst what I would 
think from looking at some of the references on that, it 
seemed to follow those curves while the reactive component, 
at.least at 400 hertz, it seemed to vary somewhat. 

It'8 fairly flat. It comes down like thir and it'n 
fairly flat, and then it begin8 to go down like that. 
(Demonstrating.) You can probably work out some kind of 
a system if you had some circuit that would take those two 
things and know where you are at any point and give you a 
readout. 

CORBETT: I think if you did some analyses that 
assumed that you had a frequency-dependent resistor, you 
know, kind of like a third-order term, it wc,~ld make a lot 
more sense. I think the literature has reported that 
there is that kind of an effect. It is not an RCL sort of 
thing. 

ROGERS: Rogers, Hughes Aircraft. 

I noticed in the original circuit I believe you used 
two amplifiers wit3 five microfimd and 15,000 ohm resis- 
tors where you get phase shift at about 60 hertz. Is that 
intentional? 

DOWGIALLO: No, that'r not intentional. The real pur- 
pose there was just simply to decouple the DC compownt. 

ROGERS: In that event, if your capacitx ir a typi- 
cal capacitor of that size, it's not going to be terribly 
rtable and you're going to get some phase 8hift jurt from 
room temperature drifting. 

DOWGIALLO: We put thin into the oven, the particular 
capacitors that we used. I forget what they were but we 
did try several capacitors and we had this in an oven and 
checkedr and it did not have a significant effect. 

STOFEL: Stofel, Hughes Aircraft. 

We have had some experience at Hughes similar to this. 



Also, I had some a t  Aerospace before going to  Hugher.. And 
i n  both cases we saw a fairly l a r g e  d i f fe rence  between the 
c e l l ,  depending upon what i ts  previous n icke l  h i s t o r y  has 
been. 

That one Vugraph you had there- 

DOWGIALLO: I went t o  an extreme on t h e  one there ,  
low current ,  very lw cur ren t ,  high temperature. 

STOFEL: I guess my question is have you t r i e d  vary- 
ing o ther  th ings  with ni-cads? Do you have a bigger ex- 
perience on d i f f e r e n t  t y s s  of cycles? 

DOWGIALLO: No. This was a r a the r  l imi ted time-type 
thing. We d id  not go i n t o  it-- I hoped somebody would go 
on with it. 

STOFEL: One comment o r  question t h a t  was raised- 
The experiences I 've  had happened t o  be i n  t he  50 amp-hour, 
45  amp-hour type c e l l s ,  and they were sealed,  f l ight- type 
ni-cads, and indeed t h e r e ' s  a phase s h i f t  and an amplitude 
s h i f t .  

There is some question whether it is usable as a fw.1  
gauge, a s  you c a l l  it, because of the  dependency upon 
pas t  h is tory.  It  may, however, be a good diagnost ic  -- 
~.?rhaps  a b i t  expensive bu t  a good diagnost ic  t o o l  i n  terms 
of knowing something about your ba t t e ry  i n  addi t ion t o  the  
s t a t e  of your charge. 

. DOWGIALLO: W e  looked i n t o  some r e l a t i v e l y  inexpen- 
s i v e  c i r c u i t s  and the re  apparently a r e  some- W e  d id  t ry  
one phase de tec tor  c i r c u i t  with two off-amps and you 
ac tua l ly  had a window cont ro l led  by one, say A, with the  
cur ren t  input  which would cont ro l  t h e  B input t o  the  o ther  
one, turning it on and o f f ,  and had an in tegra tor  a f t e r  
t h a t  one which would give you voltage proport ional  t o  
phase, and it was very inexpensive. And there  a r e  a l o t  of 
o ther  ways t o  do it. 

STOFEL: With regard t o  t h a t ,  a t  t h e  Aerospace the  
work was such t h a t  we ta lked t o  a c i r c u i t  designer and he 
happened t o  have a phase de tec tor  he was using fo r  another 



purpose.  I t  was e s s e n t i a l l y  a f l i g h t - q u a l i f i e d  l i t t l e  
u n i t .  I t  weighed ounces  a t  most,  used l o w  power, and i f  
t h e  b a s i c  e l e c t r o c h e m i s t r y  was such  t h a t  you c o u l d  u s e  it 
a s  a f u e l  gauge, t h e r e  would b e  no  d i f f i c u l t y  i n t e r r o g a t i n g  
t h e  b a t t e r y  d u r i n g  cha rge  or d i s c h a r g e  as w e l l  as q u i e s c e n t  
p e r i o d s .  

So i t ' s  a good approach i f  the b a t t e r y  w i l l  o n l y  be- 
have reproduceably ,  and t h a t  ev idence  we d i d n ' t -  

DOWGIALLO: Tha t  would r e q u i r e  q u i t e  a b i t  o f  t e s t i n g  
I would f e e l .  

GROSS: Gross, Boeing Company. 

Th i s  basic approach does have some v e r y  i n t e r e s t i n g  
p o s s i b i l i t i e s .  I t  was pursued a t  Boeing f o r  a p p l i c a -  
t i o n s  n o t  w i t h  b a t t e r i e s  b u t  f o r  t h e  purpose of charac-  
t e r i z i n g  s u r f a c e s  o f  aluminum, and it h a s  been r e p o r t e d  i n  
t h e  l i t e r a t u r e .  

I t  was c a r r i e d  o u t  i n  ex t remely  g r e a t  d e t a i l  t o  a  
ve ry  c o n p l c t s  s t a t e  I thought .  Some o f  t h e  t h i n g s  t h a t  
wcr~? ,'one were t o  u se  an  extremely w i d e  range of f r e -  
::uencies and to  break o u t  t h e  r e s i s t i v e  and c a p a c i t i v e  
inducted  e lements .  

And a s  Bob C o r b e t t  p o i n t e d  o u t ,  r e s i s t a n c e  is 
frequency-dependent and t h i s  must be accounted f o r .  

For t hose  whc might be i n t e r e s t e d  i n  pu r su ing  t h i s  
f u r t h e r  I ' d  be g l a d  t o  f i n d  t h e  r e f e r e n c e  f o r  them. 

!WBSTER: Any f u r t h e r  q u e s t i o n s ?  

E d ,  thank you very much. 

Our n e x t  speake r  will be Sam I3ogner o f  J P L ,  and h e ' l l  
be t a l k i n g  :bout o u r  s h o r t  test ,  cha rge  r e t e n t i o n  t e s t ,  
au thored  by Bogner and Uchiyama. 



( S l i d e  24 .) 

3 y  d i s c u s s i o n  t h i s  morning i s  on t h e  i n t e r n a l  s h o r t  
t::sting o f  nickel-cadmium cells. A l a r g e  p o r t i o n  of  t h i s  
work was to  s u p p o r t  t h e  Viking p r o j e c t .  Jet P ropu l s ion  
Labora tory  is  r e s p o n s i b l e  f o r  t h e  Viking o r b i t e r  system 
which is  p a r t  o f  t h e  o v e r - a l l  Viking p r o j e c t  managed 
f o r  NASA by t h e  Viking p r o j e c t  o f f i c e  a t  t h e  Langley 
Research Cen te r .  

T h i s  p a r t i c u l a r  d i s c u s s i o n  was p r e s e n t e d  e a r l i e r  t h i s  
yea r  a t  t h e  IECEC b u t  it was sugges t ed ,  s i n c e  t h e r e  were 
n o t  t o o  many b a t t e r y  pe r sonne l  a t  t h a t  meet ing,  t h a t  it be  
p r e s e n t e d  aga in .  A l s o ,  it missed t h e  p u b l i c a t i o n  o f  t h a t  
meet ing,  s o  I d o  have some pape r s  w i t h  more d a t a  t h a n  I 
w i l l  p r e s e n t  h e r e  up on t h e  f r o n t  t a b l e  i f  anybody wants  
t o  p i ck  one up. 

Next s l i d e ,  p l e a s e .  

rp. ' - n i s  ;.lorning t ~ c  w i l l  Ilave i\ brief i n  t roGuc t ion ,  sor:.e 
oE t h e  p rob ie~n  i n v r s t i : j a t i o n ,  the background, a suimary 
of some of  t h e  ce l l  a u t o p s i e s  t h a t  w e  went th rough,  a 
summary o f  t h e  test program and r e s u l t s ,  and c o n c l u s i o n s  
from t h e  program. 

Okay, n e x t  s l i d e .  

An i n t e r n a l  s h o r t  test ,  I t h i n k  a s  most. o f  you know, 
h a s  been used by most u s e r s  o f  ni-cad cel ls ,  and t h e  sub- 
j e c t  h a s  been d i s c u s s e d  a t  many of  t h e  Goddard Space 
F l i g h t  b a t t e r y  workshop meet ings .  But r e a l l y ,  t h e r e  h a s  
n o t  been much d a t a  pub l i shed  and p u t  i n  t h e  l i t e r a t u r e  on 
some of  t h e  r e s u l t s  of  t h e  tests. 

I c o u l d n ' t  f i n d ,  a c t u a l l y ,  t h e  o r i g i n  o f  t h e  tests. 
Perhaps  somebody i n  t h i s  rocm knows how it o r i g i n a t e d .  
On p a s t  programs w e  had abou t  a one t o  two p e r c e n t  f a i l u r e  



rate on cel ls  p a s s i n g  t h e  s h o r t  test, and t h e  c a u s e  o f  t h e  
f a i l u r e s  were n o t  a lways de te rmined .  

On t h e  Viking o r b i t e r  '75 program w e  r an  i n t o  abou t  
a s i x  p e r c e n t  f a i l u r e  rate on t h e  f i r s t  l o t  o f  100 cells, 
b u t  t h a t  wasn ' t  so bad. The prcblem was t h a t  t h e y  w e r e  
f a i l i n g  a f t e r  t hey  were b u i l t  i n t o  b a t t e r i e s ,  and t h e  con- 
s t r u c t i o n  o f  t h i s  b a t t e r y  is  p r e t t y  d i f f i c u l t  t o  remove 
cells from, so t h e  p r o j e c t  management became q u i t e  con- 
cerned .  

W e  a r e  also d e a l i n g  w i t h  a  new ce l l  s i z e  which is 
r a t e d  a t  30 ampere-hours and a c t u a l l y  d e l i v e r s  approxi -  
mate ly  36 ampere-hours. I n i t i a l l y  t h e r e  w e r e  100 cel ls  
b u i l t  f o r  development cells, and t h e  f l i g h t  program i n -  
vo lved  approximately 350 cells.  

The b a t t e r y  w a s  assembled and t e s t e d  and t h e  cells 
w e r e  purchased by TRW a s  t h e  s u b c o n t r a c t o r  t o  E l e c t r o -  
o p t i c s  Systems who w a s  t h e  power subsystems c o n t r a c t o r .  

Vext s l i d e ,  n l e a s e .  

Okay.  A s  v:e s t a t e d  before, :re had akout six ? a i l u r e r  
o u t  o f  t h e  f i r s t  100 f l i g h t  ce l l s  t h a t  w e  r e c e i v e d  and 
f o u r  of t h e s e  f a i l u r e s  occu r red  a f t e r  t h e  b a t t e r i e s  were 
assembled. 

W e  removed some of  t h e s e  cells from t h e  b a t t e r i e s  and 
a l s o  some of  t h e  f a i l e d  c e l l s  t h a t  we found i n  t h e  scrcen- 
i n g  t e s t  f o r  au topsy ,  and w e ' l l  show a few p i c t u r e s  of  the 
c e l l  a u t o p s i e s  a l i t t l e  l a t e r .  

W e  c o n t a c t e d  s e v e r a l  o t h e r  u s e r s  around t h e  coun t ry  
to  s e e  i f  t hey  were having  s i m i l a r  problems. We h e l d  a  
t e c h n i c a l  review a t  the rnanufacturcr ,  and o u t  of t h o s e  dis- 
c u s s i o n s  and mcet ings  w e  ilnplen~ented a quick  t e s t  proqrarn. 

Okay, the n e x t  s l i d e ,  p l e a s e .  

( s l i d e  28.) 
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T h i s  is a qu ick  sumnary of  t h e  r e s u l t s  o f  t h e  cel l  
au topsy .  I t  was thought  t h a t  p o s s i b l y  t hey  might  have 
h i g h  n i t r a t e  c o n t e n t  which would have some e f f e c t  o n  t h e  
cha rge  r e t e n t i o n  o r  t h e  s h o r t  tes t ,  b u t  t hey  now showed 
t h a t  t h e  n i t r a t e  c o n t e n t  was v e r y  low; t h e  c a r b o n a t e  con- 
t e n t  was r e l a t i v e l y  l o w .  

W e  d i d  f i n d  t h a t  a l l  p l a t e  t h i c k n e s s e s  w e r e  a t  t h e  
t o p  s i d e  o f  t h e  l i m i t s  f o r  c e l l  assembly.  The n e g a t i v e  
p l a t e  l oad ing  i n  some ce l l  l o t s  was s l i g h t l y  o v e r  s!)cci- 
f i c a t i o n .  G e n e r a l l y ,  c e l l  c o n s t r u c t i o n  and t h e  w o r k ~ w n -  
s h i p  was good. 

One t h i n g  w e  found was cadnium d e p o s i t s  a s  s t r i p e s ,  
and w e  have a  p i c t u r e  of t h a t ,  i n  t h e  s e p a r a t o r s ,  and 
t h e s e  were new cells  and n o r n a l l y  you d o n ' t  see c a c l ~ '  ., 1 ~ 1 - 2  

i n  t h e  s e p a r a t o r  on new ce l l s  t h a t  have had approximate ly  
o n l y  39 c y c l e s .  

I n  t h e  a r e a  of  t h e s e  cadmium d e p o s i t s  on t h e  separa-  
t o r  o p p o s i t e  on t h e  n e g a t i v e  p l a t e  w e  found d i s c o l o r e d  
s u r f a c e  h y d r a t e s  and w e  a l s o  founcl i n t e r s t i t i a l  m a t e r i a l  
in t2.e s ~ ; . ~ a r a t o r  ~ i l i c h  was a cadni im cw~nounci. 

I i :  c s l l i  ;.:c :IOU:-r.! a l i t t i e  i n  the se;mr '1 t ~ s ,  
and i n  one of the ~ c v e l o p i n c n t a l  cc l l s  we found a p la te -  
t o - p l a t e  s h o r t .  

Next s l i d e ,  p l e a s e .  

( S l i d e  2 9 . )  

T h i s  i s  t h e  cadium d e p o s i t  t h a t  w e  saw i n  some of  t h e  
cel ls  t h a t  f a i l e d  the s h o r t  test .  W e  a l s o  saw s i m i l a r  
dep0si t . s  i n  cells t h a t  pa s sed  t h e  test  b u t  t h e y  w e r e n ' t  
q u i t e  a s  heavy as t h i s  one.  

You' re  l ook ing  a t  t h e  bottom r i g h t  h e r e .  

W e  a l s o  saw some s t r i p e s - -  I d o n ' t  have a p i c t u r e  of 
it -- n e a r  t h e  t o p .  

Next s l i d e ,  p l e a s e .  



( S l i d e  30.) 

This  is an  SEM photo of t h e  m a t e r i a l  i n  t h e  s e p a r a t o r .  
W e  d i d n ' t  analyze  e x a c t l y  what t h e  m a t e r i a l  is  b u t  w e  do 
know it is  a cadmium compound, probably cadmium hydro- 
x ide .  I f  it had been cadmium when we opened t h e  c e l l  it 
was done i n  t h e  atmosphere so it would have oxidized  
r i g h t  away. 

The nex t  s l i d e  -- 
( S l i d e  31. ) 

-- shows a photograph of t h e  p l a t e - t o - p l a t e  s h o r t s .  There 
you can see a p o s i t i v e  p l a t e  s t i c k i n g  up o u t  of t h e  separa-  
t o r  bag a n d  touching t h e  nega t ive  t e rmina l  coming up, and 
t h e r e  i s  a l s o  one he re ,  and o o s s i b l y  one over  here .  

Now t h a t  p a r t i c u l a r  cel l  passed t h e  i n t e r n a l  s h o r t  
tes t  and it was d iscovered  about  s i x  months l a t e r .  

Next s l i d e ,  p lease .  

The test methods t h a t  w e  used on t h i s  program were 
b a s i c a l l y  those  t h a t  TRW had used and a l s o  J P L  had used 
on a previous  Mariner-Mars '71 program. 

Bas ica l ly  t h e  c e l l  is  discharged a t  t h e  C/2 r a t e  t o  
approximately one v o l t ,  and then it is shor ted  wi th  a  h a l f  
ohm r e s i s t o r  f o r  16 hours,  o r  t o  a  .2 v o l t s  and then it is 
dead shor ted  f o r  16 hours.  Then it is  given a charge a t  
15  amps f o r  60 seconds and i t ' s  placed on an oGen c i r c u i t  
s t and  and t h e  v o l t a y e  a t  t h e  end of the 24-hour s t and  
per iod  is supposed t o  be about 1.19 v o l t s .  

This  p a r t i c u l a r  test  is performed a f t e r  31 c y c l e s  a t  
15 percent  d e l t a  d i scharge ,  four  c y c l e s  a  day. 

The o t h e r  primary t e s t  which is being used i n  t h e  
indus t ry  I guess is t h e  Goddard space F l i g h t  Center t e ~ t  
and t h e  one used a t  NAD Crane on a l l  t h e i r  t e s t i n g  where 
t h e  c e l l  is discharged and is  shor ted  wi th  one ohm f o r  16 





hours  and then  p l aced  on an  open c i r c u i t  s t a n d ,  and t h e n  
t h e  v o l t a g e  a t  t h e  end of  24 hour s  must be  above 1.15 
v o l t s .  

Then w e  s t a r t e d  do ing  a  new tes t ,  a  cha rge  r e t e n t i o n  
test .  I n  t h e  p a s t  a l o t  of  people  have r e f e r r e d  t o  t h e  
s h o r t  tes t  a s  t h e  charge  r e t e n t i o n  t e s t ,  and I would l i k e  
t o  make s u r e  w e  d i s t i n g u i s h  between t h e  two because  t h e  
s h o r t  test I d o n ' t  b e l i e v e  h a s  much r e l a t i o n s h i p  t o  t h e  
a c t u a l  charge  r e t e n t i o n  o f  t h e  ce l l .  

So i n  t h e  charge  r e t e n t i o n  t e s t  w e  cha rge  t h e  cel l  up 
completely  from z e r o  t o  t e n  range  a t  20 hour s ,  and s t a n d  
open c i r c u i t  f o r  seven days ,  and t h i s  was u s u a l l y  a t  room 
tempera ture ,  and then  w e  r eco rd  t h e  open c i r c u i t  v o l t a g e  
a t  12-hour i n t e r v a l s  d u r i n g  t h e  seven-day s t a n d ,  and t h e n  
t h e  ce l l  is d i scha rged  a t  t h e  C/? r a t e ,  and t h a t  c a p a c i t y  
c y c l e  is  then  compared to a  p rev ious  c a p a c i t y  c y c l e  done 
on t h e  ce l l .  And i f  you want t o  make a  double-check you 
can a l s o  run  a  second c a p a c i t y  c y c l e  a f t e r  you do t h e  
charge  s t a n d  p e r i o d .  

i e x t  s l i d e .  

Th i s  i s  t h e  o u t l i n e  of  t h e  t e s t  program t h a t  w e  went 
through.  We had 48 cells ready  t o  go i n  t h e  b a t t e r i e s  
when w e  s t a r t e d  running  i n t o  ou r  problems s o  w e  performed 
t h e  s h o r t  tests on t h o s e  a g a i n ,  and a seven-day cha rge  
r e t e n t i o n  test. 

We had two b a t t e r i e s  assembled. We performed t h e  
s h o r t  test and also t h e  seven-day cha rge  r e t e n t i o n  test  on 
t h o s e .  Then w e  had seven  cells t h a t  w e  d i d  more e x t e n s i v e  
t e s t i n g  on. W e  t r i e d  bo th  t h e  VO-75 ~ \ o r t  tes t ,  t h e  
Goddard s h o r t  test, t h e  cha rge -accep tmce  seven-day s t a n d ,  
and an a d d i t i o n a l  31  c y c l e s ,  and t h e n  w e  r e p e a t e d  t h o s e  
tests a g a i n  a f t e r  go ing  through an  a d d i t i n n a l  31-cycle 
pe r iod .  

We had 14 cells a t  J P L  t h a t  w e  r a n  s i m i l a r  tests on. 
A t  l e a s t  seven o f  t h o s e  cells were of  t h e  f l i g h t  v a r i e t y  

&.. ., .. i 



and t h e  o t h e r  cells were p a r t  o f  t h e  100 develapmental  
cells  t h a t  had been b u i l t  a y e a r  p r i o r  to  t h e  f l i g h t  c e l l s .  

W e  a l s o  had t w o  '7.1 b a t t e r i e s  t h a t  had been on t e s t  
f o r  about  f o u r  y e a r s  and t h e s e  were st i l l  on  a t r i c k l e  
cha rge ,  and w e  dec ided  to  see how t h e y  would perform on 
t h e s e  tests. 

And t h e n  Crane had two cells,  and D r .  Floyd Ford,  
and t h e s e  cells were d e s i g n a t e d  o u t  o f  a pack, 50-B, a t  
Crane,  and t h e  test d a t a  on t h e s e  cells is i n  one of t h e i r  
r e p o r t s .  

These t w o  cells had exceeded 29,000 c y c l e s  a t  25 per -  
c e n t  d e p t h  o f  d i s c h a r g e .  They were s i x  ampere-hour cells 
and t h e y  had been on a 90-minute c y c l e .  So you can  see 
t h e  tests t h a t  were performed on t h o s e  cel ls  a t  Crane. 

Okay, some o f  t h e  test r e s u l t s  then .  Next s l i d e ,  
p l e a s e .  . 

( S l i d e  3 4 . )  

Th i s  sun rwr i zes  t h e  seven-clay charge  r e t e n t i o n  t e s t s  
t h a t  were run. 

On t h e  4 8  cells,  a l l  o f  t h o s e  were between 33 and 86 
p e r c e n t  cha rge  r e t e n t i o n .  The t w o  b a t t e r i e s  o f  c o u r s e  was 
based on t h e  f i r s t  cells t o  go t o  one v o l t ,  and they  were 
85 and 87 p e r c e n t .  

The seven  cells,  a f t e r  an a d d i t i o n a l  31 c y c l e s ,  
ranged from 68 t o  83  p e r c e n t ,  and two cel ls  o u t  o f  t h a t  
group o f  seven f a i l e d  t h e  s h o r t  test. 

The 14 cells t h a t  w e  t e s t e d  a t  JPL-- W e  were t r y i n g  
t o  de te rmine  a method p o s s i b l y  t o  a c c e l e r a t e  t h e  s h o r t i n g  
o r  t h e  problem t h a t  was c a u s i n g  t h e  a p p a r e n t  s h o r t s ,  s o  
t hey  were p u t  on an  a c c e l e r a t e d  cha rge .  They were charged 
a t  t h r e e  amps a t  120 d e g r e e s  f o r  28 days ,  and t h e n  they  
performed a s h o r t  test and cha rge  r e t e n t i o n  t e s t .  

They show a h igh  cha rge  r e t e n t i o n  r e s u l t  b u t  t h a t  was 
because they  a c t u a l l y  ga ined  i n  c a p a c i t y  d u r i n g  t h e  28-day 



charge.  

And then t h e  two cells a t  Crane t h a t  had gone through 
29,000 c y c l e s  only  had 55 pe rcen t  charge r e t e n t i o n  i n  t h e  
seven-day s t and ,  b u t  both of  those  cells passed t h e  s h o r t  
test. 

We performed both types  of  s h o r t  tests, t h e  Goddard 
method and t h e  TRW method, on a  l o t  of t h e s e  tests and i n  
a l l  c a s e s  when a cell  f a i l e d  one test it f a i l e d  t h e  
o t h e r .  I f  they passed, they passed both tests. 

Next s l i d e ,  p lease .  

( S l i d e  35.)  

This  j u s t  shows a  t y p i c a l  p l o t  of t h e  open c i r c u i t  
vo l t age  dur ing  t h e  seven-day s t and  test .  Some people have 
a l s o  suggested t h a t  you can use  -- and I guess t h a t ' s  i n  
t h e  most r e c e n t  Goddard spec  now, t h a t  t h e  c e l l s  o u t  of  a 
given test  group should be p l u s  o r  minus f i v e  m i l l i v o l t s  
of t he  averaTe. 

T e n e r a l l y  l V o u ' l l  see s l i q h t l y  l e s s  than a ten r ~ i l l i -  
v o l t  s;?reaci out of a l a r q e  vroup of c e l l s  on the seven- 
Gay s tand  test. Actual ly ,  the  temperature I t h i n k  p l a y s  
an important  p a r t ,  s o  al though t h i s  test temperature was 
over  a  t h r e e  degrees  C.  range,  I th ink  you should attempt-- 
I f  you ' re  r e a l l y  going t o  spec  them you should hold t h a t  
temperature t o  p l u s  o r  minus one degree.  

Next s l i d e ,  p lease .  

This  i s  a  p l o t  of t h e  cel l  p o t e n t i a l  a t  t h e  end o f  
t h e  seven-day s t a n d  test ve r sus  t h e  c a p a c i t y  r e t e n t i o n .  
These two c e l l s  were t h e  ones t h a t  f a i l e d  t h e  s h o r t  test. 
A l l  t h e  o t h e r  cells passed t h a t  test .  

~t looks  l i k e  we've g o t  a  r e a l  good c o r r e l a t i o n  here .  
However, t h i s  test  was repeated .  Another 31 c y c l e s  was 
p u t  on i t ,  except  one c e l l  was removed f o r  autopsy,  and 
we d i d n ' t  g e t  any c o r r e l a t i o n  on t h e  nex t  test. 
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At the cell autopsy it was difficult to look in and 
ray "There's the short." 

Next slide, please. 

(slide 3 7 . )  

Now we thought that we were getting identical cells 
on the flight build as the developmental cells, and this 
is a plot of the discharge of some of the typical cells 
after the 28-day three-amps charge at 120 degrees. 

You can see on the developmental cells you've got a 
typical discharge but on the flight cells we've got a dip 
out here at about the last 25 percent on the discharge 
curve, so the cells weren't identical and I don't know the 
specific reason for that. People have made suggesti~ns. 

Next slide, please. 

(Slide 38.) 

This is just a typical plot of two of the cells that 
failed the charge retention or the short test. One of 
t h c n  shows s plot of the Gocldard short test and the other 
is a TKW short test where a little bit of charge is put 
back in. 

The interesting thing about this is on the Goddard 
test, the cell voltage actually recovered and then dropped 
back down, so if it had a short in it nahss you wonder why 
it would recover from a short down with the resistor. 

N e x t  slide, please. 

(Slide 39.) 

This slide summarizes the charge efficiency test. 
Some people had suggested that at the low end or zero 
state of charge, the charge efficiency was a possible 
reason for the cell not passing the short test, and they 
also indicated thdt the charge efficiency was probably 
low. 





So t h e  tests t h a t  w e  r a n  were a  C/2 f o r  one and two 
minutes ,  and a  C/10 f o r  s i x  and 12 minutes .  

Now i n  t h e  p a s t  programs t h e  C/10 rate f o r  s i x  min- 
u t e s  had been used,  and on t h e  V i k i r g  program it was 
changed t o  C/2 f o r  one minute .  The r ea son  f o r  t h a t  was 
s t a t e d  t h a t  t h e  charge  e f f i c i e n c y  would be b e t t e r  a t  a  
h ighe r  r a t e .  

W e l l ,  t h e  r e s u l t s  v a r i e d  from 15 t o  42 p e r c e n t .  The 
r a t e  d i d n ' t  seem t o  make much d i f f e r e n c e  and whether  you 
went one minute ,  two minutes ,  s i x  minutes ,  or 12 minutes  
d idn ' t .  seem t o  make much d i f f e r e n c e .  So t h e  cha rge  t i n e  
had no e f f e c t .  

A c t u a l l y  t h e r e  was no c o r r e l a t i o n  between t h e  cha rge  
acceptance  and t h e  f a i l e d  cells. 

Ac tua l ly  t h e  t w o  cel ls  t h a t  had been on t h e  29,000 
c y c l e  t e s t  a t  Crane gave abou t  t e n  p e r c e n t  cha rge  e f f i -  
c i ency  and they  passed t h e  test. 

Xext s l i d e ,  p l e a s e .  

W e  dec ided  t o  t a k e  a  look  a t  what s i z e  s h o r t  a r e  w e  
r e a l l y  d e t e c t i n g  on t h e s e  tests, so on t h e  seven-day 
charge  s t a n d  test o r  t h e  cha rge  r e t e n t i o n  test ,  how 
s e n s i t i v e  is t h i s  t e s t ?  

Well, i f  w e  assume i n  o u r  p a s t  t e s t i n g  t h a t  t h e  low- 
est c e l l  l o s t  12 p e r c e n t  beyond t h e  normal l o s s  o f ,  s a y ,  
80 p e r c e n t ,  you can  c a l c u l a t e  t h a t  t h i s  comes o u t  t o  about  
50 ohms s h o r t .  

On t h e  s h o r t  test ,  i f  w e  assume t h a t  30 p e r c e n t  o f  
our  charge  is going  i n t o  cha rg ing  t h e  e l e c t r o d e  and 
assume t h a t  t h e  ce l l  v o l t a g e  d u r i n g  t h e  24-hour s t a n d  i s  
a t  l e a s t  one v o l t ,  and assume t h a t  t h e r e  is no s e l f -  
d i s c h a r g e ,  t h e  r e s u l t  is approximate ly  a 300-ohm s h o r t .  
So t h i s  g i v e s  you s~me i d e a  o f  t h e  magnitude o f  t h e  s h o r t  
d e t e c t i b l e  by t h e  t w o  d i f f e r e n t  tests. 



I d o n ' t  know how you would r e a l l y  c a l c u l a t e  t h e  s i z e  
o f  t h e  s h o r t  t h a t  you would g e t  w i t h  t h e  Goddard test 
s i n c e  t h e y  p u t  no cha rge  back i n t o  t h e  cel l .  

Okay, n e x t  slide. 

( S l i d e  4 1 . )  

I have mixed emotions ove r  t h e  s h o r t  test  and I d o n ' t  
t h i n k  t h a t  t h e  t e s t i n g  w e  d i d  h e r e  r e a l l y  came up w i t h  any 
sol id c o n c l u s i o n s  a l t hough  w e  found some i n t e r e s t i n g  d a t a .  

Anyhow, t h e  s h o r t  test  I do n o t  f e e l  is  a b s o l u t e  b u t  
it is s t i l l  one  way o f  do ing  a s c r e e n i n g  test .  

The cha rge  r e t e n t i o n  test, t h e  r e s o l u t i o n  is n o t  a s  
g r e a t  as on t h e  s h o r t  test. I t  r e q u i r e s  more t i n e ,  b u t  
it is a good backup test  t o  g i v e  you some i n d i c a t i o n  may- 
be o f  t h e  s i z e  o f  t h e  s h o r t  i f  you f a i l  t h e  s h o r t  test. 

I t h i n k  w e  need more t ~ s t  d a t a ,  p a r t i c u l a r l y  on f a i l e d  
c c l l s .  Usua l ly  t h e  problem i n  t h e  p a s t  h a s  been t h a t  when 
you get a f a i l e d  ce l l ,  the p r o j e c t  o f f i c e  wants  to know, 
you know, what's w x n g  wit11 it. :.??I:? d i d  it f a i l ?  ?~;-,rl you 
tear  them a p a r t  and you l o s e  t h e  ce l l .  

So we've tried t o  s ave  some of t h e  cells t h a t  have 
f a i l e d  on t h i s  test  f o r  a d d i t i o n a l  t e s t i n g .  

And t h e n ,  you know, what s i z e  s h o r t  i s  r e a l l y  de- 
t e c t i b l e ?  What does  a  300-ohm s h o r t  look l i k e  when you 
open up a c e l l ?  Does t h e  s i z e  of  t h e  s h o r t  change wi th  
l i f e ?  I f  w e  could  g u a r a n t e e  t h a t  t h e  s i z e  o f  t h e  s h o r t  
wouldn ' t  change w i t h  l i f e ,  I ' m  s u r e  on many o f  t h e  prog- 
rams t h a t  you cou ld  f l y  cells w i t h  .1 ohm r e s i s t a n c e .  

Thank you. 

WEBSTER: Thank you, Sam. 

KRAUSE: Krause,  Hughes. 

Sam, d i d  you f i n d  any r e l a t i o n s h i p  between eitller the 
a b i l i t y  t o  p a s s  t h e  s h o r t  test  o r  t h e  a b i l i t y  t o  r e t a i n  
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cha rge  w i t h  t i m e  t o  t h e  i n t e r e l e c t r o d e  spac ing  i n  t h e  packs 
and t h e  pack t h i c k n e s s  and t h e  s w e l l i n g  o f  d e p r e s s i o n ?  

BOGNER: Yes. I n  t h e  paper  t h e r e ' s  a  l i t t l e  b i t  o f  
d a t a  where w e  compressed t h e  cells and r a n  t h e  s h o r t  test  
and a l s o  r a n  t h e  s h o r t  test  w i t h  t h e  cells f r e e - s t a n d i n g  
and t h e r e  was a  d i f f e r e n c e .  

W e  r e p e a t e d  t h e  test  a g a i n  and t h a t  c louded  t h e  re- 
s u l t s .  

DE BAYLO: Pau l  DeBaylo o f  F a i r c h i l d  I n d u s t r i e s .  

I have two q u e s t i o n s .  The f i r s t  q u e s t i o n  r e l a t e s  to  
one o f  your  e a r l y  s l i d e s  w i t h  t h e  s h o r t e d  p l a t e s  on which 
you made a  comment t h a t  abou t  s i x  months p r i o r  t o  de- 
t e c t i o n  o f  t h e  s h o r t  you had run  an  i n t e r n a l  s h o r t  test. 
I'm assuming you d i d  n o t  go th rough any shake ,  r a t t l e ,  
r o l l  o f  t h e  cell  or any real usage  between t h e  t i n e s  you 
r a n  t h e  i n t e r n a l  s h o r t  t e s t  and t h e  t i m e  t h a t  it was de- 
t e c t e d .  

I was i n t e r e s t e d  i n  whether  you r a n  any k ind  of peak 
l oad  test l i k e  a  3-C d i s c h a r g e  a t  t h e  time you r a n  t h e  
i n t e r n a l  s h o r t  test  t o  t r y  to  p i c k  up some d e f e c t  l i k e  
t h a t  . 

BOGNER: N o ,  w e  d i d n ' t  r un  a  h i g h  r a t e  d i s c h a r g e .  The 
c e l l s  went through a  31-cycle approximate ly  75 - cen t  
dep th  o f  d i s c h a r g e  b e f o r e  w e  r a n  t h e  test .  

They d i d  n o t  go through a  shake ,  r a t t l e  and r o l l  test  
o t h e r  t h a n  t h e  f a c t  t h a t  t h e y  were t r a n s p o r t e d  from TRW t o  
JPL ,  and I suppose they  g o t  s G m e  v i b r a t i o n  t h e r e .  And 
they  were s t o r e d  a t  J P L  i n  a  s h o r t e d  c o n d i t i o n ,  so pe r -  
haps d u r i n g  t h e  s t o r a g e  p e r i o d  t h i s  p l a t e  swe l l ed  a l i t t l e  
b i t  and came i n  c o n t a c t .  

DE BAYLO: The second q u e s t i o n  I have,  and maybe a 
comment r e l a t i n g  t o  some o f  my expe r i ence .  

I ' m  k ind  of  i n t e r e s t e d  i n  whether  you have any b a s i c  



exper ience  f o r  running, say ,  a  Goddard-type i n t e r n a l  s h o r t  
test  based on previous  cell  h i s t o r y ,  i n  o t h e r  words what 
t h e  cel l  has gone through p r i o r  to  running t h a t  test. 

The reason I ' m  making t h i s  comment, I n o t i c e  d i f f e r -  
ence- i n  rccovery v o l t a g e  i f  you run t h e  test a f t e r ,  say ,  
30 cyc le  -- S O  percen t  depth  of  d i scharge  c y c l i n g  versus  
a  v i r g i n  cell.  

Also, w e  had performed i n t e r n a l  s h o r t  tests on t h e  
ATS-6 b a t t e r i e s  very  s u c c e s s f u l l y  s e v e r a l  times dur ing  our  
acceptance t e s t i n g .  W e  had then  i n s t a l l e d  t h e  b a t t e r i e s  
on t h e  s p a c e c r a f t  and sub jec ted  t h e  s p a c e c r a f t  t o  space- 
c r a f t  l e v e l  v i b r a t i o n .  

W e  decided tc reperform t h i s  test .  

Bas ica l ly  what w e  d i d  i s  t h e  b a t t e r i e s  were on t h e  
s p a c e c r a f t  suppor t ing  v a r i o u s  RFI type  tests, d ischarging 
a t  va r ious  r a t e s  and s o  f o r t h ,  wi th  r e a l l y  no p lan  3f 
b a t t e r y  ~ r o f i l e ,  i f  you want t o  c a l l  it t h a t .  And w e  
t r i e d  t o  r e p e a t  t h i s  i n t e r n a l  s h o r t  test. W e  discharged-- 
Rather than  a  C/2 r a t e ,  w e  d ischarged l i k e  an  amp, an  amp 
and a  h a l f ,  varying r a t e s  because w e  had va r ious  loads  
on, t o  an  average c e l l  vo l t age  of probably 1.1 v o l t .  

W e  then app l i ed  t h e  one ohm a c r o s s  each cel l  f o r  16 
hours.  W e  opened t h e  c i r c u i t  and then w e  f a i l e d  miser- 
a b l y  t h i s  i n t e r n a l  s h o r t  t e s t ,  and w e  s t a r t e d  s c r a t c h i n g  
our heads and we s a i d ,  "Hey, we've q o t  problems." 

Y e t  w e  had passed t h e  same i d e n t i c a l  test  four  o r  f i v e  
t imes dur ing  zzceptance t e s t i n g .  

W e  then ran  a modified ve r s ion  of one of your i n t e r n a l  
s h o r t  tests where ,a f t e r  s h o r t i n g  t h e  cells o u t  f o r  a t  
l e a s t  an hour,  w e  had placed a  charge back i n t o  t h e  ce l l  
f o r  about f i v e  minutes,  and w e  l e t  it s i t  open c i r c u i t  f o r  
24  hours ,  and then w e  examined the c e l l  vo l t ages  a t  t h e  
end of t h a t  per iod  and they were a l l  above what w e  con- 
s i d e r e d  an acceptable  l i m i t ,  proving t h e  cells themselves 
were n o t  r e a l l y  baa. 

I was j u s t  kind of c u r i o u s  what your exper ience  along 



t h i s  l i n e  has been. 

BOGNER: I t 's  been s i m i l a r .  I t  does make some d i f -  
f e rence  on how t h e  b a t t e r y  i n  a previous  tes t  has  -- on 
previous  cells,  b u t  I c a n ' t  g i v e  you e x p l i c i t  numbers. 

WEBSTER: There is one comment on t h e  ATS program, 
t h a t  a l l  t h e  cells f a i l e d  s o  immediately w e  suspected  t h e  
test,  n o t  t h e  cells. And then w e  a p p l i e d  what I cal l  -- 
which I d i d n ' t  see up t h e r e  -- t h e  five-minute charge 
which i s  s i m i l a r  t o  t h e  technique which used --where they  
pu t  f i v e  minutes of charge on t h e r e ,  and they a l l  passed. 

But yours t r u l y  had a h e a r t  a t t a c k  because t h a t  was 
t h e  l a s t  test  be fo re  t h e  s p a c e c r a f t  l e f t  f o r  t h e  Cape, 
and Von Braun and t h e  Indian  Ambassador were having 
pheasant  under g l a s s ,  and I knew t h a t  a l l  t h e  b a t t e r i e s  had 
j u s t  f a i l e d .  

FORD: I would l i k e  t o  p o i n t  o u t  something. I have a 
ques t ion  f o r  you, Sam, b u t  l e t  m e  make my p o i n t  f i r s t .  

I n  r e fe rence  t o  t h e  ATS b a t t e r y ,  I would p o i n t  o u t  
those  c e l l s  had f a i r l y  low-level precharge and t h e  c u r r e n t  
i n d i c a t i o n  from o t h e r  programs t h a t  we've seen is  t h a t  t h e  
s t a t e  of charge on t h a t  nega t ive  e l e c t r o d e  c e r t a i n l y  i s  a 
f a c t o r  i n  t h e  open c i r c u i t  recovery test. 

I th ink  t h a t ' s  what w e  were see ing  a s  a r e s u l t  of low 
precharge on t h e  ATS cel ls ,  t h a t  i n  t h e  low-rate d i scharge  
which r e a l l y  dep le ted  t h e  nega t ive  a s  w e l l  a s  t h e  pos i -  
t i v e ,  inf luenced t h a t  open-c i rcu i t  test .  

BOGNER: You must be i n  bad shape i n  t h e  precharge. 
You d o n ' t  have t h a t  much cadmium i n  your precharge t o  
a f f e c t  t h e  test .  

FORD: That ' s  debatable ,  too .  

I would l i k e  t o  ask you a q u e s t i o n ,  though, p a r t i c u -  
l a r l y  i n  l i n e  wi th  what you were r e f e r r i n g  t o  a s  your 
developmental c e l l s  ve r sus  your f l i g h t .  And I th ink  S tan  



a l l u d e d  t o  t h i s  p o i n t  b u t  I would l i k e  to  pu r sue  it a 
l i t t l e  more i n  d e t a i l .  

Have you done a s t a t i s t i c a l  a n a l y s i s ,  a worst-case 
a n a l y s i s  of  i n t e r e l e c t r o d e  spac ing  t a k i n g  i n t o  cons ide ra -  
t i o n  p o s i t i v e  p l a t e  expans ion  and t h e  dynamic behav ia r  of  
t h e  cells? Have you r e a l l y  looked a t  t h a t  on t h e  de- 
velopmental  ce l l  v e r s u s  t h e  f l i g h t  ce l l  and i f  s o ,  what is 
t h e  i n t e r e l e c t r o d e  spac ing  i n  t h e  wors t  ca se?  

BOGNER: F ive  to  s i x  m i l s .  

FORD: A f t e r  you have run  tests on t h e  cells? 

BOGNER: Y e s .  W e l l ,  t h e  31  c y c l e s  or maybe 60 c y c l e s  
on a coup le  o f  cells.  They were a u t o p s i e d  and t h e  p l a t e  
t h i c k n e s s e s  w e r e  measured. And a f t e r  t h e  s w e l l i n g  w e  g o t  
a t  t h a t  t i m e ,  it w a s  around f i v e  t o  s i x  m i l s .  s pac ing .  

J. H. SCHULMAN: Schtlman, PSI.  

Have you looked a t  t h e  t ime  c o n s t a n t  f o r  open c i r c u i t  
recoT7ery ,  and would vou care t o  comnent on what tile r;tccil- 
sir' 3 : x  ~r.i*.j i , t  :.be tlia t ~ ~ ~ u l i ~  a f f e c t  t i le t ime c o n s t x n t  f ~ r  
r e m v e r y  of the oilen c i r c u i t  s t a n d ?  

BOGIJER: Well, one would t h i n k  tha t - -  We t r i e d  a 
l i t t l e  b i t  o f  t h a t  u s ing  t h r e e  p l a t e  cells and t r y i n g  t o  
get a r e f e r e n c e  e l e c t r o d e ,  b u t  I ' m  n o t  t o o  c o n f i d e n t  o f  
t h e  r e s u l t s  we g o t .  

We a t tempted  t o  look a t  it b u t  w e  d i d n ' t  go i n t o  it 
i n  enough d e t a i l .  I k ind  o f  thin!. t h a t  p a r t  01 t h e  prob- 
l e m  may be due t o  t h e  p o s i t i v e  e l e c t r o d e  and a s  Floyd 
po in t ed  o u t ,  if you g e t  problems w i t h  p recha rge  i n  t h e  
cadmium e l e c t r o d e ,  it could  be  caus ing  problems. 

I d o n ' t  have an  answer.  

CORBETT: Sam, I t h i n k  it is k ind  of  i n s t r u c t i v e  t h a t  
i n  your d a t a  you have examples o f  cel ls  t h a t  passed  
e i t h e r  t es t  A o r  tes t  B o r  bo th ;  i n  o t h e r  words,  you 've 
g o t  eve ry  k ind  o f  p o s s i b i l i t y  t h e r e .  You a c t u a l l y  had 



cells t h a t  passed t h e  s h o r t  t e s t  and d i d n ' t  pass  t h e  charge 
r e t e n t i o n  o r ,  l e t ' s  say ,  d i d n ' t  g i v e  a good charge re ten-  
t i o n ,  and you have cells t h a t  gave good charge r e t e n t i o n  
b u t  a l s o  f a i l e d  one o r  both of  t h e  s h o r t  tests. 

For example, I guess you had t w o  cells from Crane t h a t  
d i d  pass  t h e  s h o r t  test  b u t  had poor charge r e t e n t i o n .  

BOGNER: That was kind of  myster ious.  Those two cells 
had been on 29,000 cyc les .  They were autops ied .  I d o n ' t  
have a l l  t h e  daca here .  But when you look a t  those  
s e p a r a t o r s  -- and we've seen p i c t u r e s  be fo re  -- t h e  
s e p a r a t o r s  were black  wi th  cadmium. 

CORBETT: Well, t o  m e  what is kind of i n t e r e s t i n g  
about  t h a t  i s  -- 

BOGNER: They passed t h e  s h o r t  t e s t  b u t  t h e  charge 
r e t e n t i o n  was only  55 pe rcen t .  

COPBETT: But what ' s  t h e  test c r i t e r i o n ?  What you ' re  
g e t t i n g  i s  a f i n a l  vo l t age .  I t  is no t  a vo l t age  drop o r  
it i s  no t  dependent on how t h e  vo l t age  ris2s. You know, 
t h e  f i n a l  test c r i t e r i o n  is what is  t h e  vo l t age ,  1.15, 
1.19, o r  whatever it happens t o  be. And t h e r e  a r e  r e a l l y  
two parameters involved. 

One is  r e s i s t a n c e  of t h e  cel l  o r  t h e  r e s i s t a n c e  of 
t h e  supposed s h o r t  which i s  i n  p a r a l l e l  wi th  t h e  cel l ,  
and t h e  abso lu te  vo l t age ,  and it seems p o s s i b l e  t o  have a 
cel l  wi th  some s o r t  of  a p a r t i a l  s h o r t  b u t  wi th  a f a i r l y  
high i n i t i a l  vo l t age  s o  t h a t  it decays t o  something reason- 
a b l e .  

And it is a l s o  p o s s i b l e  t o  have something l i k e  a ce l l  
wi thout  a very high i n i t i a l  v o l t a g e  and perhaps less of a 
p a r t i a l  s h o r t ,  less of a shun t  load ,  and have, you know, 
comparable vo l t ages  on those  two cells. 

So I would l i k e  t o  p u t  o u t  a couple o f  proposi  ions.  

One is i f  a ce l l  i s  completely d ischarged it w i l l  
probably f a i l  t h e  s h o r t  test. I t h i n k  we've a l l  had t h i s  
experience.  I f  you keep a cell  shor ted  f o r  two weeks, it 



w i l l  never  come up, o r  f o r  t h r e e  weeks. You know t h e r e  is 
some t i m e  p e r i o d  a t  which you can  i n s z e  t h a t  a cel l  w i l l  
n o t  respond. 

BOGNER: Yes. You shou ld  g i v e  it a coup le  o f  c y c l e s  
b e f o r e  you test  it. 

CORBETT: And u s u a l l y  when we're judging p l a t e  capz- 
c i t y  and b a t t e r y  performance,  w e  u s u a l l y  t h i n k  a b a t t e r y  
i s  good i f  w e  g e t  a l l  o f  t h e  c a p a c i t y  o u t  a t  some f a i r l y  
h igh  v o l t a g e ,  i n  o t h e r  words, i f  t h e r e  is a very  s m a l l  
amount of  d ' s t r i b u t e d  r e s i s t a n c e  i n  t h e  p l a t e  i t s e l f .  

Okay, s o  i f  you g e t  a l l  t h e  c a p a c i t y  o u t  real f a s t  
w i t h  a very  s m a l l  v o l t a g e  d r o p ,  t h e n  it seems t o  m e  w i t h  
t h a t  i n  mind t h a t  t h e  p e r f e c t  b a t t e r y  would probably  f a i l  
t h i s  t e s t  because under l oad  it wou1.d lose a l l  o f  i ts  
c a p a c i t y  very  q u i c k l y  i n  son.ecning l i k e  t h e  Goddard t e s t  
and f a i l  to  come up,and it would probably  a l s o  f a i l  t h e  
Hughes o r  J P L  type  of  t e s t  because when you dead s h o r t  it 
you t a k e  a l l  t h e  c a p a c i t y  o u t  and what you p u t  back i n  is  
below what is a good r e a c t i o n  v o l t a g e  or something. 

.So I thin!< t h e  problem is i n  t h e  t e s t  i t s e l f ,  which i s  
!>robal)lv a k ind  of a 2umb t h i n g  t o  s ay  a s  a conc lus ion  t o  
a l l  of t h i s ,  b u t  I t h i n k  a r e a l  problem is w e ' r e  looking  
a t  an a b s o l u t e  v o l t a g e ;  t h a t  i s ,  t r y i n g  t o  deduce from an  
a b s o l u t e  v o l t a g e  what is  t h e  s h u n t  l oad .  

I t  seems t o  m e  you ought  t o  be looking  a t  t h e  a c t u a l  
shape of t h e  v o l t a g e  rise o r  something t h a t  r e l a t e s  t o  t h e  
t i m e  c o n s t a n t  o f  t h e  ce l l  i t s e l f .  I t h i n k  t h e  charge  
r e t e n t i o n  test  i s  probably  a l o t  more i n s t r u c t i v e  i f  you 
a r e  wor r i ed  about  ce l l  r e l i a b i l i t y .  

FORD: With r e g a r d  t o  t h a t  i n t e r e l e c t r o d e  spac ing ,  
I have n o t i c e d  o v e r  a few hundred cel ls  on some programs 
in-house o v e r   he l a s t  couple  of y e a r s  t h a t  t h e  ones  t h a t  
seem t o  f a i l  t h e  s h o r t  test ,  t h e  24-hour s h o r t  test 
i n i t i a l l y  a r e  always t h o ~ e  t h a t  a p p a r e n t l y  a r e  s l i g h t l y  
convex. More t h a n  t h e  o t h e r s  they  ' re  bulgod.  

Wc q e t  cells,  an o c c a s i o n a l  10" o f  ce l l s ,  t h a t  have 
f a i r l y  t h i c k  p l a t e s  and t h e  cel ls  a r e  bulged somewhat and 



t h o s e  a r e  r e s t r a i n e d  and t h e  s h o r t  test  i s  r u n ,  and t h e y  
always f a i l  t h e  t es t .  

I f  t h e i r  c y c l e s  a r e  r e c o n d i t i o n e d  t h e y  a r e  f i n e  a f t e r  
t h a t ,  b u t  i f  you t a k e  a  ce l l  t h a t  is n o t  bu lg ing  and one 
t h a t  is  and you do t h e  same t h i n g  t o  i t ,  t h e  one t h a t  i s  
bu lg ing  seems t o  have a  lower v o l t a g e ,  a lways i n i t i a l l y  
e s p e c i a l l y .  There seems t o  b e  some r e l a t i o n s h i p  between 
t h e  compression i n  t h e  pack and t h e  r e s u l t s  o f  t h e  s h o r t  
tests. 

SOGNER: A l l  t h e  cel ls  bulged ,  l i k e  20 t o  30 m i l s .  
beyond t h e  o r i g i n a l  s p e c  s i z e .  

K I P P :  From a m a n u f a c t u r e r ' s  s t a n d p o i n t  w e  do  have 
some expe r i ence  t h a t  1 t h i n k  is  r e l e v a n t  and t h a t  is t h a t  
w i t h  ou; e x p e r i e n c e ,  when you b u i l d  cells,  whsn you s ta r t  
o u t  w i t h  an i n t e r e l e c t r o d e  spac ing  o f  f i v e  to  s i x  m i l s . ,  
a l l  t h i n g s  be ing  e q u a l  you w i l l  have a  h i g h e r  i n c i d e n c e  
o f  charge  r e t e n t i o n  f a i l u r e s ,  r e g a r d l e s s  af what t e s t s  you 
run on t h o s e  cel ls  v e r s u s  cel ls  t h a t  you b u i l d  when you 
s t a r t  w i t h  an  i n t e r e l c c t r o d e  spac ing  of around e i g h t  
i.*\ i 1 5 . 

There i s  enough d a t a  t o  show t h a t  t h a t ' s  a  f a c t .  

POWELL: Powel l ,  of  Powell  Corpora t ion .  

What was t h e  s e p a r a t o r ?  

BOGNER: A s t a n d a r d  p e l l o n  s e p a r a t o r .  

KRAUSE: One comment abou t  t h e  o r i g i n  of  t h e  s h o r t  
test .  I canno t  a t t e s t  t o  t h e  v e r a c i t y  o f  t h e  comment b u t  
I have a  r e c o l l e c t i o n  t h a t  abou t  two y e a r s  ago a t  t h i s  
workshop I t h i n k  Lou Belove mentioned t h a t  he r e c a l l s  i t  
be ing  a  t e s t  t h a t  was o r i g i n a t e d  a t  Sonotone t o  look f o r  
copper  i n  t h e  cel ls  a s  a r e s u l t  of  contamina t ion  from 
s e a l s  way back when. 

A s  I s a y ,  I d o n ' t  know i f  it  is  t r u e  b u t  t h a t  is what 
h e  commented. 



I. M. SCIIULMAN: Schulman, TRW. 

I go  back a lmos t  a s  f a r  a s  h e  does .  I t h i n k  t h e  ce l l  
was o r i g i n a t e d  by one Wal te r  S c o t t  a t  t h e  Appl ied P h y s i c s  
Lab i n  around 1958. 

FORD: One o t h e r  q u e s t i o n .  Can you g i v e  u s  any s i g -  
n i f i c a n c e  t o  t h e  f a c t  t h a t  some o f  t h e  numbers you p u t  up 
t h e r e  a r e  d i f f e r e n t  from t h e  f l i g h t  cells a s  f a r  a s  t h e  
upper  l i m i t s  a n  the load ing  and so f o r t h  v e r s u s  t h e  i n -  
c r e a s e  i n  pe rcen tage  o f  t h e  ce l l  f a i l i n g  t h e  s h o r t  t e s t ?  

BOGNER: I c a n ' t  t e l l  you r i g h t  off-hand.  

GROSS: Another u s e f u l  sou rce  of  ce l l  s h o r t i n g  i n f o r -  
mat ion l ies  i n  t h e  d a t a  on t h e  cel ls  t h a t  a r e  c y c l i n g  
p r i o r  t o  running any s p e c i f i c  ce l l  s h o r t i n g  test .  I n  t h e  
t e s t i n g  w e  do we use  p r i m a r i l y  d i g i t a l  d a t a  sys tems  which 
g i v e  you i n f o m a t i o n  p e r i o d i c a l l y .  T h i s  o f  c o u r s e  misses 
n o s t  of  t h e  d a t a .  

IIowever, i f  you p u t  a b r u s h l i n e  r e c o r d e r  on t h e  d a t a  
and you fo l low t h e  v o l t a g e  t i m e  h i s t o r y  e x a c t l y ,  on cells 
vl i ich  a r e  l i k e l y  t o  have s h o r t s  you w i l l  f i n d  t r a n s i e n t s  
i n  the  d a t a  which show t h a t  s h o r t s  a r c  deve loping  i n  the 
c e l l  and t h a t  they  a r e  bu rn ing  o u t ,  and t h i s  t r a n s i e n t  
l ooks  l i k e  a  v o l t a g e  d i p  and t h e n  later on ,  the v o l t a g e  
comes up a s  t h e  s h o r t  burns  o u t  and t h e  new v o l t a g e  w i l l  
b e  s l i g h t l y  less than  t h e  o r i g i n a l  v o l t a g e  p r i o r  t o  
t r a n s i e n t .  

Th i s  shows up e s p e c i a l l y  w e l l  on cel ls  bn ich  a r e  
d e l i b e r a t e l y  be ing  t e s t e d  to  a c c e l e r a t e  t h e  s h o r t i n g  condi -  
t i o n .  

M P E L :  Guy Rampel, Genera l  Electric.  

The jmpression was l e f t  t h a t  i n  some s ix-hour  cel ls  
t h e r e  was ve ry  l i t t l e  p recha rge  and t h a t  i n  some way may 
have a f f e c t e d  t h e  Goddard s h o r t  tes t .  

I would l i k e  to  p o i n t  o u t ,  though, t h a t  t h e r e  pro-  
bab ly  was r e s i d u a l  p recha rge  a v a i l a b l e  as such b u t  n o t  
e l e c t r o c h e m i c a l l y  a v a i l a b l e ,  and it should  g e n e r a t e  a  



p o t e n t i a l  f o r  it. 

FORD: Cor rec t ion ,  the low precharge  was i n  1 2  
ampere-hour ce l l s ,  

WEBSTER: C o r r e c t i o n ,  15. 

CORBETT: J u s t  a b r i e f  comment abou t  t h e  s e n s i t i v i t y  
of  t h e  Goddard test ,  Sam. 

Once I t r i e d  w i t h  some 20 amp-hour SAFT cells t o  
measure what k ind  of  c u r r e n t  was a v a i l a b l e  a f t e r  they  were 
s h o r t e d  f o r  something -- I t h i n k  l i k e  24 o r  48 hours ,  and 
w i t h  a 20 amp-hour ce l l  I found t h a t  t h e  cell behaved 
a lmost  a s  a c o n s t a n t  c u r r e n t  s o u r c e  and would f u r n i s h  
abou t  f o u r  mil l iamps.  

So i f  you thought  t h a t  a t e n t h  of  a v o l t  would be a 
s i g n i f i c a n t  6rop or something t h a t  you p i c k  up, t h a t  means 
t h a t  test would be s e n s i t i v e  t o  something l i k e  two o r  
t h r e e  K t  a two o r  t h r e e  thousand ohm r e s i s t o r  i n  s h u n t ,  
b u t  t h a t  would depend upon t h e  cel l .  

T!R a c t u a l  s e n s i t i v i t y  uf t h e  test in that case was 
r e a l l y  ce l l -depenzent  and dependent  on how much current 
was coming o u t  of  t h e  ce l l  when it h a s  been s o - c a l l e d  
s h o r t e d  o r  t o t a l l y  d i scha rged ,  which is a lmost  never .  

BOGNER: Ron Banes a t  J P L  d i d  some t e s t i n g  by put -  
t i n g  v a r i o u s  r e s i s t o r s  on-- These were 20 ampere-hour 
ce l l s  t h a t  h e  t e s t e d ,  and I t h i n k  t h e  r e s u l t  he  g o t  was 
it showed t h a t  i n  a 24-hour p e r i o d  you would be down below 
1 t o  1.5 v o l t s  a t  around a 300 ohm r e s i s t o r .  So it was 
i n t e r e s t i n g  t h a t  h i s  r e s u l t s  came o u t  c l o s e  to  what were 
c a l c u l a t e d .  

BAER: Baer, Goddard. 

I would l i k e  t o  v e r i f g  . -  I a l s o  r a n  some tests on 
t h e  Goddard s h o r t  test and 1 found they  were d e t e c t i b l e  
a t  300, 350 ohm s h o r t .  

I ' d  a l s o  l i k e  t o  c e m e n t  on t h a t  one cu rve  you 
showed t h a t  began t o  r ecove r  and then  f e l l  o f f .  I ' v e  



also observed t h a t  when you have a resister across t h e  cell 
o f  t h e  o r d e r  of  300 ohms. I have also observed t h a t .  But 
I h a v e n ' t  seen  it f a l l  o f f  q u i t e  as r a p i d l y ;  i t  was more 
o f  a g radua l  decay, and g r a d u a l l y ,  maybe a t  t h e  end of a 
24-hour pe r iod  it w i l l  be  down under 1 v o l t .  So it would 
r e c o v e r ,  and then  decay. 

BOGNER: This  was a  t y p i c a l  p l o t  o f  two cells and i f  
you p l o t  a couple o f  o t h e r  cells t h a t  f a i l e d  you would 
probably g e t  an e n t i r e l y  d i f f e r e n t  p l o t .  

LACKNER: There was some comment made on bulged 
c e l l s  and I t h i n k  1 would l i k e  t o  fo l low t h a t  up. 

IIow was t h e  bulge  d e t e c t e d  on an open c i r c u i t ?  On 
t h e  s t and?  Because w e  are a l s o  t o l d  t o  r e s t r a i n  t h e  cell  
w a l l s .  

BOGNER: Th i s  is d e t e c t e d  a s  t h e y ' r e  r ece ived  a t  
t h e  r e c e i v i n g  i n s p e c t i o n .  

LACRNER: They came i n  bulged? 

3 0 G P X R :  Y e s .  And t h e y  a r e  n o t  r e s t r a i n e d  dur ing  
shipment. 

LACKNER: So t h i s  i s n ' t  a  c a s e  of t h e  p l a t e s  grow- 
i:.g i n  s i z e ?  I t  could be a  g a s  p r e s s u r e ?  

BOGNER: I t  is no t  be l i eved  t o  be g a s  p r e s s u r e  and 
it was be l i eved  t o  be due t o  t h e  packaging. L i k e  1 say, 
when w e  t r i e d  t o  look a t  a l l  t h e  d a t a  t h a t  w e  could ,  
manufactur ing d a t a ,  a l l  t h e  p l a t e s  were on t h e  h igh  s i d e  
of t h e  s p e c i f i c a t i o n  i n  load ing  and also t h e  t h i c k n e s s .  

WERSTER: Can I ask  you t o  hold  q u e s t i o n s  now, and 
w e ' l l  move on t o  D r .  S c o t t .  

Thank you, Sam, very much. 



Dr. Scott's presentation is going to be improvements 
in the short test. He's got the answers. 

Dr. Scott. 

SCOTT: All ':he discussion that has been going on 
here- I've been impatiently holding my tongue bcraause 
of the data that I an going to show you now. 

After the results that Sam reported, we got to 
scratching our heads and decided that one of the things 
that we probably neeeed morc than anything else to try to 
unravel some of these questions uaa 2 xore scientific 
method of detecting shorts, at least morc definitive and 
more data than a single point after 24 P.ours or after one 
week of opcn circult stand. 

So under the sponsorship of JP5, TRW unde:.took e 
small study of possible approaches to improving methods 
of test for shorts in nickel-cadmium cells. This study 
is still underway. A final report will be issued earl:/ 
ri~::t. ::par, ant: so what I have to show you now is iriterim 
c ! ~ . t a  as n previcw of things to cone, and I think the (lata 
is interesting. 

The scope of the work involves all three of the test 
methods previously discussed: the so-called 24-hour volt- 
age decay test; the 24-hour voltage recovery; and the 
seven-day charged stand. 

We are includinu in the study the possible effects 
of cell history prior to testing, the effect ~f condition- 
ing immediately prior to conducting the test, parameters 
used during testing, calibration of sensitivity, and 
consideration of acceptance criteria. 

I'm going to give you just a very brirf presentation 
here today and not try to be exhaustive, so what I would 
like to do is first present our tenkati-~e conclusions and 



t hen  I ' l l  show you t h e  d a t a ,  a  sampling o f  t h e  d a t k  t h a t  
we have s o  f a r .  

( S l i d e  4 3 . )  

The s tudy  is  n o t  conf ined  t o  expe r imen ta l  work w e  are 
doing p r e s e n t l y .  I t  i n v o l v e s  a  survey  o f  t h e  l i t e r a t u r e  
and summary of  what i s  t h e  c u r r e n t  state o f  t h e  a r t  i n  
terms of test  methods o f  expe r i ence .  And t h i s  i n d i c a t e s  
t h a t ,  a s  qo s u r p r i s e  t o  us  n o r  anyone else, t h a t  h i s t o r y  
of  t h e  ce l l  can a f f e c t  t h e  r e s u l t s  o f  t h e  test  and p a r t l y  
because of  t h a t ,  some form o f  c o n d i t i o n i n g  is  r e q u i r e d  f o r  
r e l i a b l e  and reproduceable  r e s u l t s  of  s h o r t  t e s t i - ~ g .  

W e  l o o  ed  a t  t h i s  q u e s t i o n  o f  what charge  r a t e  t o  
use  d u r i n g  t n e  24-hour v o l t a g e  decay t e s t  and have con- 
c luded  t h a t  o f  t h e  - - a r i o u s  r ea sonab le  r a t e s  t o  u se ,  t h a t  
t h e  o l d  stand-by C / 1 0  r a t e  i s  probably  t h e  b e s t  one o f  
many t o  choose from. 

Also,  wr looked a t  a  C j l O  charge  r a t e  of cha rge  in -  
p u t s ,  charge  t i m e s  va ry ing  f r o n  t h r e e  minutes  up t o  12 
n i n u t c s ,  and w e  havc concluded,  k l i e v e  it o r  n o t ,  t h z t  
t h e  01: stand-by,  f i v e  o r  s i x  n in~l te  diarge  i n p u t ,  a ;>:xars  
t o  he as , ~ o d  as aily o t h e r  and f x c h a i j l y  o?. L i ~ m : . :  i r  terns 
of case of 11andlir.g and i n  t e r m s  of s e n s i t i v i t y  to r e -  
s . s t i \ z  l ~ a d ~  on t h e  ce l l .  

W e  havs  looked a t  t h e  v o l t a g e ,  open c i r c u i t  v o l t a g e  
over  t i m e  p e r i o d s  ex t end ing  over  a p e r i o d  o f  t h r e e  days; 
t h z t  i s ,  beyond t h e  normal 24-hour p e r i o d ,  i n  o r d e r  t o  see 
whether anyth ing  i n t e r e s t i n g  is happening beyond t h e  nor-  
mal 24-hour time l i m i t .  

And g e n e r a l l y  speaking ,  as some cf t h e  d a t a  h e r e  
w i l l  i n d i c a t e ,  it looks  l i k e  i f  t h e  t i m e  is a v a i l a b l e  
t h a t  a  48-hour s t a n d  t i m e  is probably  more g e n e r a l l y  use-  
f u l  t han  2 4  hours ,  and it is morz u s e f u l  a t  72  hour s  i n  
terms of op t imiz ing  t h e  e f f e c t i v i t y  o f  t h e  t lzs t .  

Also,  from t h e  d a t a  it is prett:! o b v i u s  t h a t  a 
s i n g l e  p o i n t  d e t x m i n a t i o n  and s i n g l e  p o i n t  p a s s / f a i l  
c r i t e r i o n  simply is t o o  c rude  and i s  inadequate  f o r  t h e  
purpose t h a t  t h e  tes t  is  be ing  used f o r ,  which g0r.s f a r  



beyond t h e  o r i g i n a l  purpose o f  t h e  t e s t ,  I would s a y ,  o f  
t r y i n g  t o  d e t e c t  whether  t h e r e  is copper  i n  t h e  ce l l  o r  
whether  a  p i e c e  o f  s e p a r a t o r  i s  b e i n g  p i e r c e d  by a w i r e  
o r  p a r t  of t h e  p l a t e s .  

I t h i n k  t h e  i n t e n t i o n  is t o  t r y  t o  push t h i s  test  a s  
any o t h e r  t es t ,  d i a g n o s t i c  test, to i ts r e a s o n a b l e  l i m i t s  
i n  o r d e r  t o  have a much more u s e f u l  d i a g n o s t i c  t o o l ,  and 
I t h i n k  t h a t  w e  a r e  on t h e  road  t o  be ing  a b l e  t o  do t h a t  
w i t h  some o f  t h e  r e s u l t s  t h a t  w e  a r e  g e t t i n g  h e r e .  

Now t h e  approach t h a t  w e ' r e  u s i n g  i n v o l v e s  t a k i n g  
more f r e q u e n t  r e a d i n g s  t h a n  a  s i n g l e  r e a d i n g  a t  24  h o u r s ,  
namely, a  v o l t a g e  scan  a t  one-hour i n t e r v a l s  d u r i n g  t h e  
e n t i r e  t e s t  p e r i o d .  The v o l t a g e s  a r e  scanned au to -  
m a t i c a l l y  i n  t h e  p a r t i c u l a r  c a s e  o f  t h e  p r e s e n t  s t u d y  w i t h  
a d i g i t a l  d a t a  system and t h e  c h a r g e  removed &om t h e  cel l  
d u r i n g  t h o s e  p e r i o d s  is ,  a s  f a r  a s  I c a n  t e l l ,  a b s o l u t e l y  
n e g l i g i b l e  a s  f a r  a s  any impact  on t h e  test r e s u l t s  i s  con- 
ce rned .  

A s  a m a t t e r  o f  f a c t ,  a s  w e  may q e t  i n t o  a  l i t t l e  b i t  
l a k c r ,  i n  the c o u r s e  oE t e s t i n g  f o r  t h e  s e n s i t i v i t y  of 
t!?c r?otlmc: by a p p l y  i n 7  e x - c h n n e l  rcs is  tors, wc Iiave Found 
Z ; i ~ , i t  for a n y  cell up to a 30 ainpere-hour s i z e  t h a t ,  over 
a pe r iod  of 7 2  hou r s ,  any r e s i s t a n c e  11iq:lcr t h a n  1 0 , 0 0 0  
ohms h a s  a  comple te ly  n e g l i g i b l e  e f f e c t  on t h e  r e s u l t s ,  
s o  t h a t  t h i s  a l l o w s  f o r  q u i t e  a v a r i e t y  o f  t e s t  i n s t r u -  
ments and sampling t i m e s  t o  b e  used t o  i n c r e a s e  t h e  amount 
o f  d a t a  t h a t  one o b t a i n s  d u r i n g  t h i s  test  i n t e r v a l .  

70 t h e  o v e r - a l l  ne thod  t h a t  w e  used was t o  o b t a i n  
f reqn ,  ,,t d a t a  and t h e n  t o  p l o t  t h e  d a t a  on a s c a l e  i n -  
v o l v i n g  t h e  l oga r i t hm o f  t h e  s t a n d  t i m e ,  and t h e n  t o  look 
a t  t h e  r e s u l t s  i n  t h a t  fo rmat .  

The r ea son  t h a t  w e  dec ided  t o  do t h i s  w a s  ba sed  on 
some results t h a t  w e r e  pub l i shed  a number o f  y e a r s  back by 
Conway and co-workers i n  which t h e y  showed t h a t  t h e  poten-  
t i a l  o f  t h e  p o s i t i v e  e l e c t r o d e  decayed on  a  s t r a i g h t - l i n e  
f u n c t i o n  of  t h e  l oga r i t hm of  t i m e  over a  p e r i o d  of  many 
days  i f  t h e  sys tem was pu re  and under c o n t r o l .  

And w e  reasoned  t h a t  s i n c e  it i s  p r e t t y  w e l l  known 



t h a t  a cadmium electrode i n  good c o n d i t i o n  and i n  a p rope r  
s ta te  of charge  is a f a i r l y  c o n s t a n t  p o t e n t i a l  under  t h e s e  
same c o n d i t i o n s ,  t h a t  t h e r e f o r e ,  i f  t h e  cel l  t r u l y  had no 
resistive s h o r t i n g  p a t h s ,  t h a t  + h e r e f o r e  t h e  cell p o t e n t i a l  
should  a l s o  decay as a f u n c t i o n  o f  t h e  l oga r i t hm of  t i m e .  

So w e  just took that approach and p l o t t e d  t h e  d a t a  
and took a  look  a t  what i t  looked l i k e .  

I t h i n k  y o u ' l l  see t h a t  i n  g e n e r a l  t h e  d a t a  l ooks  
p r e t t y  good on such  a  p l o t .  

( S l i d e  4 4 . )  

Here is t h e  r e s u l t s  o f  t h r e e  d i f f e r e n t  tests. A s  you 
can  see, t h e  d a t a  is p l o t t e d .  A s  you can  see, t h e  d a t a  
a lmos t  up t o  72  hour s  i s  shown t h e r e .  T h i s  is  test  d a t a  
u s ing  t h e  decay ,  t h e  v o l t a g e  decay test  i n  which a l l  cells  
were i n i t i a l l y  charged a t  a C/10 rate f o r  s i x  minuter  and 
then  al lowed to  s t a n d .  

The ce l l s  involved  were General  Electric cel ls ,  24- 
hour r a t e d  c a p a c i t y .  The cel ls  were newly r e c e i v e d  and 
hat1 n o t  been p u t  t l~roucjh any c y c l i n g  a f t e r  r e c e i p t  from 
the s u p p l i e r .  They had gone through,  o f  cou r se ,  t h e  nor- 
mal acceptance  t e s t i n g  a t  t h e  s u p p l i e r .  They had been 
s h o r t e d  approximate ly  t h r e e  weeks, I b e l i e v e ,  from t h e  t i m e  
t h a t  t hey  were sh ipped  from t h e  manufac turer .  

Three c u r v e s  a r e  shown he re .  Curve A is the p l o t  o f  
t h e  d a t a  when t h e  test  was a p p l i e d  immediately a f t e r  
removing t h e  s h o r t s  w i t h o u t  any c o n d i t i ? c i n g ,  c y c l i n g ,  o r  
whatever  fo l lowing  t h e  s h o r t i n g  pe r iod .  And you can  see 
t h e  s l o p e .  

Curve B was a test  r e p e a t e d  a f t e r  a  s i n g l e  c y c l e  
c o n s i s t i n g  o f  cha rg ing  t h e  ce l l  f o r  24  hour s  a t  a C/10 
r a t e ,  d i s c h a r g i n g  a t  C/2 to  one v o l t ,  app ly ing  a q u a r t e r  
ohm r e s i s t o r  t o  less than  .1 of a v o l t ,  and t h e n  s h o r t i n g  
t h e  cells  f o r  16 hour s .  You can  see t h a t  t h e  cu rve  is 
r o t a t e d  a t  abou t  t h a t  p o i n t .  ( 1 2 d i c a t l n q . )  

I n t e r e s t i n g l y  enough, t h e  i n i t i a l  v o l t a g e  h a s  come 
down: t h e  f i n a l  v o l t a g e  h a s  gone up. 



Curve C is t h e  same test  repeated  on t h e  same cells 
a f t e r  a  second 24-hour c y c l e  involving C/10 charge,  d i s -  
charcje, a  q u a r t e r  ohm r e s i s t o r ,  and s o  f o r t h .  Now you can 
see t h e  curve is r o t a t i n g  about  t h a t  p o i n t  and t h e  i n i t i a l  
vo l t age  is going back up aga in  h u t  t h e  f i n a l  vo l t age  a t  
t h e  end of about  72 hours h a s n ' t  changed very much. 

This  d a t a  i n d i c a t e s  t h e  average of approximately 4 8  
cells,  a l l  of  which were p a r t  of t h e  same manufacturing 
l o t  and i n  t h i s  p l o t  and i n  subsequent ones t h a t  I ' l l  show 
you, a  s i n g l e  p o i n t  i n d i c a t e s  t h a t  t h e  spread of vo l t ages  
was not  more than t e n  m i l l i v o l t s  a t  any po in t .  

When t h e  spread was g r e a t e r  than  t h a t ,  I have i n d i -  
ca ted  t h a t  by 3 v e r t i c a l  ba r  which extends  t o  inc lude  t h e  
maximum and t h e  minimum c e l l  vo l t ages .  

( S l i d e  4 5 . )  

One of the ques t ions  t h a t  came up dur ing  t h e  Viking 
ce l l  program was whether t h e  31 c y c l e s  t h a t  w e  app l i ed  t o  
t h e s e  c e l l s  had any e f f e c t  on t h e  r e s u l t s  o f  t h i s  t*-?e of 
test. So t h e  cells,  t h e  d a t a  f o r  which you j u s t  saw, were 
thex nut  t!~rough t h e  normal acceptance test and a 31-cycle 
bu rn - in ,  and then r e t e s t e d  wi th  t h e  same approach. 

Not a l l  t h e  same d a t a  is shown here  a s  before .  

The curve wi th  t h e  open c i r c l e s  is t h e  one f o r  t h e  
c e l l s  wi th  no r e s i s t o r s  ap9 l i ed .  This  graph,  by t h e  way, 
shows some of t h e  f i r s t  c a l i b r a t i o n  d a t a  t h a t  w e  obta ined 
on these  c e l l s ,  where w e  p u t  a  1,000 ohm r e s i s t o r  a c r o s s  
t h e  cells and t h e  330 ohm r e e i s t o r  a c r o s s .  

NOW i f  you compare t h i s  with t h e  p r e v i o s  s l i d e  you 
w i l l  n o t i c e  t h a t  t h i s  curvc has  come down about  15  t o  20 
m i l l i v o l t s  from t h e  previous one p r i o r  t o  t h i s  amount of 
t e s t i n g .  Also, w e  d o n ' t  hrwe a s  s t r a i g h t  a l i n e  any more; 
w e  have what looks l i k e  two l i n e s  i n t e r s e c t i n g  a t  approxi- 
mately s i x  hours.  But then a l s o  w e  have something else. 
he have a  droop o u t  he re  beyond 48 hours.  I w i l l  t a l k  
about t h a t  more a l i t t l e  t i t  l a t e r .  

Then w e  s t a r t e d  c a l i b r a t i n g  a t  t h i s  p o i n t  and you 





see t h a t  t h e  curve  h e r e  f o r  t h e  1,000 ohm e x t e r n a l  resis- 
t o r  a c r o s s  t h e  cells might  e a s i l y  be  cons ide red  i n  t h e  same 
popu la t ion  a t  t h e  end o f  24 hour s  as cells w i t h  no resis- 
t o r .  So t h a t  t h a t  beg ins  t o  i n d i c a t e ,  I t h i n k ,  what t h e  
p o t e n t i a l  s e n s i t i v i t y  o f  t h i s  method i s  a s  a f u n c t i o n  o f  
t i m e .  That  i s ,  it looks  l i k e  a t  t h e  end o f  24 h o ~ r s  one 
would t end  t o  accep t  cells t h a t  had t h e  e f f e c t i v e  resist- 
ance  o f  1,000 ohms, b u t  i f  you c a r r i e d  t h e  t e s t  o u t  h e r e  t o  
48 hours  o r  even beyond, t hen  t h e  d i f f e r e n c e  between t h e s e  
cells and t h e s e  cel ls  I t h i n k  is  c l e a r l y  e v i d e n t .  

So t h i s  i n d i c a t e s  t h e  p o s s i b l e  va lue  o f  ex tend ing  the 
t i m e  p e r i o d  beyond 2 4  hours ,  and even beyond 4 8 .  

A t  330 ohms it is obvious w i t h i n  24 hours  t h a t  there 
is an  obvious and real d i f f e r e n c e  between t h e s e  two cu rves .  
However, it is i n t e r e s t i m g  t o  n o t e  tha t - -  You ' l l  n o t i c e  
t h e  bottom o f  my c h a r t  i s  1.18 v o l t s .  If one were t o  
choose,  a s  c e r t a i n  procedures  do,  a  c r i t e r i o n  o f ,  s ay ,  
1.16 v o l t s ,  t hen  one would p a s s  t h e s e  cel ls  a t  24 hours  
wi th  t h e  e q u i v a l e n t  uf 330 ohms. 

So you see, wi thou t  having t h i s  k ind  o f  d a t a  t o  look 
a t ,  s e l e c t i n g  a s i n g l e  p o i n t  v o l t a g e  a t  t h e  end of any 
p a r t i c u l a r  t i m e  pe r iod  has a very  l i m i t e d  a p p l i c a t i o n  a s  
far a s  knowing e x a c t l y  what k ind  o f  r e s i s t a n c e  y o u ' r e  
looking  a t .  

( S l i d e  4 6 . )  

One o f  t h e  t h i n g s  we were i n t e r e s t e d  i n  i n  t h e  s tudy  
was what t h e  e f f e c t  o f  long-term s t o r a g e  may be  on t h e  
r e s u l t s  of such a  t e s t ,  s o  w e  had a  group o f  1 2  ampere- 
hour cells,  General  E l e c t r i c  cel ls ,  t h a t  had been on 
s h o r t e d  s t o r a g e  f o r  t h r e e  y e a r s .  W e  happened t o  have them 
i n  a c a b i n e t .  

Th i s  cu rve  shows t h e  e f f e c t  o f  o u r  so -ca l l ed  s t a n d a r d  
test c o n d i t i o n s  f o r  t h e  v o l t a g e  decay test which is t h e  
upper curve ,  C/10 f o r  s i x  minutes .  And then  i n  t h i s  
p a r t i c u l a r  c a s e  w e  t e s t e d  o u t  t h e  e f f e c t s  o f  dropping  2he 
charge  i n p u t  by r e d u c i ~ g  t h e  cha rge  t i m e  t o  t h r c e  minutes  
i n  o r d e r  t o  see whether w e  might be  a b l e  t o  p o s s i b l y  i n -  
c r e a s e  t h e  s e n s i t i v i t y  of  t h e  test by doing  t h a t ,  and we 



g o t  t h i s  lower curve .  

Now h e r e  t h e  upper cu rve  seems to  t a k e  a  break  h e r e  
beyond abou t  4 8  hour s .  The lower cu rve  seems t o  be  r o l l i n g  
o f f  beyond abou t  24 hour s .  Both o f  t h e s e  were w i t h  no ex- 
t e r n a l  r e s i s t o r s  added and I b e l i e v e  t h a t  one might ,  w i t h  
a d d i t i o n a l  d a t a ,  i n t e r p r e t  t h i s  d roop  h e r e  a t  t h e  end i n  
terms o f  a  c e r t a i n  e q u i v a l e n t  n s i s t a n c e .  

I t h i n k ,  g e n e r a l l y  speak ing ,  t h i s  droop h e r e  may 
i n d i c a t e  a  r e s i s t a n c e  o f  t h e  o r d e r  o f  a  coup le  o f  thousand 
ohms a c r o s s  t h e s e  cells i n t e r n a l l y .  

I have n o t  t r i e d  to  do  a  complete  i n t e r p r e t a t i o n  o f  
t h i s  d a t a  a t  t h i s  p o i n t  i n  t i m e .  I am j u s t  showing you 
some t y p i c a l  r e s u l t s  f o r  whatever  they  a r e  worth r i g h t  now. 

( S l i d e  4 7 . )  

I d o n ' t  want t o  b e  p a r t i a l  t o  any p a r t i c u l a r  manu- 
f a c t u r e r  of cel ls  b u t  it j u s t  s o  happened t h a t  t h e  scope  
of t h e  proqram was such t h a t  w e  w e r e  l i m i t e d  t o  t e s t i n g  
on j u s t  cclls t h a t  w e  happened to  have in-house iu r i r t y  
t'lc pcriod of t ! ~ e  c o n t r a c t ,  an? ttllcse were l i m i t e d  a t  t h e  
t i m e  t o  t hose  a v a i l a b l e  of Gulton anu Cc?neral k:lcccric  
cclls. !Je d i d  n o t  have any new Cul ton  c e l l s  t o  tes t  a t  
t h e  t i m e  wh i l e  t h i s  t e s t i n g  was go ing  on ,  b u t  h e r e  is some 
d a t a  f o r  some G u l t m  12 ampere hour cel ls  a f t e r  one and a  
h a l f  y e a r s  of s h o r t e d  s t o r a g e .  

F.nd a s  i n d i c a t e d  h e r e ,  cu rve  A is s Fter C/10 
cha rge  f o r  s i x  minutes .  

Curve B exp lo red  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  cha rge  
t i m e  t o  12 minutes .  And you can  see t h a t  t h e  e f f e c t  was 
t o  r a i s e  t h e  v o l t a g e  l e v e l  and i n  t h i s  c a s e ,  i n s t e a d  of t h e  
cu rve  t u r n i n g  d o b ~ i  o u t  h e r e ,  t h e r e  seems t o  be a  f l a t t e n e d  
p o r t i o n .  

I n  g e n e r a l ,  it looks  l i k e  one way o f  t e l l i n g  t h e  
d i f f e r e n c e  between c e l l s  t h a t  appear  t o  be  i n  good condi -  
t i o n  w i t h  no s i g n s  of  s h o r t s ,  e i t h e r  t h a t  t h e  cu rve  o n  a 
l o g  t i m e  b a s i s  is e i t h e r  s t r a i g h t  o r  i t ' s  convex, i t ' s  
concave upward and whenever you have a  cu rve  t h a t  is 



concave downward, you might begin to suspect that something 
else is going on within the cell and is acting like a 
short. 

(Slide 48.) 

Here is some resistive calibration data, again for 
Gulton cells, in this case after three years of shorted 
storage. All these curves were run with the so-called 
standard set of conditions, C/10 charge for six minutes. 

Curves A and C, the circles open and closed, indi- 
cate the range of curves that we got with no exterr-1 
resistors applied just to indicate what the variabilities 
from one group of cells to the other might be. 

Curve B, for a 1,000 ohm resistor on the cells. 
And you can see here again at the end of 24 hours 1,000 
ohm resistance w-uid essentially have no difference be- 
tween those and cells with no resistance applied at all 
except possibly the fact that here we are beginning to see 
a spread of more than 10 millivolts. 

Still, if one were to apply, let's say, a 1.16 or 
1..18 criterion, you might be tempted to accept all those 
cells. 

Now 1,000 ohm resistance may indeed be perrectly 
acceptable for a given application, so you have to know 
what resistance you're trying to look at. Obviously, by 
the time you get out here to 48 hours, you have a dis- 
tinct drop in the curve. It is beginning to be concave 
downward and I think the presence of a resistor then be- 
comes obvious. 

Here again is a curve for 500 ohms and you can see 
how clearly distinguishable that curve is. 

Now most of the work to date has been with the so . 
called voltage decay test. We are now in the process of 
doing similar work with the voltage rec>-.ery test and also 
with the seven-day chargedstand test. We are looking at 
the exact shape of these curves and getting more quanti- 
tative data on what their inherent sensitivity might be. 



I only  have one set of curves  t o  show you a t  t h i s  
t i m e .  It's r a t h e r  incomplete.  But h e r e ' s  a  set of curves  
f o r  a vo l t age  r e c w e r y  test involving Gulton 15 ampere- 
hour cells. 

( S l i d e  49 . )  

Here again  the cells t h a t  w e  had t o  work wi th  had 
been on s h o r t  s t o r a g e  f o r  t h r e e  y e a r s  and t h a t  may a f f e c t  
t h e  r e s u l t s  t o  some degree. But shown h e r e  are r e s u l t s  
f o r  no e x t e r n a l  r e s i s t o r ,  t h e  c i r c l e s  f ~ r  500 ohm e x t e r n a l  
load and f o r  a  1,000 ohm e x t e r n a l  load.  

I d o n ' t  r e a l l y  k n ~ w  e x a c t l y  what t o  make o f  t h i s  
d a t a  y e t .  I t  appears  t 5 a t  g e n e r a l l y  speaking,  t h e  ~ $ 1 1 ~  
wi th  t h e  l i g h t e r  loads  rose  f a s t e r  toward t h e i r  f i n a l  va lue  
than  those  wi th  t h e  500 ohm load,  b u t  t h e r e ' s  a  l o t  of  
over lap  and I ' m  n c t  j u s t  s u r e  what w e  a r e  going t o  f i n d  o u t  
i n  terms of t h e  o v e r - a l l  shape of t h e  curve. 

A s  you can see, t h i s  d a t a  happens to  s t o p  a t  24 
hours because a l l  t h e  c e l l s  except  one -- t h i s  was j u s t  one 
low one he re  -- had reache6 a c e r t a i n  l i m i t  b u t  we a r e  
extending t h i s  test  a l s o  t o  72 hours t o  see whether w e  can 
f i n d  o u t  anything more. 

So t h e  outcome, hopefu l ly ,  of  t h i s  work i s  going t o  
be some much g r e a t e r  i n s i g h t  i n t o  what i s  going on dur ing  
t h i s  kind of  t e s t i n g ,  maybe a b e t t e r  way t o  p r e s e n t  and 
d i s p l a y  t h e  d a t a ,  and hopeful ly  more knowledge as t o  how 
t o  i n t e r p r e t  t h e  d a t a ,  and some recommendations f o r  i m -  
proving our  approach t o  making t h e s e  k inds  of tests. 

Thank you. 

WEBSTER: Thank you, D r .  S c o t t .  

A r e  t h e r e  ques t ions?  

J .  H.  SCHULMAN: Joe  Schulman, PSI. 

Did you look i n t o  t h e  ques t ion  of how: long you should 
l eave  t h e  cel l  shor ted?  





SCOTT: To a l i m i t e d  e x t e n t .  I t  is obvious t h a t  i f  
you do- I guess you ' re  t a l k i n g  about  l eav ing  t h e  s h o r t  
on a f t e r  yoa do t h e  d i scharge  j u s t  p r i o r  t o  p u t t i n g  i n  t h e  
s h o r t  charge. Is t h a t . r i g h t ?  

J. H .  SCHULMAN: Yes. 

SCOTT: W e  have looked a t  t h a t ,  extending over  a  
pe r iod  from four  hours t o  24  hours,  and d o n ' t  see any d i f -  
f e rence ;as  long a s  you do a cond i t ion ing  charge i n  t h e  
manner t h a t  I have i n d i c a t e d ,  it does n o t  appear t o  -- i n  
t h a t  range does n o t  appear t o  make any d i f f e r e n c e .  

J. M. SCHULblAN: What about  open c i r c u i t  recovery? 
Does it have any e f f e c t  on t h a t ?  

SCOTT: I d o n ' t  know y e t .  We a r e  looking a t  t h a t ,  
yes.  Obviously again  i f  you-- We do know, a s  o the r  
people have ind ica ted ,  t h a t  i f  you d o n ' t  do a  f u l l  charge 
and a d i scharge  w i t h i n  a  s h o r t  per iod  of  t i m e  p r i o r  t o  t h a t  
vo l t age  recovery test you can g e t  any r e s u l t s  you want. 

I n  f a c t ,  j u s t  f o r  informat ion ,  when we took c e l l s  o f f  
of s t o r a r ~ e  where they had been shor ted  anywhere uv tc  
t h r e e  y e a r s ,  we im~ncdiately did a vo l t age  recovery test  
every t i n e ,  and usua l ly  t h e  r e s u l t s  were t h a t  t h e  v o l t -  
ages never recovered t o  more than .2 o r  . 3  of a  v o l t  after 
those  long shor ted  per iods .  

So w e  know t h a t  t h a t  vo l t age  recovery test follow- 
ing  a long s h o r t  down is  no t  an i n d i c a t i o n  of anything 
except  t h e  c e l l  is completely d ischarged.  

SULKES: Sulkes,  USAECDM. 

On t h e  vol tage  racowery t e s t  o r  I should say v o l t a g e  
decay t e s t ,  have you ever  considered running it a t  low 
temperature so  t h a t  thci c e l l  i tself d ischarged p o r t i o n  
would be separa ted  out7 

SCOTT: Yes, indeed. I th ink  t h a t ' s  an  obvious 
th ing  t o  do. W e  were n o t  a b l e  t o  do it w i t h i n  t h e  scope 
of t h i s  p a r t i c u l a r  program b u ~  i f  anyone wishes t o  
s e p a r a t e  those  two even more c l e a r l y ,  c e r t a i n l y  t h a t  is t 



b e  done a t  l o w  tempera tures .  

KRAUSE: D r .  S c o t t ,  i f  w e  c o n t i n u e  t o  u s e  t h e s e  k i n d s  
o f  tests l i k e  t h e  v o l t a g e  decay test and w e  f i n d  some cel ls  
have 500 ohms a p p a r e n t l y  on them and o t h e r s  pe rhaps  one K 
ohm, could  you v e n t u r e  an  o p i n i o n  as t o  what t h e  u s e f u l  
l i f e  o f  t h a t  ce l l  might be? What is  r e a l l y  normal? What 
do  w e  d o  w i t h  t h e s e  r e s u l t s  i n  terms of  s c r e e n i n g  c e l l s ?  

SCOTT: Well, I was n o t  p repared  t o  v e n t u r e  such  an  
o p i n i o n  r i g h t  now. I d o n ' t  r e a l l y  know c l e a r l y  what t h e  
answer t o  t h a t  q u e s t i o n  is. 

The answer t e n d s  t o  lie-- Well, l e t ' s  s a y  t h e  ques-  
t i o n ,  i f  you have X ohms now, is t h a t  going t o  remain t h e  
same o r  go up or  go down w i t h  f u r t h e r  use  o f  c y c l i n g  of  t h e  
c e l l ?  I am n o t  prepared  to  s a y  where it i s  going  t o  go. 

Gene ra l ly  speaking ,  I t h i n k  t h e r e  is a  f e e l i n g  t h a t  
t h e  l onge r  t h e  l i f e  or  t h e  g r e a t e r  t h e  c y c l i n g ,  t h e  g r e a t e r  
t h e  chance t h a t  t h e  ce l l  h a s  some k ind  o f  r e s i s t i v e  o r  
i n t e r n a l  d i s c h a r g e  p a t h ,  b u t  I ' m  n o t  convinced t h a t  t h a t ' s  
t h e  c a s e .  

DUNLOP: Two groups of d a t a  you p r e s e n t e d  showed one 
group o f  cel ls  where there was s o r t  o f  a t a i l - o f f  a t  t h e  
end a f t e r  about  48 hour s ,  and a n o t h e r  group o f  cells i n  
which -- t h e s e  were two d i f f e r e n t  manufac tu re r s  -- i n  
which they  t end  to  be  c u r v i n g  up, or t h e r e  was n o t  t h i s  
t a i l i n g - o f f .  

Now d i d  you do a  f u r t h e r  a n a l y s i s  to  t x  ,i + :: ; terminc 
i f ,  f o r  example, t h e  q u e s t i o n  o r t h e  po;.n', th: :, .. . kro::ght 
up abou t  t h e  spac ing ,  o r  what 1 &re t h e  d i f f e r c l  r n s ,  r l  ' :d 

you f i n d  any d i f f e r e n c e s  between t h e  t w o  c e l l s ?  ? ,: 

do you accoun t  f o r  t h e  d i f  Perences  between t h e  C : ' I - , A  . . 

SCOTT: F i r s t  of  a l l  your  l a s t  q u e s t i o n   firs^. 

No, w e  have n o t  looked i n t o  t h e  q u e s t i o n  of  what t h e  
i n t e r p l a t e  spac ing  i s  i n  any d i f L e r e n c e s  between t h e  cel ls ,  
a t  least s o  f a r  i n  t h e  program. Tha t  was n o t  p a r t  o f  t h e  
o r i g i n a l  purpose of  t h e  s tudy .  However, it  c e r t a i n l y  is a  
key p o i n t .  



I t h i n k  though t h a t  t h e  r e a m n  f o r  t h e  d i f f e r e n c e  
i n  t h e  s h a p e  o f  t h e  c u r v e s  t h a t  we a r e  sc i n g  may n o t  b e  -- 
w e l l ,  n a y  o r  may n o t  b e  a s s o c i a t e d  w i t h  t h e  s p a c i n g ,  b u t  I 
t i l i n k  i n  t h e  case where w e  saw t h e  c u r v e s  conT,-ex upward, 
I b e l i e v e  a l l  t h o s e  cells w e r e  i n  b e t t e r  c o n d i t i o n .  T h e r e  
was r e a s o n  t o  b e l i e v e  t h a t  t h e y  were  newer ~211s. 

I n  f a c t ,  t h e  o n l y  ce l l s  I b e l i e v e  t h a t  we saw o f  t h a t  
s h a p e  aere newer cel ls .  A l l  o f  t h e  cells t h a t  had been 
s t o r e d  o v e r  a  l o n g  p e r i o d  o f  t i m e  t e n d e d  t o  show some r o l l -  
o f f ,  a t  l e a s t  a f t e r  4 8  h t ' : ;~ ,  - h i c h  i n d i c a t e s  t o  me t h a t  
t h e r e  is someth ing  behavinq as a<! l e a s t  a small, b a r e l y  
d e t e c t a b l e  s h o r t i n g  mechanism g o i n g  on i n s i d e  t h e  cel l .  

What I ' m  s a y i n g  i s  t h a t - -  Well, one  p o i n t  I s a i d  I 
was g o i n g  t o  comment on b u t  d i d n ' t ,  a n d  t h a t  is  t h a t  it is 
i n t e r e s t i n g  t h a t  i f  you p l o t  and ;oak c a r e f u l l y  a t  t h e  
chape o f  t h e  c u r v e s  ~:ot te .3  an a 5emi-long p l o t  hs we 
h a v e  h e r e ,  f o r  t h e  c u r v e s  w i t h  resist ive l o a d d  ior  a  cer- 
t a i n  aumber o f  h o u r s  t h e y  f a l l  away -- a  r e a l  good,  
s t r a i g h t  l i n e  on a  semi-long p l o t ,  and o n l y  a f t e r  X h o u r s  
d o  t h e y  b e g i n  t o  r o l l  o f f  and go  down. 

So t h a t  3 c p e n d i n ~  uyon t h e  s i z e  of t h e  resister you 
! ~ - ~ v c .  even  o n  "lis k i n d  oE p l o t t i n y  yon c a n n o t  d i s t i n g u i s h ,  
bascd on a  s t r a i g h t  l i n e  between a  r e s i s t i v e  loac? and PJ 
r e s i s t i v e  l o a d .  You have t o  w a i t  u n t i l  t h a t  s t r a i g h t -  
l i n e  p o r t i o n  -- u n t i l  you c o w  to  t h e  end  o f  t h a t  and t h e n  
you c a n  see t h e  r o l l - o f f  and t h a t  would b e  t h e  v a l u e  o f  
e x t e n d i n g  t h e  p e r i o J  o f  t h e  test beyond 2 4  h o u r s ,  i t  l o o k s  
l i k e  r i g h t  now. 

AP'4ANTROUT: Armant rou t ,  P h i l c o .  

q n  t h i s  p a r t i c u l a r  b a t c h  :f c e l l s ,  I bm f i i m i l i a r  w i t h  
them from my employment w i t h  TRW. I know t h e y  were 
s h o r t e d  f o r  t h i s  p c r i ~ o d  of t i n e .  

What c o n d i t i o n i n g  d i d  you do t o  t h e  c e l l s  p r i o r  t o  
d o i n g  t h e  s t a n d a r d  c h a r g e  retention test i n  t h e  way o f  
c y c l i n g ?  T h a t ' s  one  q u e s t i o n .  

The o t h e r  q u e s t i o n  i s :  They p r e v i o u s l y  had an  ,rC 
irnpcdencz tes t .  IIavc you a t t e m p t e d  t o  c o r r c l a t c  any o f  



those results with the results you're getting now? 

SCOTT: Your first question: Most of thcise results 
that I'm shoiiing you here follow one cycle, a 24-hour-plus 
cycle prior to doing the charge retention test. It looks 
like one cycle, done properly, is ~dequate for condition- 
ing for performing this test. You can do more but it 
doesn't seem to make any djfference. 

We did mkasure impedence, AC impedence of most of 
these cells from which the data you have was shown, after 
re~.oving them from storage and taking off the shorts, after 
the first conditio~iqg cyclz following the short down, and 
those impedcnccs were within the normal ranqe that we see 
on fairly new cc!lls. 

For example, m the 12 ampere-hour cell, it is about 
four to five milliohms; on a 24 ampere-hour cell it is two 
to three milliohm . 

CORBETT: I was very intere5ted in t k . 2  comment :ou 
rrade when John Arnantrout asked  his question, and that is -- 
or I ~ J U P S S  it ~ a ?  just x f o r ~  t;lat, what you ~ ~ ~ i d  about 
t I ?  vol?lr;c (3x1 ;I ~ c r i i o c -  : : l o t  k i n ?  very linear an(! t:len 
?-!.~y~in,; a su.l('.cr~ c! rolmff . 

If you ~ u l d  plot that on a linear tine scale it 
would be much like what you. get on a true charge retention 
test. It's a voltage time test for a battery discharge 
and youtre simply, I believe, running out of capacity. 
Lou know, you've cpt sorlle fixed shunt load and yoz're 
runninq out of capacity. 

SCOT':: On a linear tirne scale it's a linear S-shaped 
discharge curvc 

CORBETT : High t . 
And if the qucstion is you don't know what kind G' 

capacity is in the thing in the beginning, then how do you 
know what kind of a shunt load is on it at t h ~  end? In 
other words, I think we're really back at the same problem 
again. 



I f  you d o n ' t  know how much c a p a c i t y  is t h e r e  and what 
t h e  cel l  i n t e r n a l  r e s j s t a n c e  is ,  how can  you make t h i s  test  
r e a l l y  meaningful? 

And t h e  follow-up t o  t h a t  i s  you made a comment abou t  
one l o t  of cells  could  be  p r o j e c t e d  i f  you had a  1.19 
c r i t e r i o n ,  t h a t  t hey  would b e  accep ted  -- r e j e c t e d  w i t h  
1.19.  and they  would b e  accep ted  wi th  a 1.16 v o l t  cri- 
terir- a. 

Ly q u e s t i o n  i s  why would you want t o  r e j e c t  them 
w i t h  a 1.16 c r i t e r i o n ,  o r  a  1.10 o r  a  1.19 i n  terms o f  real 
usage? 

SCOTT: Your f i r s t  q u e s t i o n  is-- I t h i n k  it may t u r n  
o u t  t h a t  you have t o  a c c e p t  a  c e r t a i n  e q u i v a l e n t  resist- 
ance i n  t h e  cell i n  o r d e r  t o  g e t  you o u t  of  t h e  n o i s e  l e v e l  
i n t roduced  by r e s i d u a l  cha rge  i n  t h e  cel l .  I d o n ' t  know 
what t h a t  number is, b u t  I would hope t h a t  one cou ld  s a y ,  
w e l l ,  f o r  a g iven  s i z e  cel l  I need t o  d e t e c t  -- I would 
l i k e  t o  d e t e c t  500 ohms. I f  I can  d e t e c t  t :m t  o r  any th ing  
lower i t ' s  a l l  r i ? h t ,  and any th inq  above t h a t  I w i l l  ac- 
cept. 

t l e l l ,  mayhe by do ing  t h a t  you could  avoid  argument 
a s  t o  what the e f f e c t  of t h e  e x a c t  s t a t e  of t h e  cha rge  i s .  
T h a t ' s  a t r i c k y  p o i n t  which is s t i l l  d e b a t a b l e .  

I t h i n k  eve ry  u s e r  is s t i l l  going t o  have to  exe r -  
c i s e  some judgment a s  to  what k ind  of  c r i t e r i a  he  wants tb  

app ly ,  anL a l l  t h a t  w e  a r e  t r y i n g  t o  do  i s  r e a l l y  j u s t  t o  
p rov ide  a d a t a  b a s e  on which t o  do some n o r e  c o g i t a t i n g .  

On your second ques t ion- -  I ' v e  f o r g o t t e n  t h e  second 
q u e s t i o n .  

CORBETT: Why would you r e j e c t  cells w i t h  a  1.16 
c r i t e r i o n ?  

SCOTT: Well, it looks  t o  m e  l i k e  i f  you had t h e s e  
f u l l  cu rves  t o  look a t ,  why not?  That  is, I t h i n k  i f  you 
d i d n ' t  have t h e s e  f u l l  cu rves  to  look a t ,  you cou ld  have -- 
a  1.16 could  correspond t o  a 500 ohm resister whereas a 



1.19 or 1.20 or even higher could correspond to two or 
three thousand ohms. 

If you had your druthers, wouldn't you rather reject 
cells that had the highest equivalent resistance that you 
can? 

CORDETT: If you know that they are brand-new, when 
you have a very limited amount of initial testing and 
initial cycling on the cells w h e ~  the tests are made. 

I think one of the problems we have is +hat we get 
some cycling done at the cell vendor and we come in and 
we match cells in-house, and you may keep the battery 
around for some time and you run the tests before you fly, 
and I'm not sure it is as valid a test then as it was when 
the cells were initially procured. 

SCOTT: Well, you raise a good question. I'm not 
sure that the test-- Probably the test is going to be a 
lot more valid and less argumentative when it is done on 
a brand-new cell than at any time thereafter. It could 
turn out t h a t  way. It looks like that is what is going to 
h a p e n .  

CORBETT: Cells certainly run for years after they 
have a very significant shunt resistance. You can put 100 
ohms across them and they will just run for years and 
years if you have a trickle charge on your system, which 
most power systems have. 

WEBSTER: The last question by Ford and then we have 
to break for lunch. 

FORD: So far you have addressed yourself to the 
ohmic aspect, the resistance aspect of this testing. Have 
you considered the implications that the test results may 
be telling you about the electrochemical aspects of the 
cell as Ear as the amount of electrochemical precharge, 
and I use that term to clarify the term "precharge," 
electrochemical versus chemical. 

Also, do you plan to look into the effect t5at the 
state ~f charge on the negative electrode has on either 



type of test? 

SCOTT: Certainly I recognize that the state of 
charge of the negative can have an impact theoretically. 
We have had problems in the past which suggest that that's 
the only explanation for what we see, is that with in- 
adequate precharge when you discharge the cell all the way 
down to zero, if you are negative-limited, the negative 
potential controls the cell voltage and you don't know 
what the test means under those conditions. 

However, the program that we are working on is very 
limited in scope and we won't be able to consider those 
refinements . 

WEBSTER: Thank you, Will. 

(??hereupon, at 12:45 p.m., the workshop was 
recessed to reconvene at 1:30 p.m. the same 
clay . ) 



AFTERNOON SESSION 
(1:40 p.m.) 

IV.4 THE ACCELERATED TEST P R O G W :  D. MAINS/NAD CRANE 

We have approx imm te l y  f i ve  more spea ker6 lei  t , and our 
first speaker w i l l  be Don Mains from Naval Ammunition Depot 
a t  Crane, Indiana, and he rill be addresuing t h e  s u b j e c t  of 
acce le ra ted  tests. 

MAINS: Thank you, B i l l .  

For t h e  p a s t  s e v e r a l  yea rs  we 've been telling you 
about t h e  acce le ra ted  test program, its progress a t  Crane. 
I 'a g lad  t o  announce t h a t  it ia under way, and w e  do have 
some prel iminary r e s u l t s  t h a t  I would l i k e  t o ' p r eoen t  to- 
day s o  t h a t  we a l l  see where re s tand.  

(S l ide  50 . )  

To s t a t t  of f  wi th  I ' l l  g ive  a quick run-down on what 
w e  're t a  lkiw about i n  t h e  prwram. 

The ce l l s  a s  they 're received a r e  f ab r i c a t ed  i n t o  
packs, a d  then  each one of them run. through t h e  base l ine  
test. Thia g ive  us  a ba s i c  package of information t h a t  is 
i d e n t i c a l  a s  f a r  a s  environmental cond i t i ons  on each bat -  
t e r y .  

Then they go i n t o  cyc l ing  on t h e i r  g iven matr ix coa- 
d i t i o n s .  #roo t h a t  po in t  then  they ' re  e i t h e r  removed pe r  
schedule which was developed through NASA a d  t h e  A i r  Force 
o r  they f a i l ,  e i t h e r  w i th  preaaure  t r ansducers  on them o r  
without ,  And t h U  then governs what type of post -cycl ing  
analyoim i s  done, f i n a l l y  endiap: up wi th  a phyoica 1 and 
chemical a m l y r i s  of the cel l  i t a e l f .  

In  add i t i on  t o  t h i o ,  the., t h e  da ta  is analy-jd f o ~  
t h e  s t r t i e t i c a l  r e s u l t s  t h a t  w e  can  a r r i v e  a t .  



A t  t h e  preaent time we huve the  s t a r  po in t  i n  normal 
t e s t a  and have s t a r t e d  eorre of the  f r a c t i o s r l  f a c t o r i a l  
p r o e r a  on the t ea t .  80 t h i s  fzivea you some idea of how 
many ba tteries re have an test, a lso the  r e l a t i v e  number of 
cycles a t  test condi t ions  raneiag from about f i v e  t o  a 
little over 1900 a t  t he  preeent  time. 

(Slide 5 2 . )  

t hen  we receive t h e  c e l i o  we a180 receive i n f o o u t i o n ,  
o r  a l l  t he  t e a t  r e s u l t s  from the manufacturer. So what re 
have d o u  is taken a look a t  soma of t h i s  da ta ,  cor re la ted  
the  yreasure vetsue voltage -- I ' m  s o r r y ;  precharge versua 
voltage. We have the precharge, t h e  amount of potaseium 
hydroxide, and the  potassium hydroxide concentration. 
This is t o  g ive  you an idea of har the  r e s u l t s  a r e  d i s t r i -  
buted f o r  the precharge here. 

(slide 53.) 

For t he  amount of potassium hydroxide versus  voltage. 

(Slide 5 4 . )  

And f o r  t h e  concemtration of potassium hydroxide. 

The voltage data d i d  not r evea l  any major s i g n i f i c a n t  
d i f fe rences  among the  t h ree  d i f f e r e n t  groups of data. 
Eorever the  r e s u l t s  on the  percent  of YOH did  g ive  the  most 
surpr i s ing ,  i n  t h a t  30 percent  seemed t o  g ive  a lower vo l t -  
age l e v e l  than the  other two. We seemed t o  have a low 
poin t  a t  about 30. 

We a 180 looked a t  t he  s a m  data  compared t o  pressure. 
This was f o r  t h e  amount of potassium hydroxide. 

This one i8 on the amount of precharge versus t he  





(Sl ide  5 7 . )  

And t h i s  one is on t h e  concen t ra t ion  of potassium 
hydroride ve rsus  pressure. 

M a i n ,  t h e  d i f f e r e n c e s  a r e  not  very  s i g n i f i c a n t .  8ut 
you can see t h a t  t he  38 percen t  does g i v e  a  coneiderably 
h a h e r  p ressure ,  a l s o  a  l o t  l a rge r  spread on t h e  data .  

We've done a  similar analymia on t h e  test r e s u l t s  t h a t  
G.E. d id  on t h e  16-hour charge. By t he  way, t h i o  wae on 
t h e  72-hour charge on G.E. We d id  t h e  s a w  t h i n q  f o r  t h e  
16-hour charge t h a t  G.E. r a n  a t  32 degrees  Centigrade and 
compared it wi th  t he  t e a t  r e s u l t s  t h a t  we had on a  a im i l a r  
charge a t  20 degrees  Centigrade, and t h e  da ta  c a w  ou t ,  f o r  
a l l  p r a c t i c a l  purposes, i den t i c a l .  

One l a s t  item: The purpose of t h e  whole prooram is t o  
come up wi th  even tua l ly  wi th  a p r e d i c t i o n  t o  f a i l u r e .  

This ,  I want t o  say ,  is a very yre l imiuary  approach on 
t h i a ;  the  f i r s t  column being t he  pack numberr, t h e  mecond 
being t he  scheduled f a i l u r e e .  These a r e  t h e  nuubers we 
have umd on these  p a r t i c u l a r  packs t o  gauge o u t  our remov- 
a l  c e l l o .  The numbers were a r r i v e d  a t  by D r .  Landera of 
t he  A i r  l o rce .  

The Cram pred ic t ion6  t o  f a i l u r e  uae t h e  information 
t h a t  D r .  Landere had a r r i v e d  a t .  P l u s  we've t aken  t h e  re- 
e u l t o  of the f i r s t  f i r e  c y c l e s  and inpu t ted  them u o i w  t h e  
Unnon technique, o r  the vo l tage  t o  1.25 v o l t o  to come up 
wi th  the new p red ic t ions .  

A s  more da ta  beeoms  a v a i l a b l e ,  and a s  we begin t o  eet 
ia i lu rem,  t h e m  w i l l  con t i nua l l y  be m f  imd. But I 
wanted you t o  mee a t  l e a e t  so ls  of t he  reaul tm w a r e  get- 
ti-, and t he  idea t h a t  t o  the preoent  time wet hare  bemn  
t o  p red ic t .  HOW good t he se  a r e ,  only time rill tell. 







IV.5 OSO TEST RESULTS: W. WEBSTER/GSFC 

The mmt topic  of conversation i o  the  r e s u l t s  of the  
980 chrrrcteri%ation. Theme tests wre perfarmed by my- 
nlf a t  Ooddard. 

The cells were procured by HuOhea according t o  a spec&- 
f i c a t  ion whiah r r o  modelad 8round the Ooddard sp.oi i icat ion.  
I t  has a Hwhes number of AS 3l331-132. Emmentially t h y  
have t o  h8ve a maatire-to-posit ive r a t i o  a roa ter  than 1.5. 
I t  r h o  sp .c i f ied  t h a t  tba preehatge would be -- repre- 
eented a minimum of 35 percent of t h e  e w e a s  m m t i v e .  

Typic8 l l y  t h e  cells had around 3.3 ampare hour. of 
precharm, and they  were a nominal l2. Tbe r n u i a c t u r e r  
was Gemral  Electr ic .  

Almo t hem cellm were stored, some of t h e m  -re otored 
f o r  prolonmd perlodo of time i n  a n i t r w e n  atmosphere. 

The o r ig ina l  contract  n o  f o r  an order of about 300 
ce l lo ,  and w e  envioioned a t  f i r s t  haviae three utellites. 
The proerrno has ntr been reduced t o  one. SO re have an 
ezceso of c e l l o  tha t  a re  qual i f ied thlrt  a r e  on storram urr 
down a t  G.E. 

Also I mUht mention t h a t  t h i s  technique has r h o  been 
uoed, and qui te  ~ucces8fu l ly  eo, with Gulton Indumtries on 
tho ATS-? prapram. We s t o r e  a couple of hurdred cells up 
there. They 're stored up there  i n  an Argon atmosphere, asd 
a r e  activated when we need them. 

This makes f o r  ae re ra l  advantaaee. Ooe, you have a 
quick tu rn l round  ti- when you need cells, and, two, if a 
proerar  phase. out e s w n t i a l l y  you have v l rg in  cells, be- 
cause they haven't been activated,  a d  t h e y  bcom a v a i l b l a  
f o r  moutmr program. 

We ran a n r i e e  of t e a t s  p r i o r  t o  conditioning. L e t  



me t e l l  you what we're condi t ionina  f o r  and what t e s t a  they 
are0  

Th i s   pacec craft c o n s i s t s  of a vo l t a ee  clamp sys t em 
which has  e U h t  b v e l a  w h a h ,  i n  o r i g i n ,  evolved around the 
QAO philosophy. However the vo l tage  l eve l .  were c u r t a i l e d  
q u i t e  a b i t .  I t  wae found t h a t  on WO t h e  upper l e v e l s  
were never used, eo thrt they were darn-shi f ted  t o  p ive  u s  
1 l e v e l  The d e ~ ~ n r t i o n b e c a n  00, OD 1, on up t o  6. 

I n  add i t i on ,  t he  o r i p i n a l  i n t e n t  of t ho  program war t o  
have a t h i r d  e lec t rode .  Tbe t h i r d  electrode, however, f o r  
c o a t  considera t ion8,  wam de le ted .  so the  a c t u a l  mprcecraft  
which w i l l  b launched, poss ib ly  i n  March of t h i s  year ,  
rill have simply a vo l t age  clamp oystem, a charge r a t e  of 
C/10 amel e U h t  l eve l s ,  w i th  no t h i r d  electrode. 

However, since we went through t h e  c h a r a c t e r i t a t i ~ a ,  
r ccuru la ted  t h e  da ta ,  we're going t o  p r e sen t  it here ,  a d  
tho8  po8oibly people can make use of it. 

Our  i m i t i a l  cond i t ion ing  of t h e m  cell8 a t  C/20 yie ld -  
ed 15.7 amjmre houre and very lor pressure.. A t  t h e  end of 
48 houre' charge we g o t  i n  t h e  neiichborhcmd of 13 to 18 
pounds y e r  square inch absolute .  Then they were subjec ted  
t o  s h o r t  teet, which t h e y  a l l  prased. 

The next  p a r t  of ow- cbaracter i r ;a t ion  wa8 to  s u b j e c t  
t h e  cells t o  a dacrde box f a r  determining t h e  optiarm re- 
e i s t o a  t o  be used 2- the  t h i r d  e l e c t r o d e  s&nal .  

The remilt. of theme tests a r e  shorn  on t h i o  curve. 

Tbe r a y  t h a t  t h i s  test was performed is t h r t  t h e  cell. 
were charged a t  a very lor conotant  c u r r e n t  and mllowed to 
come t o  equ i l ib r ium f a r  m n t y - f o u r  houre before  t h e  d r t a  
r a a  ob t a imd .  The da ta  ram obtained by m i t c h i n g  a v r r h b l e  
r e r i a t o r  bos i n  increments of 1, 2, 5 and 10 u n i t s  of re- 
istrace. And t h r n  it would go 100, 1000, 10,000. And 
t h e m  d r t a  point. rere acquired  a t  three d i f f e r e n t  tempera- 
t w o s ,  0 deorees ,  15 and 25 demees C. No o t t e w t  war made 



t o  keep ths poundr per square inch eonatant .  But they came 
i n  p r e t t y  c loae r You oan ree it raaemr f ror 23 t o  28 pound. 
pe r  square inch. 

So you me w h a t  people have shown before ;  t h a t  is, that 
a r  tho  t e w r a t u r e  bocolrss co lde r  t h e  rUm1 becamem lover. 

A&O we a r e  i n t e r e s t ed  i n  o b t a i n i n p -  We p l o t  t h i r  
r e s i r t a n c e  ver6us  t h e  power, not ve raur  t he  milZivolt8. And 
t h i .  is becaure re f e e l  t h a t  t he  power g i v e s  ua t h e  g r e a t -  
er t  n n r i t i r i t p ,  t h a t  ir,  f o r  orre pound we see the a r e a t e a t  
chanpe. 

(Sl ide  60.) 

Next I n s  in te reo ted  in-- The cel l  pack cons i s t ed  of 
f i v e  cells, four  of which were t h i r d  e l e c t rode ,  60 I war 
i n t e r e s t e d  i n  what n o  t h e  v a r i a b i l i t y  of s i g n a l  under any 
one cond i t ion .  So here re had conatant  temperature, cur- 
t 4 a The vo l t age  had reached an  equi l ibr ium,  it 
war not  clamped, of 1.46 vo l t s .  And t h i a  i a  how the  t h i r d  
e l e c t rode  s U n n 1  var ied  i n  t he  temperature i n  t h e  pack from 
cel l  t o  cell. 

AXXI j u o t  a gene ra l  s tatement I could make a t  t h i a  
po in t  is t h a t  i f  you were ~ 0 l l 8 i d t r i ~  cells i o r  f l i g h t  uue 
yau would probably throw o u t  the top  cell: it r eeu  way 
o u t  of l i n e  wi th  the r e a t .  

(Slide 61.) 
Afte r  completing t h a t ,  our  next s t e p  r a n  t o  run a 

o0 70-hour overcharge test. And t h e  r e r u l t u  of these  rill 
become very i m o r t a n t .  I wish you would kind of look a t  
t h i .  and remember it, because a 8  t h e  c h a r a c t ~ r i z a t i o n  test8 
conclude, we had t r oub l e  wi th  t h i ~  p a r t i c u l a r  test. So 
t h i r  is the  i n i t  i a  1 f i n d  inrrs. 

I 

O u r  vo l t age  peaked a t  1.52 and then c a w  down. And our 
p r e r su r e  s t a b i l i z e d  a t  about 54 or 55 prunds pe r  square 
inch absolute .  And t h a t  ehors- 1t 's  p l o t t e d  ve rsus  
ampere hour8 in. I t  r r s  a C/10 charge r a t e ,  0 degree# C. 
f o r  72 hours. 

Our n e x t  s t e p  was to run  r series of s tandard capac i ty  



checks;  ' s tandard '  meaniw charging a t  ~ / 1 @  rrte a t  0, 
15  degrees C. and 25 degrees C., and discharge  a t  C/2, 

We found t h a t  a t  25  degrees  C. we g o t  15 and a5 8Were  
hours ou t ,  and a t  15 degrees  C. we g o t  15 ampere hours ou t ,  
and a t  0 degrees w e  p o t  14,3 aqpere hours ou t ,  wi th  t h e  
undercharge pressure  kine approximate 1, 30 psi. 

Our  next step i n  the  c h a r a c t e r i e r t i o n  n s  t o  run  a 
burn-in c y c l e ,  The purpoee of tL. Surn-in cyc l e  was t o  
s t a b i l i z e  t he  cellm p r i o r  t o  c h a r a c t e r i e i n g  t h e  cells f o r  
C t o  D r a t i o  ve rsus  va r ious  vo l t age  l i m i t s  on t he  charger .  

We r a n  app ro r i a r t e l y  two hundred cyc leo  a t  what n 
c a l l  Level 3 -- I ' m  s o r ry ;  Level 4,  r h i a h  was equ iva len t  t o  
1.448 v o l t s  per cell  a t  15 degrees  C. The elqphamis w i l l  be 
on 15 d e m e e s  C. because t h a t  is t h e  p ro jec tcQ opera t ing  
temperature of t h e  spacecraf t . 

Our C t o  D r a t i o ,  while  holdino a l l  thorn  t ~ ~ a r g s  con- 
o t a a t  -- that is, the  vo l t age  t o  charge c u r r e n t ,  the  telp- 
e r a t u r e  -- ranged, i n  C t o  D r a t i o ,  over  200 c y c l e s  from 
106 percent  t o  110 percent .  

Havine c o q l e t e d  t h i s ,  re went i n t o  t h e  a c t u a l  vol tage  
c h a r a c t e r i z a t i o n  of the cel ls  f o r  t h e  charger ,  

( s l i d e  6 2 . )  

The r e s u l t s  a r e  ohorn on t h i s  s l i d e .  

The charge r a t e  f o r  the up.rcecrait  i r  3.2 a w s ,  t he  
d ischarge  r r te  is a l s o  3.2 amps, The depth of d ischarge  
is 16 percent .  1t's a 36-minute dimchrrge and a 60-minute 
charge c y c l e ,  And we charac te r i zed  t h e  t h r e e  d i f f e r e n t  
temperatures,  0, 15 and 25 degrees,  

The var ious  charger leve l .  would be represented  -- 
00 would be the f i r s t  orre you would read ,  0, 1, 3, 3, a l l  
t h e  r a y  up t o  6. 

A s  I s t a t e d  before,  1.5 degrees  C. im t h e  t e q p e r a t u r t  
a t  which the spacecraf t would opera te ,  mo t h a t  'e the o m  
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t h a t  we're most in te res ted  in. 

To f i l l  i n  t h a t  curve some more with  mrs more 
c h r r a c t a r i c t i c a :  it was noted t h a t  between b v e l  00 and 
Lmvei 3 the  preasure 8tayed belaw 1 atmosphere; t h a t  is, 
the  highest  it got waa 11.8. 

The end of charge cu r r en t  between Level 00 and Level 3 
ranaed betweem a half of an amp and .4 amp. Then a t  
Levels 4, 5 and 6, the  l a s t  three data  po in t s  on each 
curve, a t  15 degree6 C. i n  p a r t i c u l a r ,  t he  end of charge 
cu r r en t  was,at Level 4, .I amp, a t  Level 5, 1.04 raps, a t  
U v e l  6, 1.28 raps. And the  pressure increased correspand- 
i ~ l y :  17 p s i ,  23 and 31. 

Without going i n t o  the  d e t a i l s  of what the  character- 
istics wera f o r  the  other  temperatures -- t h a t  is, 0 and 25 
degrees, it s u f i i c e s  t o  say t h a t  the  cu r r en t s  were i n  the 
same genera l  region,  and a l s o  t h a t  the end of charae pres- 
su re s  n r e  i n  t h e  same genera 1 region;  t h a t  is, genera l ly  
speakinp, out  of these  e h h t  l eve l s  w e  have very low pres- 
su re  cells. 

N o r  what i s  a l s o  i n t e r e s t i n g  t o  see is t h a t  up t o  
about Level 4, which would be t h i s  po in t  here, we're main- 
t a in inu  the c e l l s  a t  ao  more than about 110 percent  of t h e  
spacecraf t  operating conditions. ~t 's an t i c ipa t ed  a t  t he  
present  time t h a t  the  spacecraf t  w i l l  be hunched either on 
m v e l  2 or U v e l  3, so t h a t ' s  00, 0, 1, 2, 3, somewhere i n  
t h i s  region we're t a l k i n a  about 107 percent  C t o  D r a t i o  
I n i t i a  l l y .  

Upon corp le t ion  of t h i s  charac te r iza t ion  of t h e  ce 11s 
a t  t h e s e  voltage l i m i t s -  Ldt me s t a t e  a l s o  t h a t  these  
readinus of t h e  C t o  D r a t i o  a r e  accurate  t o  1 percent. 
Tbat was our electric aupere hour in tegra tor .  And a l so ,  we 
rquld  not go from one l e v e l  t o  another u n t i l  re  maintained 
a t a b i l i t y  f o r  a period of approrimately t e n  orbi ts .  

A f t e r  completimz t h i s  test we  perforned a spacecraf t  
capaci ty  d&charge; t h a t  ia t o  SayD the cell8 rere a t  
15 demeem C. awl we discharged a t  t he  3.2 allg r a t e  u n t i l  
re reached 1 v o l t ,  tba undervoltarm point; on the  space- 



. c r a f t .  We obtained l4,3 ampere hours out.  

We then performetd a r e i t e r a t i o n  of the  b a n l i m  
capac i ty  check a t  15 degrees C. and obtained 15 aapere 
h o u s e  

Then i n  t r y i w  t o  repea t  the  i n i t i a l  0 deuree over- 
charge test re  had our problems. 

(S l ide  63.) 

This is an at tempt a t  the  same test under tbs s a ~ e  
condi t ion,  t h a t  is, C/10, 0 dearees C. And crre a r e  going t o  
t r y  t o  charge t h e  cell f a r  seventy-two hours, You can see 
what happened a f t e r  approximately four teen  hours, where the  
ampere hours i n  was approximately 18 t o  19 ampere hours in. 
The voltage had s t a b i l i z e d ,  b u t  t he  pressure  had gone up t o  
about 72 psia .  So re terminated t h e  test by discharging a t  
C/2, abor t ing the  cells overnight, and then t r y i n g  it again 
a t  ~ / 2 0 .  

A t  ~ / 2 0 ,  t h e  same problem, It  d idn ' t  go away. We 
had our s a fe ty  l i m i t  set, an e l e c t r o n i c  pressure  transducer 
over t h e  top  of t h e  ce l1 , a t  75 ps i .  The vol tage k * d  trper- 
e d  dorn t o  1.49 but  the  pressure  had continued t o  . acream. 

So then the  quest ion came, Is it oxygen or is it 
hydrogen? 

Next you see bere a curve, t he  pressure  decay. Thia 
i a  open c i r c u i t  decay, so it would lead one t o  be! ieve that 
it was oxygen, indeed. I t  dropped dorn t o  lens  than an  
atmosphere i n  e i g h t  hours. 

We have no explanatione We do have some more chemical 
analysi .  f o r  s a l t s  i n  the  c e l l s  which rill be given tomor- 
row a s  a genera l  package of ana lys i s  of approximately 
twenty cella w e  have a t  Goddard. I t  d e t a i l .  ouch thinua a s  
negative-to-positive r a t i o ,  capaci ty ,  and everythinrr i a  
w h a t  everyom t h i n k .  it should be. 

We're poi- t o  f l y  the c a l l a :  w e  have no reason not to. 



Why I my t h a t  18, we've &d t b  ~011s on l i f e  C Y C ~ W  teats 
a t  W d a r d ,  and nor they're on test a t  Cram. FOT anyono 
i n t e r e s t ed  i n  f o l l o u i ~  tho test a t  Cram,  it's p c k  7C, 
and it has approximately 4000 cycles on it a t  10 C. and 
Level 3. 

In-house, w e  ran  approximately 4000 c y c l e s  on some 
cell8 which Hughes had a l ready run approxircrtely 1500 cycles 
on. The r e s u l t s  I have on t h i s  char t .  

(Slide 6 s . )  

Thie is operat ine  under what w e  envis ion t h e  nominal 
spacecraf t  condi t ions  being: 15 degrees C1, Level 3. 

You can see t h e  cycle numbere on the  s i d e  : 300, 1200, 
2100, 3100, 3900, and t h e  note a t  the bottom ind ica t ixu  
t h a t  1500 cycles had already been run a t  H u g h e s .  The end 
of discharge vol tages  a r e  kind of typica  1, thep 're decreas- 
ing,as thep should, with l i f e .  

End of charge is clamped a t  Level 3, a s  I indicated,  
and it is spread on e i t h e r  s i d e .  The end of charge cur-  
r e n t  is indicated a s  approximately .6 through a11  cycles.  
The pressure  doesn't  s e e r  to be increasing o r  decreasing,  
it's approximately a t  one atmosphere. And t h e  C t o  D r a t i o  
is f luc tua t ino  s l i g h t l y  between 107 and 109 percent.  

So these  cells seem t o  operate f i n e  under t h e i r  in- 
tended use. However they do not  pas s  t he  cold  temperature 
overcharge t e s t .  There is nothixu i n  t he  ana lys i s ,  and it 
was b u i l t  according t o  e s s e n t i a l l y  t h e  Goddard spec. So 
w e  have no answer, and I j u s t  pass  t h i s  information on f o r  
what it's worth. 

That concludes my t a  lk. 

Any questione or coaaente? 

KIPP: D i d  you have a r e a l  need t o  run t h e  0 degree 
C. overcharge a t  t h e  ~ / 1 0  r a t e ?  Was the re  a p r w r a a  need 
f o r  t h a t ?  Or was it j u s t  an a r b i t r a r y  number? 





WEBSTER: It  was an a r b i t r a r y  number. 

YIPP: I was th ink ing  of t h a t  ve r sus  20, which is t h e  
normal Goddard test. 

WEJSTEI: I t  was a r b i t r a r y ,  bu t  you w i l l  see tha t -  
Well, you don't  have the  background. But I do. I t  was 
run one time mistakenly a t  G.E. a t  ~ / 2 0 ,  and t h e  da ta  came 
i n  abdut  t h e  same l eve l ,  about  13 pounds to 30 pounds, 
around t h a t  range, over t h e  e n t i r e  cell base. And re tried 
t o  r epea t  it a t  C/20 here,  and of course  we r s n t  -- we 
would probably have gone over 75. We had not s t a b i l i z e d ;  
w e  j u s t  stopped t he r e  f o r  s a f e t y  reasons. 

FORD: I 'd  l i k e  t o  make t h e  p o i n t  t h a t  c/lO is very 
sa fe .  I t  i s n ' t  a Goddard requirement. 

WEBS'X7!R: It's a Hunhes requ i reaen t .  

IRV SCEULYAN: I th ink ,  wi th  r e s p e c t  t o  Mr. Kipp's 
ques t ion ,  j u s t  r e c e n t l y  w e  have seen  a phenomenon* e x a c t l y  
s i m i l a r  to t h i s  one. Thi8 was on a E.0. program where 
we tested some Gulton cells a t  0 decrees C. a t  C/10 f o r  
s i x t e e n  hours. And they passed t h a t  test. But subsequent 
tests f a i l e d .  Ths pressures r e n t  up. And w e  have no 
explanat ion  f o r  it. 

WEBSTER: Was it a l s o  oxygen pressure, a s  indica ted?  

IRV SCEUUUN: I t  was oxygen p ressure ,  yea. 

WEBSTeR: Okay. Thank you. 

GROSS: B i l l ,  d i d  you cyc& the  b a t t e r y  a t  t h e  lor 
teapera tu re  before you s t a r t e d  t he  overcharge test? 

WEBSTER: NO. This  r a e  -- In f a c t ,  t h e  p l ace  t h a t  it 
occurred was r a h t  a f t e r  the- We had j u s t  f in iuhed  our  
cha r ac t e r i z a t i on ,  which probably went In t he  sequence of 
15, 25 and then 0. And then re d i d  a couple of capac i t y  
checks, a s  I a r i d ,  a t  variouo temperatures.  So we had lrot 

c y c l e s  a t  c ~ l d  temperature prim t o  r u n n 1 ~  it. However on 
subaeqwnt  testizw r e  t r i e d  t h i s  about  f ou r  t i n e m .  So t h a t  



should auff  ice r s  so- type of cyclimz. And it rou ld  uever 
PIS.. 

GROSS: P r i o r  opera t ion  a t  higher temperature makes it 
d i f  f i o u l t  t o  get good perf  o r m n c e  a t  lor, tempetrature. 

GAllDEL: Bor we11 were you holding a t  0 degree C. 
t e q w r a t u r e ?  

WEBSTBR: Unbelievably -11. One degree. This  is an 
extremely accura te  set of expar i l rsn ta l  da ta .  The ampere 
hour i n t e g r a t o r  was accura te  to 1 percen t ,  the  c u r r e n t  
r egu l a t i on  was accu ra t e  t o  a hundredth of a pe rcen t ,  the 
temperature chamber was accura te  t o  p l u s  or minus 1 degree. 

Fred? 

BETZ: Concerning t h i s  c h a r a c t e r i z a t i o n  testing, the  
cyc l i ng  you rere running, abaut  h w  many cycles d i d  you run 
before  you g o t  equ i l ib r ium a t  each vo l t age?  

WEBSTPR: Typically, 1 'd say  i t  rou ld  t ake  a p p r o r i u k L y  
twenty-four hours a f t e r  t h e  cells had seen a l l  t h i s  exerc i s -  
ing; you know, re went through t h e  burn-in and t h i n g s  l i k e  
t ha t .  Once re got t o  cha r ac t e r i z e  each l e v e l  re rou ld  s t a y  
a t  i t  a p p ~ o ~ i ~ r t e l y  one day, then observe t h e  r e s u l t s  for 
less than a 1 percent .  P l u s  o r  minus 1 percent  was our  
c r i t e r i o n .  When the  r e s u l t s  d id  no t  dev i a t e  more than  plua  
or minus 1 percent  on t h e  C to  Z, r a t i o ,  then r e  s a i d  t h a t ' s  
a good da ta  point .  

BE=: Did you discharge  f o r  oapac i ty  a t  t h a t  po in t ,  
so tb t  you have capac i ty  versus- 

WEBSTGR: No. We discharged a t  t h e  end. That ' s  what 
I meant when I s a i d  I r a n  t h e  spacecraft capaci ty .  And r e  
only g o t  o u t  14 ampere hours a t  t h a t  point .  

BETZ: Could I look a t  your da t a  hater? 



We hope t o  get out  an  X r epo r t  on t h i s  i n  a lot more 
d e t a i l  with a l o t  more data  by March. 

CORBETT: B i l l ,  what m e  your Dm when you were 
chs t ac t e r i z ing  the- 

WBBSTPR: 16 percent ;  which is what t he  spacec ra f t  w i l l  
operate  a t .  

CORBETT: The o ther  quest ion I had : On the  over- 
charge voltage problem, do you have any reason t o  bel ieve 
t h a t  those cells a r e  wetter than normal? 

WEBS.ER: Than normal? They have 35 c.c.8 of YOH 
i n  there, according to  t h e  manufacturer, 

Unfortunately, our chemical ana lys i s ,  t he  way it was 
being run in-house a t  t h a t  tire, was forc ing  an  answer. 
And we came up w i t h b o u t  40 c,c.s. 

What f rean by 'forcing, '  t h e y  j u s t  analysed f o r  OH 
ions,  and they assumed t h a t  it was 31 percent, r a t h e r  than 
doing a weight  d e t e r m i ~ t i o n  and then analyzing f o r  OH ions  
and coming up wi th  a correct percent.  

So forcinq; it and saying it is 31 percent ,  when w e  
analyzed it it came out  t o  be a p p r o ~ i u t e l y  40 c.c.s, a s  
opposed t o  t he  u n u f a c t u r a r  who m i d  30. So I th ink  the  
t r u t h  is probably very clow i n  there. 

And w e  don't have tef lonated negatives,  I don't  
believe 

So it's just another phenomenon. 



IV.6 EFFECT OF RECONDITIONING: I. SCHULMAN/TRW 

WEBSTER: Our next speaker will be Irv Schulman of 
TRW, and he will be addressing the subject of the effect 
of reconditioning. 

IRV SCIWLMAN: This afternoon I wish to report on the 
Fleet SATCOM battery test, in which the objective was co 
determine the effect of reconditioning cells during the 
eclipse period. 

The Fleet SATCOM battery program, which is an Air 
Force program, the battery itself is made up of twenty- 
four nickel-cadmium cells, 24 ampere hour nominal capacity, 
and the cells are General Electric cells. There is 
electronic protection for overcharge, for both overcharge 
and cell reversal. 

I might say the pri~~cipal investigator on this proqram 
is Mr. Jim Pierce of TRW Battery Group. 

The test itself was what we consider to be an acceler- 
ated life test, acceierated to simulate a five-year opera- 
tion. We accelerated by cutting down on the total day 
period to both 12 and 16 hours, as I'm going to explain in 
a few moments. And we also cut down the solstice season 
from three months to apprcximately five days. 

Now in this program there were two 12-cell battery 
packs, of which one pack was reconditioned after each 
eclipse season; and I will go through the reconditioning 
program in a few moments. 

(Slide 65.) 

This Vugraph describes the ten eclipse seasons of 
45 charge?discharge cycles. And you can see, if you loop 
down to 22 and 23 and back up to 45 you will notice that 
seasons 1 to 5 -- on the righthand side, the seasons, it 
shows you the discharqe time in minutes, and on the left 
you see seascns 1 to 5 with a cycle of approximately twelve 
hours, in seasons 6 to 10 with a cycle of sixteen hours. 

tJow let me explain that. 



I n  Seasons 1 to  5 w e  considered t h a t  t h e  b a t t e r y  was 
new, a 1 1  b a t t e r i e s  were i n  opera t ion ,  and t h a t  t h e  power 
supply, t h e  r o l a r  a r r ay ,  was f resh .  When w e  got t o  Seasons 
6 t o  10 w e  f igured  t h a t  t he  s o l a r  a r r a y  was now degraded. 
And you w i l l  see when I de sc r i be  -- w e l l ,  it was degraded. 
And one cel l  i n  on@ b a t t e r y  had f a i l e d ,  i n  one of t h e  three 
b a t t e r i e s  on t he  vehic le .  

Now s i n c e  t h e r e  is a conotant  power load, our systems 
people,  wi th  their programs, determined t h a t  t h e  depth of 
d ischarge  would inc rease  from 63 percen t  depth of d ischarge  
i n  Seasons 1 t o  5 to  approsimately 75 percen t  D a )  i n  
Seasons 6 t o  10. Also, dur ing t h e  first f i v e  seaeons t h e  
chare lno r a t e  was a t  2 amperes, and i n  Seasons 6 to  10 i t  
was 1.6 aqperes,  again  s imula t ing  a degraded a r ray .  

The discharges  I mentioned were cons t an t  p a e r  d i s -  
charges  varying from 20 t o  72 minutes. 

The method of ahartzing i8 a cons t an t  c u r r e n t  charge 
t o  a temperature corptnsa ted  vo l t age  l i m i t ,  and a t  t h e  cur- 
r e n t s  I mentioned, both O ampa and 1.6 aqps, a f t e r  which re 
then swi tch  t o  a trickle charge of .24 aaperes ,  which is 
a p p r o t i ~ t e l y  t h e  C/100 r a t e ,  f o r  t h e  remainder of t h e  
charpine  period . 

Nor another  system v a r i a t i o n  was t h e  t eqpera tu re  
v a r i a t i o n  t h a t  w e  i w o s e d  on t h i s  proqram. 

( s l i d e  66.) 

The basep la te  t e q m r a t u r e s  were var ied  t o  s imula te  
b a t t e r y  temperatures dur ing  mission. Durim t h e  d ischarge  
the  cells basep la te  temperatures w e y  b p t  a t  2l0c., and 
d u r i n g  charge t h e y  were lowered t o  7 C. 

How when t h e b t t s r y  reached t o  w i th in  ,bout a h a U  a 
v o l t  of t h e  temperature compensated vo l t a ee  l i m i t  t h e  
basep la te  temperature, aga in  it r a e  cbarrpted t o  1 6 ° ~ .  
D u r i n g  the t r i c k l e  charge it was aga in  lowered t o  7%. 

low, r e a in ,  t h e m  a r e  a l l  s y o t e u  requirements  t h a t  
the  veb i c l e  w i l l  oee. 



We a l s o  had thermal . r i t cba  t o  change the  charge r a t e  
t o  a t r i c k l o  chrue i f  the  ba t te ry  temjmrature ever  reached 
27 degrees Centigrade. 

Thi. t e a t  wa8 mtarted i n  January of t b i s  year and i a  
still poinu on. The t e n t h  mmon warn c o q k t e d  ye.terday, 
and unfortunately the  result .  have not beom p l e t k d  f o r  the  
t e n t h  meaeon, but I think I can expla in  them t o  you. 

(slide 67. ) 

The r e s u l t s  a r e  reasonably d r a m t i c .  Eere 5. the re- 
coaditiorrsd system f o r  the  f i r a t  f i v e  seasono, and then, 
of course, r i t h  an i m r e a a a  i n  the  depth of discharge there 
i e  the  expected drop. And the  curve continues d a m  t h i s  
ray. Tbe t e n t h  mason is r i g h t  i n  lime r i t h  theme resultm. 
So there ha8 been no drooping away. So the  t en th  mason  
ram a s  expected. 

Am f a r  a s  the  unrecondit iomd b a t t e r i e s ,  t h e y  s t a r t e d  
ou t  a t  r lorsr leve l ,  but then w i t h  the increaoe i n  depth 
of discharge they c o w  down dramatically.  And, aeain ,  t he  
t e n t h  season follows r i g h t  i n  line. 

Nor the requirement on t h e  s y s t e r  is a 1.0 v o l t s  ysr 
c e l l  end point.  And it would seer t o  me t h a t  t h i s  experi-  
ment po in t s  ou t  c e r t a i n l y  the b e n e f i c i a l  e f f e c t s  of recon- 
d i t i o n i w .  

Thank you. 

Any quest  ions? 

m u m :  I rv ,  what kind of recondit ioning procedure 
d i d  you use? 

IRV SCBULYAN: 1 ' m  sorry; you're sbso lu te ly  rUbt. 
I forgo t  t o  t e l l  you a b u t  tha t .  Okay, s o  w e ' l l  continue. 

Reconditioning is ~ r f ~ m d ,  of caurse, on one of the  
12-cell  pack. a t  the end of each ec l ipae  m a m n ,  and t he  
other pack rece ives  the  normal recharge and r e a r i n s  on 
t r i c k l e  charge u n t i l  the  s t a r t  of t h e  followina season. 





The recondi t ioning o l  one pack went t h i s  way : 

A t  t h e  end of t h e  l a s t  dimcharge of the eclipse mason  
t h e  ba t t e ry  is recharged i n  a n o r u J  manner, a t  a cons tan t  
c u r r e n t  of 1.6 o r  t he  2.0 amps, dependiag on t h e  season, to  
thu  temperature compensated vo l t age  la!mit. It is then d i s -  
ckarged a t  a constant  power of 190 wat t s ,  r conatant  power 
load of 290 wat t s ,  u n t i l  t h e  f i r s t  cell goes below 1 v o l t ,  
Than discharge  is then terminated and a 25 oh. remis to r  is 
connected ac ro s s  t h i s  12-cell pack u n t i l  its vo l tage  reach- 
ed 12 v o l t s  o r  u n t i l  0114 cell  T e a c h 4  0.5 vo l t s .  

That ended t he  recondi t ioning,  a d  the  pack wau then 
recharaed and remained on t r i c k l e  charge u n t i l  t he  f o l l w -  
ima 8easan. 

So t he r e  i o  no r e a l  a t tempt  t o  go  down to  a zero 
s i t u a t i o n .  Hwever it still seemed t o  be a n  e f f e c t i v e  
method of recondi t ioning t he se  packa. 

I a l s o  r i u h t   renti ion t h a t  a l thouah re m i r u h t e d  a cell 
f a i l u r e  t he r e  have been no cell f a i l u r e s  i n  t h i s  program. 

Now w e  hojm t o  cont inue  on with thim i a r  oeyond t h e  
t e n t h  mason,  r l thouoh re have met t h e  primary o b j e c t i v e s  
of the program, 

C-TT: What was the a c t u a l  t e a t  temperature? 

IltV SCHULYA#: They var ied  a l l  over  t h e  place. 

C(XtBETT: W h a t  m e  the comtrol  t e r p e r a t u r e ?  W h a t  d i d  
you a t tempt  t o  keep i t  a t ?  

IRV SCIiULMAN: Well, w e  b p t  it,  a s  I ohowed you,-- 

CORBGTT: Well I guesu I wet have missed t h a t .  

IBV SGIIULYIN: Tou can n e  the  b a n  p l a t e  t e rps ra twre  
and the b a t t e r y  temperature up above it, And t h e  reason 
f a r  t h i s ,  a l though it r y  mem pecu l i a r ,  i 8  t h a t  t h i e  was 



r sys tem requirement,  t h i s  i o  w h a t  t ho  Tberul peoplm t o l d  
us  t h e  system would a c t u a l l y  impom on t h e  b a t t e r y  itnlf. 

=USE: I r v ,  was t h e r e  a  d i f f e r ence  b e m e n  t h e  recorn- 
d i t ioned  and unrecorrditioned b a t t e r y  i n  t ho  C-to+ r a + i o ?  
In o thor  words, it was go ine  t o  s o n  c o n t r o l  l i m i t * .  Were 
thay behariPQ d i f f e r e n t l y  on c h a r m ?  

IRV S C I I U W M :  Not a s  fa? a s  1 kn-• I don' t  have the  
a c t u a l  C-to+ r a t i o .  I t h ink  it i u  about ,  ucmthiaql a  
littb h l ~  1.10. But I don't  & V a  thorn  f U ~ e 8 .  I f  YOU 
rill pire me a rirrrZ: 1 can get t h e m  for  you. 

E U R :  1'. cu r iou .  a s  t o  your r a t i o r u l a  *ar recon- 
d i t i o n i m  immediately af  ter eclipme r a t h e r  than before. 

IRV SCflllLMAK: We11 I mess it was a f t e r  t h e  we of 
t h e  system. There is re8 l l y  no reason to go  o m  way o r  t h e  
o t h e r  t h a t  I can g i v e  yon; it1* j u s t  probably a very a r b i -  
t r a r y  choice. 

CCIRBPTT: Another p i ece  of da t a  : We had a n  acce le ra ted  
test e i r i lar  t o  t h i s  a s  f a r  a s  the p r o f i l e ,  t h e  a c t u a l  
d ischarge  p r o f i l e  t h a t  ham been on f o r  about three and a 
ha I t  years.  And we're runnine SAPT cell8 a t  ZOC., -20, and 
zero. And M 've had a need to recond i t ion  t b e  cells a t  20 
about o i s  t ime t o  keep above 1.1 v o l t 8  a t  end of d i sc ta rge .  
The pack.  a t  -20 and z e r o  have not  had t o  be recondit ioned,  

IRV SCHULUN: Yea; bu t ,  you know, t h i n  test  seems t o  
be run  i n  a  reasonably favorab le  s i t u a t , o n .  I t  '8 run  be- 
tween-- 

Crpet~~: ft's moderately wars, I t ake  it? 

1RV 8CBULYM: It's from 7 degrees up t o  about  20-some- 
odd degrees. By t oday l s  e taadards  I t h ink  it's r t a so lub l e .  

I th lnk ,  however, t h e  e r p a r i u o t  does po in t  o u t  t h a t  
t h e r e  is some b e n e f i t  t o  t h e  rscondi t ioninu.  



FORD: I'd l i k e  you t o  comment, i f  you could,  on j u s t  
what r econd i t ion ing  is doing. Is it r e a l l y  improviw t h e  
energy s to rage  con ten t  of t h e  celle t o  1 v o l t ,  o r  is it 
j u s t  a r e d i s t r i b u t i o n  of t h e  energy r e l a t i v e  to  t h e  v o l t s ?  

IRV SCINLYhH: My answer would only  be a f u n c t i o n  of 
my v iv id  i m g i n a t  ion. 

My o r n  opinion is t h a t  it improves t h e  e f f e c t i v e n e s s  
of recharge,  In  o t h e r  words, t h i s  t h i n g  may-- You know, 
when you run  a c y c l i n g  prcxram l i k e  t h i s  t h e r e ' s  nothing 
t h a t  say5 your recharge  i s  optimum to s t a r t  with:  there's 
no r a y  of telling. Therefore you may e f f e c t i v e l y  do  t h e  
same th ing  by inc reas ing  t h e  amount of recharge t h a t  you're 
p u t t i n g  i n t o  t h e  cellm which a r e n ' t  being recondi t ioned.  

I t h i n k  recond i t ion ing  j u s t  improves t h e i r  e f f e c t i v e -  
ne ss . 

HENDEIE: I t h i n k  you have t o  be very  c a r e f u l  r h e a  
you're discuss in^ t h e  e f f e c t s  of recondi t ioning.  A s  some 
of you may know, w e  have a test  p r w r a m  i n  which we've 
been doinu r e a l  time testing on t h e  s a s s  cella w e  have up 
i n  o r b i t .  And lor w e  have j u s t  been through our s i x t h  sea-  
c-n, and w e  have discharged these  cells d o m  t o  a low l e v e l  
And, e x a c t l y  a s  you say,  w e  g o t  a g r e a t  iaaproveaent i n  t h e  
end of d ischarge  voltage.  1t's l i k e  where they ' re  running 
j u s t  over 1.15 v o l t s  a t  t h e  end of t h e  normal eclipse, 
they rise up, a f t e r  t h e  number of cycles, a s  hioh a s ,  say ,  
1.2 v o l t s .  

But, i n  f a c t ,  one! i n t e r e s t i n e  t h i m  we found i s  t h a t  
i f  you d ischarge  t h e  cells dawn to 1 v o l t ,  which w e  con- 
s i d e r  about t h e  l o r e a t  accep tab le  vo l t age  wi thout  t h e  
danger of going i n t o  r a v e r s a l  on some c e l l o ,  w e  have no re- 
v e r s a l  p ro tec t ion .  I n  f a r t ,  i f  you do a second d i scharge  
t o  t h a t  S a m  vol tage  t h e  capac i ty  t o  t h a t  v o l t a g e  does  no t  
caange a t  a l l ;  i f  anything,  t h e r e ' s  a s l i g h t  drop. 

So althouph, provided you have adequate c a p a c i t y  i n  
t h e  c e l l a ,  you can  c e r t a i n l y  improve y o u r  end of d ischarge  
voltage.  I t  does nothing f o r  you i n  t h e  end of l i f e  i n  
inc reas ing  t h e  e f f e c t i v e  c a p a c i t y  of t h e  celle. 



1RV 8CBOLY15W: I t h ink  t h e m  r e s u l t s -  I have to  g o  
along w i t h  the r e r u l t r  I have aharn, And it c e r t a i n l y  a e e u  
s u f f i c i e a t l y  t o  r a i e e  t he  end of d ischarge  vo l t age  t o  g ive  
me a better f e e l i a e  about  t h e  r e l i a b i l i t y  of t h e  uyatem a 8  
a whole. 

DNDEE: I t  c e r t a i n l y  inc reases  your end of d ischarge  
vo l t age  when you have adequate c apac i t y  reserve .  

I R V  SCHULMM: The end of d ischarge ,  going through 
cycles 6 to 10, is 75 percen t  of nominal capaci ty .  And 
t h a t ' s  pre t ty  deep depth of diocharge. 

MFQLI: Does your spacec r a f t  have t h e  c a p a b i l i t y  of 
monitoring the  cell, the a c t u a l  cell  v o l t a g e s  dur ing  t h e  
disaharge? 

1RV SCHULYhN: I don' t  know. I would t h ink  not. 

NAPOLI: If  you're looking a t  t h e  t e rmina l  vo l t age  
bow do you know If o m  of t he se  cells reaches-- 

I R V  SCHULMAN: This  i6  t h e  r a y  t h i s  p a r t i c u l a r  test 
was run. There a r e  o the r  schemes of runnine recondi t ioning.  

NAPOLI: 1 ' m  t a l k i n g  about i n  o r b i t ,  nor. 

I R V  SCflULMAN: Well, i n  orbi t  t h e r e  a r e  o t h e r  methods. 
One method is t o  p u t  a h u h  enouoh- Of course  you have 
more time t o  pu t  a h u h  enough r e s i s t o r  i n  series wi th  t h e  
b a t t e r i e s ,  so t h a t  if the r e  is a r e v e r s a l  it is reversa?.  a t  
a ve ry  low ra t e .  

N a n  w e  a l s o  have reason to  be l i eve  t h a t  t h e r e  is a 
recombination i f  you get t he  r a t e  low enough. The hydro- 
gen can recombine i f  t he  r a t e  is low enouuh. 

There is o the r  work being done which I am not  prepared 
t o  report on i n  t h i s  sess ion.  But w e  have a program going 
on i nves t i ua t i ng  t h a t  phenomenon a t  '!¶We 

WEBSTER: Thank you, Irv. 



Our next  speaker w i l l  be Floyd Ford of Goddard Space 
F l U h t  <en te r ,  and he w i l l  be p resen t ing  some da ta  on 24- 
hour tests, I assume a t  Crane. Is t h a t  c o r r e c t ?  

For t h e  b e n d  it of those  synchronous o r b i t  buf f s ,  I 
would l i k e  to  share  wi th  you some da ta  t h a t  we have genera t -  
ed on a 24-hour o r b i t  test. And t h e  reason I found t h i s  
i n t e r e s t i l r p  is simply because, un l i ke  synchronous o r b i t ,  
w e  're exper iencing 60 percent  depth of discharge  on a d a i l y  
bas i s .  And, i n  a nu t she l l ,  re have seen cells go f o r  t h r ee  
years ,  which is over 1100 cyc l e s ,  i n  synchronous o r b i t  on a 
da i l y  ec l i p s e  . 

I ' m  just going t o  h i t  t h e  h igh l i gh t s ,  because t h i s  
test da ta  is a v a i l a b l e  from Crane by r eques t  through t h e  
appropr ia te  channels  a t  Crane. So I w i l l  j u s t  sha re  wi th  
you a few moments of some of t h e  summary, t h a t  w e  have seen. 

I nc iden t a l l y ,  these a r e  6-ampere hour cells. They a r e  
yre-1970 vintage.  And i n  c a se  you don' t  know what t h a t  
means, it means they're  not  b u i l t  l i k e  they a r e  today. 

They a r e  made by General E l e c t r i c .  They're some of 
t h e  f i r s t  cells t h a t  w e  g o t  from G.E., w i t h  t h e  n i cke l  
braze s e a l  t h a t  we're very pleased with. 

One group of t he se  cells was pu t  on a 24-hour charge,  
and it's b a s i c a l l y  a ~ / 2 5  cons tan t  c u r r e n t  wi th  no vo l t age  
l i m i t ,  and a ~ / 2  discharge  f o r  one hour, f o r  60 percent .  

There were fou r  packs, and I won't even d i s c u s s  t he  
f a c t  of 40 degrees  C. for obvious reasons.  I t  f a i l e d  a f t e r  
j u s t  a l i t t l e  over a year  of testing. 

What I would l i k e  t o  do is br ing  t o  your a t t e n t i o n  
some of the r e s u l t s  t h a t  we've seen,  p a r t i c u l a r l y  a f t e r  
about t r o  and a half yeare. 



You might note the end of discharge voltage, A-1. 
This is what we call ou.- pre-life test discharge which is 
usually run at the rate that we recycle at as compared 
with one year, one and a half, two, two and a half. 

Within 60 days of the test these voltages were down 
to the value indicated in one year. So, in a nutshell, 
what we can say is about 85 to 90 percent of the end of 
discharge voltage degradation in this cycle regime occurred 
in less than three months. And after that time we see a 
fairly-- You see, the numbers bounce around. I can't ex- 
plain why they do, other than the fact that we select 
discrete cycles to look at and there is no attempt to 
average the end of discharge voltage over over the incre- 
ment of cycles at that given tine in the life of it. 

I point out another fact which I want to make signi- 
ficant -- of significance that I will indicate later is 
the fact that pack 75-E was initially started at minus 20 
degrees C. and we found out for this type of regime that 
the cells were almost impossible to operate there, both 
from a charqe and discharge viewpoint. It was very diffi- 
cult to qet them charrrecl w i t h o u t  c;ettinq cxcessivelv h i x  .: 
vr;:.tn.;e ar.J t w  could not sur, Lain a full GO-;;lirlute t:Cs- 
cllarrrc.. Put tiley were at r t i i n t i s  213 :or aLoilt t.wo to I:!-:rt?~- 

n ~ ) n t h s  in the early life of tile cells, the siqniCicarice ( . f  

which will come out in a few minutes. 

TIIOHPSON : Vhy were they better at zero deqrees 
than ten degrees? 

FORD: Why were they better at zero than ten? 

'rHO?IPSON : Yes, why? 

FORD: Because inherently batteries seem to operate 
longer at zero degrees C. 

TIIOMPSON : How about that. 

(Slide 69 . )  



FORD: What I've used here is what I consider the 
worst degradation which was at 20 2eqrees C. to show you, 
one, what the precycling discharqc looks like on day one 
versus what it looks like in one year, which is this 
curve here (indicating) , also followed Sy what it looks 
like in two and a half years', and the end of discharge 
criterion in this case is one volt per cell, of which you 
can see the m o u n t  of capacity degradation between the 
day one and two and a half yexs has clroppect just slightly 
below rated value which is six ampere-hours. 

What is also indicated here is a con~ltion which 
we ran the test for with a specific application in mind, 
one of where you are using the value to supply full 
spacecraft load and then switch down to an essential or 
survival mode where the power may drop by a factor of 
ten, and that's what we attern~~ted to rearesent. 

That six is not six amps; that's .6. The decimal 
place got dropped a little bit, so that's 3.6 m p s ,  two 
hundred voltage at one volt, and then droppinq down to 
.G of an amp, to show that the total capacity-- 

This shows the performance of all three p d c k r ,  
using that type of test condition. 

The interesting thing is that the total capacity or 
at least rated capacity is still in the cell, particularly 
as noted in . 6  degrees C., that the seven and a half 
ampere-hours is practically that that we got at day one 
capacity but it is not available at the 3.6 amp rate. 

I think this suggests a very high degree of polari- 
zation effect with cycle life, meaning that if you really 
need the capacity or if you have to have the capacity, 
it may not be available at the nominal rate but it cer- 
tainly will be available at a much lower rate, in this 
case by reducing by a factor of ten. 

(Slide 7 1 . )  





Now I would l i k e  t o  go one s t e p  f u r t h e r  and show 
you, a f t e r  t h r ee  years ,  t he  da ta  I showed you f o r  two 
and a half  years ,  a f t e r  t h r ee  years  what ana lys i s  re- 
vealed about t he  cel l ,  

It is i n t e r e s t i n g  t o  note, l i k e  synchronous o r b i t  
c e l l s  t h a t  w e  have subjected t o  teardowns, t he re  were no 
appreciable evidence of t he  cadmium migration a s  exhib i ted  
by the  graying of the  separator .  I w i l l  show you some 
examples of the  separator  l a t e r .  

What I would l i k e  t o  point  ou t ,  though, is very 
ind ica t ive  of segments o r b i t  t e s t i n g ,  is  the  degradation. 
I f  you look very c lose ly  along the  edge of t he  p l a t e  you 
w i l l  see where t h e  a c t i v e  mater ia l  has ac tua l ly  f laked 
o f f ,  and ne found q u i t e  a  b i t  of t h i s  i n  t he  cell. 

But t h i s  pack was a l s o  t e s t ed  f i r s t  at-- L e t  m e  see 
i f  I happen t o  have the  s l ide-  No, I don ' t  have t h e  
o ther  one. 

This is  an ind ica t ion  of what happens a t  zero,  bu t  
the  thing t h a t  is of i n t e r e s t  is the  f a c t  t h a t  I mentioned 
e a r l i e r  that it was t e s t ed  a t  minus 20 and then placed a t  
19 rlegrees C . ,  which showed s i g n i f i c a n t l y  more dc te r io ra -  
t i on  than the  pack d id  a t  zero degrees C.  And w e  con- 
cluded from t h i s  t h a t  the  de t e r io ra t ion  on t h e  p lus  1 0  
degrees C.  test pack r e a l l y  occurred a t  minus 20 and was 
not a t t r i b u t e d  t o  t he  f a c t  t h a t  it was a t  t he  plus  1 0  
degrees C .  

Now the re  w i l l  be some discussion tomorrow by a  
gentleman who i s  here today, and I won't go i n t o  it, 
where he is going t o  discuss  what he considers some of t he  
th ings  t h a t  a r e  a f f ec t ing  pos i t i ve  p l a t e  de t e r io ra t ion  
with the  l i f e ,  p a r t i c u l a r l y  i n  synchronous o r b i t .  

(Sl ide  7 2 . )  

To show you a  comparison, t h i s  is a c e l l  from 20 
degrees C.  There was very l i t t l e  evidence of pos i t i ve  
p l a t e  de te r io ra t ion .  I t  s ipply  suggests  t h a t  poni t ive  
p l a t e  de t e r io ra t ion  a s  appl icable  t o  synchronous o r b i t  
f a i l u r e  mode is  much more prevalent  a s  t he  temperature is 



decreased .  

Now, y o u ' r e  ~ e a d y  to  q u e s t i o n  immediately ,  hey,  I 
thought  t h e  t h e  c o l d e r  w e  ope ra t ed  b a t t e r i e s ,  t h e  l onge r  
they  l a s t e d .  Well, I t h i n k  t h a t  is g e n e r a l l y  t r u e ,  b u t  
t h e  c o l d e r  you o p e r a t e  b a t t e r i e s  a t  synchronous o r b i t ,  
a p p a r e n t l y  t h e  less you c a n  overcharge  them, and t h e  
e x a c t  mechanism t h a t  i s  caus ing  t h e  p l a t e  d e t e r i o r a t i o n  
we're n o t  s u r e  o f ,  and we're n o t  go ing  i n t o  t h a t  f u r t h e r ;  
I d o n ' t  want t o  preempt t h e  d i s c u s s i o n  t h a t  comes up to- 
morrow. 

But t h e r e  is  an  i n d i c a t i o n  t h a t  t h e r e  a r e  two or 
t h r e e  f a c t o r s  t h a t  a f f e c t  t h e  p o s i t i v e  p l a t e  d e t e r i o r a -  
t ion .  

I would l i k e  t o  emphasize from my expe r i ence  w i t h  
t h i s  t e s t  and o t h e r  synchronous o r b i t  teardowns t h a t  t h e  
f a i l u r e  mode t h a t  you have t o  contend  w i t h  i n  synchronous 
o r b i t  b a t t e r i e s  is  t h e  p l a t e s  themselves  and n o t  t h e  
l i m i t a t i o n  a s  t h e  s e p a r a t o r  e x p e r i e n c e s  i n  low-earth- 
o r b i t  a p p l i c a t i o n .  

(Slide 7 3 . )  

Speaking of s e p a r a t o r ,  t h i s  shows you t y p i c a l  
m a t e r i a l  a f t e r  t h r e e  y e a r s .  I b e l i e v e  t h a t  was t h e  20 
degree  C.  pack- No, t h a t ' s  t h e  zero deg ree  C .  pack. 

( S l i d e  7 4 . )  

There is  some ev idence  o f  m i g r a t i o n  i n  t h e  20 degree  
C .  pack; no th ing  t h a t  I would c a l l  s i g n i f i c a n t  a f t e r  t h r e e  
y e a r s  of  t e s t i n g .  

Thank you. 

WEBSTER: Any q u e s t i o n s ?  

CORBETT: Was t h a t  a C/20 cha rge  r a t e  on  those?  

FORD: Yes. 

CORBETT: T h a t ' s  con t inuous  a l l  t h e  t ime? 





FORD: Continuous except for one 23-hour charge, 
one-hour discharge, and the charging is always C/20. And 
I make it clear I'm not.recommending that. I'm saying 
that's the teat condition that we're using. 

CORBETT: We're making a test that is very similar. 
I'm sure you know about it by now. And we set the re- 
charge coefficient at what it had to be to maintain and 
end-of-discharge voltage to some reasonable level, and I 
think we ended up with a charge and discharge rate at 
minue 20 temperature of something like 105 percent. And 
this ends up being something like a C/35 rate, and we 
still have those cells after about three years. 

So I think it kind of agrees with what you say about 
the overcharge problem. 

FORD: Minus 20 testing, I find with the ni-cads 
with the present design anyway, is a very difficult 
environment in which to get long-term satisfactory per- 
formance, particularly if you try to overcharge. 

'I'ficrc is just one cartlirlal criterion you l - z i * . ~  to 
accci>t at Sclow zero and even at ze ro  , but %,mu i u ~ t  (!cn't: 
overchart;e the cell . 

CORBETT: We use the potential control system where 
we can go to the C/35 limit but the pack itself can linit 
its own voltage to somewhere around 1.54 volts. 

FORD: I can't remember the details but I know that 
we tried at minus 20 under one of the Crane tests where 
we set the C-to-D ratio up at 100 percent just to see how 
long the cells would run, and I know it was in excess of 
three months, which indicates a pretty high charge ac- 
ceptance and charge efficiency at that rate. 

And I think that is one of the explanations you have 
of why you don't overcharge because practically every- 
thing you pass through the cell at that temperature is 
being stored in an active mode. 

NAPOLI: Joe Napoli. 



Could you v e n t u r e  t o  quas s  or e x t r a p o l a t e  from t h e  
two and a  h a l f  y e a r s  o f  t e s t i n g  what t h a t  t r a n s l a t e s  t o  
i n  a c t u a l  synchronous o r b i t ?  

FORD: I knew somebody was qo ing  t o  a s k  t h a t .  

No, because  I looked a t  t h i s  i n  l i g h t  o f  t h e  ex- 
p e r i e n c e  w e  have on synchronous o r b i t  tests, and I ' v e  
even p l o t t e d  t h e  d a t a  p o i n t s  a s  t h e  d a t a  p o i n t s  we've 
p l o t t e d ,  and I ' m  s u r e  you r e n e d e r  t h e  c u r v e s  you 've  
g o t t e n  from u s ,  and w i l l  be  shown tomorrow a l s o .  C u t  
t h e  answer ,  no. 

I r e a l l y  would l i k e  t o  t h i n k  w e  cou ld  e x t r a p o l a t e  
t h i s  b u t  today  I d o n ' t  have t h e  means t o  do it. 

NAPOLI: I t ' s  n o t  r e a l l y  a n  a c c e l e r a t e d  test  
compared t o  t h e  program t h a t  t h e  gent leman d e s c r i b e d  
e a r l i e r  on t h e  a c c e l e r a t e d  test  p l a n  t h a t  h e  had run? 

FORD: Acce l e r a t ed  r e l a t i v e  to  t r u e  synchronous,  
e q u a t o r i a l  svnchronous? 

NAPOLI: Right .  

!WRD: I could  say i n  a scnse i t ' s  accel .cr; i ted a l t l  

y e t  I d o n ' t  know what t h e  e x a c t  r e l a t i o n s h i p  is to  t h e  
t r u e  synchronous ~ r o f i l e  because  we're e x p e r i e n c i n g  365 
d i s c h a r g e s  a  day h e r e ,  and i n  a  synchronous o rb i t  you 
g e t  88 of  which t h e y  a r e  n o t  c o n s t a n t .  

I t h i n k  I ' v e  s a i d  it b e f o r e  and I r e a l l y  f e e l  t h a t  
t h e  t r u e  synchronous o r b i t  regime i n  some ways is one o f  
t h e  b e t t e r  environments  t h a t  we've s u b j e c t e d  b a t t e r i e s  
t o ,  s imply  hecause  as you go i n t o  t h a t  e c l i p s e ,  e ach  day 
you go a l i t t l e  b i t  deepe r  i n t o  t h e  c a p a c i t y  and you g e t  
t h e  e f f e c t  o f  r e c o n d i t i o n i n g  t o  v o l t a g e  f o r  t h e  subse-  
quen t  d i s c h a r g e .  

And I t h i n k  from t h a t  v iewpoin t  t h a t  t h e  synchronous 
o r b i t  i s  a p r e t t y  mi ld  a p p l i c a t i o n  where i t  i s  n o t  a 
f i x e d  d e p t h  o f  d i s c h a r g e  e v e r y  day .  From my e x p e r i e n c e ,  
t h e  f i x e d  d e p t h  o f  d i s c h a r g e  a r e  t h e  most d i f f i c u l t  t o  
d e a l  w i t h  i n  t h o s e  s i t u a t i o n s  where ,  on non-per iod ic  



occasions you have the need to go beyond that point. 

That's where we always run into a problem, is not 
maintaining end of discharge voltaqe, you know, for a 
fixed depth. It's where we have the need to go beyond 
that depth of discharge we find the bottom falls out, or 
at least voltage-wise it falls out. 

DUNLOP: Did you measure the thickness of those 
points? 

FORD: Yes. In fact, I believe the chemical analy- 
sis that will be discussed tomorrow includes these cells, 
and I believe it includes one of the virgin cells-- No, 
it doesn't. We have a virgin cell, one that was not 
cycled, that we haven't finished the analysis on, but we 
plan to do it. so we are looking at that, blit I don't have 
that data here. Some of it will be discussed tomorrow. 

WEBSTER: Thank you, Ford. 

IV.8 POWER MODULE DEVELOPMENT: Rt CORBETT/LOCKI~FED 

Our last speaker of this session will be Hob Corbett 
of Lockheed, and he will be talking about power module 
development using third electrode control. 

CORBETT: What I really expected to talk on today 
was some third electrode testing that we got under what 
you might call accelerated test conditions, and this is 
in conjunction with a development program we h\?d about t w ~  
years ago, starting about two years ago, to develop a 
charge controller for a fairly old Lockheed power system, 
one that has been around for a long time, and one that has 
had some problems at high temperatules because of the 
problem of setting ten compensated battery voltage limits. 

If you set them too high you tend to go into over- 
charge; if you set them too low you can't get the amp-hour 
utilization out of the battery. So we got a third elec- 
trode that was qood for that application, and I've got 
some data on those accelerated tests. 



!{owever, I got kind of turned on this morning after 
hearing Mr. Woodward, who I consider really had some kind 
of refreshing comments to make, and I think we had some 
good di.scussion on low-cost systems after this, a ~ d  it 
occbrred to me that a lot of what we've done in this par- 
ticular development meets the requirements for a low-cost 
program. 

I don't know if there j:-. anybody still interested in 
low cost. Now that all thr oattery engineers ha-.*e left 
the room I think it might be worth taking a look at. 

Most of this was presented at the ZECEC and I won't 
dwell on it beci~se it is not a11 strictly battery stuff. 
I would like to go through a bunch of slides rather quick- 
ly, just to fully advise you on what we did, and maybe 
after I 've gone through them, to make some comments about 
one low-cost battery and charge-control systems, and what 
I think means low cost and also to discuss some of the 
accelerated test data and how the third electrode is hold- 
in9 up. 

-- as it miqht very well be in space, in fact. Maybe the 
JPL people would be interested in what the polarization 
terms would be under those conditions. 

This is a 2.6 ampere-hour battery in a power sub- 
system. Jhe base plate that that is mounted on is part 
of the spacecraft, and that's the whole p w e r  subsystem 
right there. 

The battery charge controller is a card on the end 
of the battery. There are two cards that take care of 
the instrumentation and the other power subsystem control 
and monitoring functions. 

(Slide 76. ) 



The n e x t  s l i d e  is  f t h i n k  a p i c t u r e  o f  t h e  b a t t e r y  
i t s e l f .  

The cha rge  c o n t r o l l e r - -  One i n t . e r e s t i n g  t h i n g  
about  t h i s  a s  r e l a t e s  to c o s t ,  t h e  cha rge  c o n t r o l l e r  is 
tested w i t h  t h e  b a t t e r y  a s  soon as t h e  cha rge  c o n t r o l l e r  
i t s e l f  is  b u i l t  i n  manufac tur ing  so t h e  b a t t e r y  qoss 
th rough i t s  test w i t h  t h e  cha rge  c o n t r o l l e r ,  and i t  goes  
th rough c y c l i n g  tests where you e s s e n t i a l l y  look  f o r  some 
o u t p u t  o u t  o f  t h e  e l e c t r o n i c s  t h a t  s a y s  indeed t h a t  cha rge  
h a s  been s h u t  o f f .  

So t h e  o n l y  t h i n g  miss ing  from t h i s  is t h e  a c t u a l  
power c o n t r o l  s w i t c h e s  which t h e  cha rge  c o n t r o l l e r  d r i v e c .  

The board is a c t u a l l y  two cha rge  c o n t r o l l e r s .  One 
i s  based on a t h i r d  e l e c t r o d e  and t h e  o t h e r  i s  based on 
a m u l t i p l e  l e v e l  system v e r y  s i m i l a r  to  t h e  OAO o r  I 
guess  t h e  F l e e t  SATCOM which you saw b e f o r e .  

You see t h e  c a r d  on t h e  l e f t  t h e r e .  

V i e  can qo to  the n e x t  s l i d e  riqht awav if ' J O ~  w i l l ,  
j l l ~ a ~ ~ .  

T h a t ' s  t h e  u n i t  t h a t  t h e  b a t t e r y  i s  mounted o n ,  
and t h a t ' s  a s e p a r a t e l y  t e s t e d  u n i t .  You have t h i s  l i t t l e  
power c o n t r o l  s e t u p  t h a t ' s  t e s t e d  and t h e n  t h e  cha rqe  
c o n t r o l l e r  is t e s t e d  and t h e n  t h e  b a t t e r y  is t e s t e d  with 
the cha rge  c o n t r o l l e r  on it and t h e y  a l l  g e t  mated a t  
t h e  s p a c e c r a f t  l e v e l .  

We can  go t o  t h e  n e x t  s l ide .  

( S l i d e  7 8 . )  

T h i s  k ind  o f  shows how it a l l  happens. I t h i n k  
what is impor tan t  h e r e  i s  t h a t  you 've g o t  a test a t  eve ry  
s t a g e  s o  you haven ' t  c u t  dqwn on t h e  amount of Les t inq  
you d o ,  I d o n ' t  b e l i e v e ,  b u t  you've k ind  o f  broken t h e  
tests o u t  i n t o  sma l l  enough seqments t h a t  i f  you have a 
problem, it i s  much e a s i e r  t o  check o u t .  You d o n ' t  end 





up t e s t i n g  one g i a n t  module and t r y i n g  to  f i n d  o u t  i f  
you have a b a t t o r y  problem a t  t h e  s p a c e c r a f t  l e v e l ;  
n e i t h e r  do you w a i t  u n t i l  t h e  b a t t e r y  is on t h e  space-  
c r a f t  b e f o r e  you f i n d  o u t  whether it w i l l  work w i t h  t h e  
e l e c t r o n i c s .  

Next s l i d e .  

( S l i d e  79 . )  

T h i s  is t h e  cha rge  c o n t r o l  board.  I f  it looks  k ind  
of  symmetr ical ,  it should  because  t h e  charge  c o n t r o l l e r s  
a r c  q u i t e  similar. 

B a s i c a l l y  it is o p  and h y s t e r e s i s  k ind  o f  s t u f f  
where you s h u t  o f f  a t  one v o l t a g e  and you have ii c e r t a i n  
amount of drop  b e f o r e  you can reset the  charge .  

I t h i n k  on t h e  n e x t  s l i d e  wc may have a func t iona l  
d i a q r a n  o f  how it a c t u a l l y  w o r k s .  

  at ' !; a '?: t t..c?~-!; sckenn t t c  ar.2 Lherr. x c  t:.:o t-hi rr! 
c . l ec t rades  p e r  b a t t e r y ,  e a c i ~  of w i ~ i c h  is r:c)~,~t?u~r~G- 
selcctablc so you have your  choice, and we have t hc rno -  
s t a t s  and t h e  usua l  k i n d s  of  t h i n g s .  

The t h i r d  e l e c t r o d e ,  a s  I mentioned, a r e  two p e r  
b a t t e r y  and t h e y ' r e  swi t chah lo .  You e i t h e r  s w i t c h  one  
o r  a n o t h e r  i n t o  t h e  t h i r d  e l e c t r o d e  cha rge  c o n t r o l l e r .  
The t h i r d  e l e c t r o d e  zharge  c o n t r o l l e r  works on  bo th  thc 
b a t t e r y  v o l t a g e  and t h i r d  e l e c t r o d e  i n p u t .  

There  a r e  o t h e r  cha rge  c o n t r o l l e r  backups t h a t  work 
o n l y  on  b a t t e r y  v o l t a g e .  

Next s l i d e ,  p l e a s e .  

( S l i d e  81. )  

Th i s  is some performance test d a t a  t aken  e a r l y  i n  
t h e  a c c e l e r a t e d  test  p e r i o d  where w e  had a cha rge  con- 
t r o l l e r  on t h e  test s e t u p ,  and t h i s  is d a t a  a t  a coup le  



of d i f f e r e n t  r a t e s .  

I guess  t h e  on ly  t h i n g  t h i s  r e a l l y  s a y s  is  t h a t  t h e  
t h i r d  electrode is n o t  as s e n s i t i v e  t o  rate a s  b a t t e r y  
vo l t age  i t s e l f  is ,  and it a t i l l  g i v e s  you a f a i r l y  gooa 
ramp r e g a r d l e s s  of what t h e  rate is. These a r e  a l l  a t  25  
degree8 C. 

I t h i n k  i n  t h e  nex t  s l i d e  w e  show t h e  v a r i a t i o n s  
w i t h  temperature.  You've seen  t h i s  k ind  o f  a  t h i n g  be- 
f o r e .  

W e  are charg ing  herc t o  b a s i c a l l y  t h e  same c u t o f f  
l e v e l .  

On o f  t h e  t h i n g s  t h a t  was s a i d  t h i s  n~ornirlg was 
t h e  -- o r  I guess  Floyd a c t u a l l y  mentioned it, and t h a t  
is  t h e  problem of  how do you customize c o n t r o l l e r  t o  t h e  
b a t t e r i e s .  And i t ' s  a  c o s t  problem when you have to  re- 
c h a r a c t e r i z e  t h e  cells eve ry  t i m e  you g e t  a new l o t ,  and 
it st?ems t o  m e  that's heen !xirtiall:r solved on programs 
3 i!.e L ' l ~ a t  SATCOY ancl OAO w i x r e  we ]lave qone t o  multi!)lc- 
l e v e l  c o n t r o i .  

And I t h i n k  t h e  on ly  l i m i t a t i o n  on t h a t  i s  even when 
you've g o t  c o n t r o l  over  t h e  v o l t a g e  l e v e l  you can  s t i l l  
m i s s  them. You can s t i l l  have v o l t a g e  s l o p e s  which a r e  
s o  s l i g h t ,  t h a t  have i n s u f f i c i e n t  rise t o  them t h a t  t hey  
cannot  be e f f e c t i v e  c o n t r o l l e r s ,  and I t h i n k  t h a t  is 
where t h e  t h i r d  e l e c t r o d e  is  u s e f u l .  

So i n  o u r  p a r t i c u l a r  system we have f o u r  commands 
i n  t h e  charge  c o n t r o l l e r .  And i n  t h e  c a s e  of  t h e  p r i -  
mary charge  c o n t r o l l e r  we use t h e  f o u r  commands t o  change 
t h e  l e v e l s .  The t h i r d  e l e c t r o d e  i s  switched o f f .  I n  
t h e  backup w e  use  t h e  same t h i n g s  f o r  t h e  temp-compensated 
v o l t a g e  l e v e l .  

( S l i d e  8 3 . )  

These a r e  systems test d a t a  t h a t  i l l u s t r a t e  t h e  
v a r i a t i o n s  of  both  b a t t e r y  v o l t a g e  and t h i r d  e l e c t r o d e  





with temperature and it points out the third electrode 
is virtually useless in a range of 10 degrees up to pro- 
bably about 30 or 40. 

And it indicates also that battery voltage at fairly 
high temperatures is not a very good control signal be- 
cause of the absence of slope. 

Next slide, please. 

(Slide 84.) 

So the idea I was trying to tell in this slide, and 
it really isn't told because it doesn't differentiate 
between the amplitude of a signal and the slope that you 
get from a control signal, but basically there is a kind 
of a complementaxy between a third electrode and battery 
voltage. 

One has a fairly good rise at the high temperature 
and the other is fairly reliable at the low temperature 
as far as indicating the end of charge signal. So we 
simply conbined them in the primary charge controller on 
this particular power module. 

Xext slide, please. 

(Slide 85. ) 

FORD: Why don't we take a coffee break and come 
back and you can finish your talk? 

(Recess. ) 

WEBSTER: All right, Bob, we'll continue. 

Bob represents our last speaker in this session, 
and then we will be moving on to Floyd's session, I 
guess, next. 

CORBETT: Well, as I was saying before I was so 
tactfully interrupted, we have two charge controllers on 
this battery. One has a third electrode; one doesn't. 



There's a story behind that that has to do with how 
nervous people feel about the third electrode as a con- 
trol device and whether you should rely upon it or not. 
I think if you had it to do over you might just find they 
were exactLy the same. 

(Slide 8 6 . )  

The point of this, this primary curve, the one that 
has less slope, is the temperature-compensated voltage 
level at which charge is controlled by the primary charge 
controller. That's one signal level. 

The other four levels off and on are the levels that 
are used in the backup controller, and you'll notice two 
things : 

One is they are generally kind of lower than the 
primary and they have a lot more slope. And the reason 
for that is when you don't have a third electrode, you 
have to do what is traditionally done and that is to kind 
of overcompensate on the temperature to make sure that you 
don't (jet into the ~jroblern 0 2  a rumway battery because of 
a little extra 5eat  injection from the spacecraft or corn 
sirni.lar problem. 

So what this gave us -- and T don't have the control 
diagrams here because I didn't think they were appropri- 
ate for a battery discussion. But what this gives you is 
a kind of a sharing, a kind of an oaring of the third 
electrode and the temp-compensated voltage signal which is 
dependent upon temperature and rate. At the relatively 
high temperatures and the relatively low rates, the third 
electrode takes over. At the relative high rates and low 
temperatures the battery voltage takes over. 

It is difficult to say exactly when or how the res- 
pective sensors are responsible for control. We have 
seen during systems test that in changing temperature or 
in changing a regimen from one set of conditions to 
another that the third electrode may be used during the 
transient period. That is, there may be three or four 
cycles when you're changing conditions where the third 
electrode is really necessary. 





And then once you g e t  down t o  a balanced c y c l e  
aga in ,  then  t h e  b a t t e r y  vo l t age  wi th  t h e  temperature com- 
pensat ion  is t h e  one t h a t  is  r e a l l y  r e spons ib le  f o r  your 
c o n t r o l .  

Now t h i s  has  some advantages because it means t h a t  
you r e a l l y  d o n ' t  have t o  des ign  your b a t t e r y  v o l t a g e  
l e v e l s  f o r  s a f e t y .  You b a s i c a l l y  des ign  them f o r  amp- 
hours.  

I n  p r a c t i c e ,  we've found o u t  i n  t h e  systems test 
t h a t  a t  r a t e s  around C/J above 80 degrees ,  t h e  t h i r d  
e l e c t r o d e  p r e t t y  much has  c o n t r o l ,  and below t h a t ,  t h e  
b a t t e r y  vol tage .  

I n  t h e  next  slide we've g o t  some a d d i t i o n a l  d a t a  t h a t  
comes from t h e  systems test. 

( S l i d e  87. )  

This  is from t h e  two b a t t e r y  systems s o  t h e s e  a r e  
b a t t e r y  vo l t ages  from a p a r a l l e l  b a t t e r y  system, two 
b a t t e r i e s  i n  p a r a l l e l .  

;:e1ve <rot three temperatures: 19, 77 ,  a ~ . d  110. 
This ,  hy t h e  way, is the range w e  !lac1 for t h e  design re- 
quirements  and you can understand why w e  wanted t o  go t o  
t h e  t h i r d  e l e c t r o d e .  

These r e p r e s e n t  your t h i r d  e l e c t r o d e  s i g n a l s .  I 
t h i n k  t h e r e ' s  a d i v i s o r  of  13 involved t h e r e  s o  i t  is  
somewhere around a 270 m i l l i v o l t  s i g n a l ,  and t h a t ' s  our  
lowest  t h i r d  e l e c t r o d e  l e v e l .  

So t h e r e  i s n ' t  r e a l l y  much of a d i f f e r e n c e  between 
t h e  t h i r d  e l e c t r o d e  v o l t a g e  once you g e t  up above room 
temperature a s  a p r a c t i c a l  c o n t r o l  s i g n a l .  

On t h e  nex t  slide I t h i n k  I have some more systems 
test  d a t a  t h a t  is  i n  t h e  same vein .  

( S l i d e  88. ) 

You can see t h e r e  t h a t  a t  the- I t  i s  probably not  





apparent  b u t  a t  t h e  h igher  temperatures you a r e  a c t u a l l y  
under t h e  c o n t r o l  of the t h i r d  e l e c t r o d e .  I t h i n k  t h a t  is 
kind of  se l f -explanatory;  I won't go i n t o  it any more. 

I t h i n k  I ' v e  g o t  a couple of more s l i d e s ,  poss ib ly .  
1 f  I d o n ' t ,  a coupiti of  V U ~ O ~ ~ S .  

Maybe I can have t h e  next  one? 

( S l i d e  8 9 . )  

This  i s  more of  t h e  same kind of systems test d a t a ,  
What you've g o t  there-- This  i s  kind o f  i n t e r e s t i n g .  
You've g o t  t h r e e  u i f f e r e n t  l e v e l s .  A s  I mentioned, w e  
g o t  four  ?.evels, I n  t h e  primary i t ' s  t h i r d  e l e c t r o d e  and 
t h e  backup. I t ' s  b a t t e r y  vol tage .  

And t h i s  is t h e  e f f e c t  of  l e v e l  one. L e t ' s  see. 
I guess t h i s  is  inver ted .  This  is a c t u a l l y  l e v e l  t h r e e .  
This  is l e v e l  two and l e v e l  one. And what you g e t  is more 
of an avercharge s o  a s  has been pointed  o u t ,  t h e  a c t u a l  
'?perat ion and use  of t h i s  system i s  kind of  l i k e  an  over-  
c~larcje c o n t r o l .  I t  is  a recharge c o n t r o l  a t  t h e  upper 
end ,  and w e  haven ' t  had t h e  experience wi th  t h i s  t o  know 
exactly how you change l e v e l s ,  b u t  I'n s u r e  i t ' s ,  you 
know, based an a conbinat ion  of looking a t  t h e  s p a c e c r a f t  
thermal d a t a  and t h e  kind of  end of charge o r  on-orbi t  
t e s t i n g  d i scharge  performance c f  t h e  b a t t e r y  which would 
enable you t o  select e x a c t l y  what kind of l e v e l s  you 
wanted. 

This  is more of t h e  same kind of systems test  d a t a .  
This  happens t o  be a t  room temperature;  t h e  o t h e r  one was 
a t  110.  And you g e t  t n e  same kind of e f f e c t  wi th  t h e  l e v e l  
change t h e r e ;  a l i t t l e  b i t  more oversharge ,  a l i t t l e  b i t  
more of an end of -- higher  end of  charge vo l t age  using 
t h e  h igher  t h i r d  e l e c t r o d e  s i g n a l .  

So it is lbou t  a 25 pe rcen t  h igher  s i g n a l  and it 
g ives  yot about a f i v e  percent higher recharge c o e f f i -  
c i e n t .  





And s o  the  ba t t e ry  sets i ts  own cycl ing regimen 
based on i ts  capacity.  We d id  t n a t  wi th  a development 
test cell which I don ' t  have any d a t a  on today, and t h a t  
ran about a year. I th ink it was something l i k e  3400 
cycles ,  with an average DOD of about 85 percent .  

(slide 9 4 4  

What I have here  are some updates on t h i s  acceler- 
a t ed  test data .  What w e  d id ,  we d i d  t h i s  with two d i f -  
f e r e n t  group8 of  c e l l s .  We j u s t  pu t  a l i t t l e  b readbo~rd  . 
together  which charged t h e  cell  t o  a predetermined or pre- 
se lec ted  thbrd e lec t rode  cutoff  and discharge t o  one 
vo l t .  

The t h i r d  e lec t rode  c h a r a c t e r i s t i c s  d j 8  no t  change 
throughout t h a t  e n t i r e  test. The mode of f a i l u r e  was a 
cadmium shor t  r i g h t  from p o s i t i v e  t o  negative. We 
opened up the  cell anc! t he re  was a l i t t l e  black spo t  
where it appears a s  i f  some cadmium hydroxide had accumu- 
lated and l a t e r  reduced, and w e  had a d i r e c t  s h o r t  which 
could not  be removed by overcharge. 

( s l i d e  92 . )  

We d id  it with a subsequent pack, and t h i s  is one of 
t h e  production group of c e l l s .  These are G.E. 6'8,  and 
t h i s  is a test a t  a r e l a t i v e l y  e a r l y  point .  

We're shu t t i ng  o f f  a t  260 m i l l i v o l t s .  We're g e t t i n g  
an end of charge vol tage o f  about 1.44;  f a i r l y  good charge 
e f f i c i ency ,  something l i k e ,  I guess, c lo se  t o  90 percent ;  
106 percent  recharge. And we're g e t t i n g  70.8 percent  DOD 
so i t 's  about, I guess, 4.2 amp-hours out .  

(S l ide  93.) 

Now t he  th ing was going along f a i r l y  w e l l  f o r  t h e  
f i r s t ,  let's 6ay, 2600, 2700 cycles .  Then we began t o  
see a rise i n  end of discharge voltage which, of  course, 
ought t o  correspond t o  a lessening of  t h i r d  electrode 
s e n s i t i v i t y .  

(S l ide  94.)  





Now we're g e t t i n g  1.151 end of d i s c h a r g e  v o l t a g e .  
Again, t h e  c o n t r o l  a t o f f  is j u s t  p r e s e t ;  t h e r e  is no 
change t h e r e .  

The c a p a c i t y  is up aornewhat, i n d i c a t i n g  t h a t  we're 
ove rcha rg ing  more so w e  arc g e t t i n g  som advantage o f  t h e  
overcharge  i n  terms of improved c a p a c i t y ,  b u t  w e  d o n ' t  
l i k e  t h e  end o f  d i s c h a r g e  v o l t a g e .  

L e t  m e  j u s t  l a y  t h i s  on h e r e  f o r  a comparison. 

The t h i r d  e l e c t r o d e ,  i n  terms o f  its shape ,  h a s  
been changed very  much, and I r e a l l y  h a v e n ' t  thought  
about  t h i s  d a t a .  I d o n ' t  know whether i t  is a t h i r d  
e l e c t r o d e  s e n s i t i v i t y  change or  wh2ther i+ is  a k ind  o f  
an o f f s e t  change i n  t h e  p r e s s u r e  o f  t h e  cel l ,  whether  
we're recombining b e t t e r  t h a n  w e  were b e f o r e  or some- 
t h i n g  o f  t h a t  n a t u r e  which i s  dropping o u r  s i g n a l  down. 

But i n  any c a s e ,  a d e c r e a s i n g  t h i r d  e l e c t r o d e  
s ic jnal  is qivinq u s  a h i g h e r  end of cha rge  v o l t a g e ,  a 
h i 7 h e r  amp-hour i n p u t  wl-,ich is civin7 you n hiqher anp- 
hour o u t p u t .  

L e t  m e  show you what htppened on r ead jus tmen t .  
These arc p r e t t y  much e q u i l i b r i u m  d a t a  and we're n o t  
p l a y i n g  w i t h  t h e  t h i n g .  

A r ead jus tmen t  was made r i g h t  a f t e r  t h e  2900 c y c l e s  
o r  r i g h t  around 3,000 c y c l e s  and w e  g o t  back to a 1.47 
c u t o f f  b u t  we had to  d rop  down t o  a 225  m i l l i v o l t  t h i r d  
e l e c t r o d e  c u t o f f .  

Now comparing t h a t  w i t h  what w e  had b e f o r e  w e  made 
t h e  c o r r e c t i o n  -- 

(Overlay 96. ) 

-- you see t h a t  t h e  b a t t e r y  v o l t a g e  c u r v e s  haven ' t  changed 
very  much. 

I n  f a c t ,  i f  I s l i d e  it o v e r ,  t h e  a c t u a l  s l o p e  of 



t h e  t h i r d  e l e c t r o d e  s l o p e  hasn ' t  changed very much e i t h e r  
so it appears  t o  be kind of  an o f f s e t  change i n  t h e  s i g -  
n a l ,  e i t h e r  because o f  t h e  e l e c t r o d e  i t s e l f  o r  perhaps 
because of an o f f s e t  change o r  kind of  a b i a s  change i n  
t h e  pressure .  

So now t o  compare 3,000 c y c l e s  one yea r  f o r  a t h i n g  
which-- This  is e s s e n t i a l l y  a f u l l  d ischarge;  it is n o t  
a hundred pe rcen t  DOD b u t  it is a l l  t h a t  t h e  b a t t e r y  can  
g ive  a t  t h e s e  kinds o f  rates f o r  both charge and d i s -  
charge. 

(Overlay 9 7. ) 

This is kind of  a comparison o f  where w e  w e r e  new 
and where we  a r e  a f t e r  3,000 cyc les ,  and it s a y s  it r e a l l y  
h a s n ' t  changed a l l  t h a t  much if you neg lec t  t h i s  o f f s e t  
change i n  s e n s i t i v i t y .  

Now r e l a t i n g  t h a t  to  t h e  charge c o n t r o l l e r ,  t h e  
l e v e l  i n  t h i s  c a s e  a 260 would b e  a level t w o  c o n t r o l  
f o r  our  p a r t i c u l a r  c o n t r o l l e r .  220 would be a l e v e l  one. 

So t h i s  wovld nem t h a t  after one vecr of a c c e l e r -  
a t ed  cyc l ing ,  which peri~a,x is  equivalents t o  perhaps t. o 
years o r  t h r e e  yea r s  a t  2 5  pe rcen t  DOD, w e  ought  t o  have 
to  f l i c k  t h e  swi tch  and drop it down one l e v e l  on t h e  
thLrd e l e c t r o d e  to  maintain t h e  same kind of recharge 
c o e f f i c i e n t  . 

This is continuing.  The vo l t age  is n o t  degrading;  
i f  anything,  it is improving somewhat a t  t h e  end of  t h e  
d ischarge .  

I ' m  very i n t e r e s t e d  to  see how t h i s  is going t o  con- 
t inue .  

Tha t ' s  t h e  end o f  my p r e s e n t a t i o n .  

WEBSTER: Thank you, Bob. 

Any ques t ions?  

SCOTT: S c o t t ,  TRW. 



t,IiiGl?r'AL 1'BGE IS 
OE' POOR QUA1,I'IY 



What style of third electrode was in the cells? In 
other words, how is it positioned with respect to the 
plate stack? 

CORBETT: This is on the edge. It's normal to the 
plates. It is right against the side of the plates. 

WADHAM: I'm very interested in your comment that 
you attributed the short circuit due to the cadmium 
migration. I've been asking around quite a bit to find 
out about this, and so far, you're the first person I've 
come across who positively states that cadmium migration 
would produce this. 

A lot of people theorize this; you read it in text- 
books and so on, that cadmium migration causes problems. 
But when you get specific questions you can't get a posi- 
tive answer and say "Yes, we have identified this as 
cadmium migration." 

IIOW well did you analyze the short circuit to deter- 
mine that it was really cadmium migration and wasn't some 
o thcr short circuit w h i c h  vas causing the problem? 

: ::e did not annl.yze itvery well at all. 
i i l  fact, I probably only make the statement because I'm 
out of the main stream. I don't tend to read very much 
literature any more but I identified just based on the 
fact that for one, cadmium to me is the only really mobile 
material in the cell in terms of the fact that it can be 
dissolved in KOH. 

From what I know if it, it is white when it is dit- 
charged -- I mean charged, and it is black when it gets 
reduced. And this was very black material. It looked 
kind of like carbon black. 

I don't know. Are there any experts who can say how 
positive an identification that is? 

WADHAM : I'd certainly be glad to hear 
from any experts on that. 

CORBETT: How about Guy? 



Guy Rampel is begging o f f  on t h i s  one. 

RAMPEL: I'm n o t  t h a t  e x p e r t ,  b u t  I would say  i f  it 
is  black  it a l s o  could have been n i c k e l  oxide ,  and t h e  
b e s t  t h i n g  to  do  would be  to  ana lyze  it. I t  might have 
been n i c k e l  oxide.  

CORBETT: Is t h a t  mobile w i t h i n  t h e  cell? Do you 
g e t  mig ra t ion  o f  n i c k e l  oxide? 

RAMPEL: Charged n i c k e l  ox ide  is q u i t e  mobile and 
can  t r a v e l .  

CORBETT: I was k ind  o f  elated by t h e  f a c t  t h a t  t h e  
ce l l  f a i l u r e  occurred  b e f o r e  t h e  t h i r d  e l e c t r o d e  began 
t o  f a l l  a p a r t ;  mainly b e c a u s e . 1  b u i l t  a power subsystem 
around it I would not  want t o  see t h e  t h i r d  e l e c t r o d e  
degrading very  much. 



STORAGE EXPERIENCE AND MANUFACTURING IMPROVEMENTS: 
FORD/GSFC 

FORD: The rest o. the afternoon will be spent on 
storage experience and also manufacturing improvements 
and without further comment I would like to introduce 
Joel Lackner from the Defense Research Board of Canada. 
He is going to talk about battery maintenance in 
synchronous orbit. 

V.l BATTERY BIAINTENANCE IN SYNCHRONOUS ORBIT: LACKNER/DRE 

LACKNER: This paper will describe the results of 
some experiments at DREO by Ron Haines and myself. 

The experiments were designed to determine a good 
method of maintaining ni-cad satellite cells in syn- 
chronous orbit. 

Now our previous experience being with four satel- 
lites in near-earth orbit. One of the significant 
clifferences between near-earth orbit and synchronous 
orbit operation is that batteries in near-earth crhit 
arc exercised or cyclec? more freqi~cntly and at limited 
overcharge whereas in synchronous orbit, the battery is 
usually called upon to provide power only during thc 
eclipse cycle of 45 days occurring twice a year. 



I n  between e c l i p s e  seasons  the s a t e l l i t e  is i n  
continuous s u n l i g h t  f o r  135 days ,  dur ing  which t i n e  
b a t t e r y  power is  u s u a l l y  n o t  r equ i red  i n  any s i g n i f i c a n t  
amount. Consequently, t h e  b a t t e r y  could be e i t h e r  dor- 
mant o r  sub jec ted  t o  some form o f  prolonged overcharge.  

The depth of d i scharge  on synchronous s a t e l l i t e s  
tends  t o  be g r e a t e r ,  i n  t h e  o r d e r  o f  s i x  pe rcen t  DOD, 
with  80 pe rcen t  maximum. 

Loss o f  b a t t e r y  can a l s o  be more d i s a s t r o u s  than  
f o r  t h e  near-ear th  o r b i t .  

Some o f  t h e  problems incur red  wi th  mainta in ing 
ni-cad b a t t e r i e s  i n  e i t h e r  t h e  open c i r c u i t  o r  continuous 
t r i c k l e  charge mode were discussed l a s t  year  by COMSAT 
and Hughes A i r c r a f t .  The s i g n i f i c a n t  d i f f e r e n c e s  between 
those  tests and o u r s  a r e  t h a t  our  main charge was always 
high r a t e ,  C/10. 

The tests a t  RE0 covered n ine  e c l i p s e  seasons  
sprcaJ over four i\i;:l a !lair' years of  real time testing. 
The tests were done on the ()round on a s i r :u la te4  eel-ipsc 
cyc le r  q x r u t i n y  at r c m n  teial,ei-dturz, fm5 to 75 ipzilrc:n:lzi i . 

The o b j e c t i v e s  of  t h e  tests were t o  s tudy  t h e  
charge e f f i c i e n c y  a t  h igh  r a t e ,  C / l O ,  and low r a t e s  of  
charge,  C/27 and C/40,  and a l s o  t h e  charge acceptance as 
a  f u n c t i o n  of t h e  r a t e  and amount of overcharge. 

The aim was t o  e v a l u a t e  t h e  a b i l i t y  of varying 
charging regimes t o  maintain t h e  b a t t e r y  wi thout  t h e  bene- 
f i t  of r econd i t ion ing  procedures i n  between e c l i p s e s .  
No s p e c i f i c  r econd i t ion ing  procedure was p u t  i n t o  t h e  
program s o  a s  t o  s impl i fy  t h e  b a t t e r y  management from an 
o p e r a t i o n a l  p o i n t  of view. 

To be c o n s i s t e n t  wi th  t h e  d e s i r e  f o r  low-cost 
s a t e l l i t e  c e l l s  and t o  exped i t e  d e l i v e r y ,  t h e  test  cells 
were of  a  s tandard  commercial D c e l l  s i z e  b u t  having t h e  
fo l lowing s p e c i a l  c h a r a c t e r i s t i c s :  

High r a t e  charge c a p a b i l i t y ;  they could be charged 



a t  C/3 and continuously a t  ~ / 1 0 .  

The had a h igh  negat ive- to-pos i t ive  p l a t e  r a t i o  of 
two-to-one; low carbonate  level;  and a polypropylene 
separa to r .  

Seven b a t t e r y  packs of  f i v e  c e l l s  each were sub- 
j ec ted  t o  seven d i f f e r e n t  charge modes. 

( S l i d e  98.) 

The charge c o n t r o l  was accomplished us ing  cadmium, 
cadmium hydroxide coulometers wi th  a DRL design.  The 
coulometers were used on f o u r  of  t h e  b a t t e r y  packs: one,  
two, four  and f i v e .  

The coulometer s i g n a l  i n d i c a t e d  t h e  end o f  t h e  main 
charge and i n i t i a t e d  t h e  overcharge mode a s  noted i n  t h e  
Vugraph. 

Now t h e  main charge  i s  de f ined  he re  a s  t h e  pe r iod  
of  time necessary to  r e t u r n  a hundred pe rcen t  of  t h e  amp- 
hour c a p a c i t y  withdrawn i n  t h e  previous d ischarge .  

ro l lowing thz nnin charge t h e  specific overcharge 
r?.o(!c was i n i t i a t e d .  

Although t h e s e  tests were run  on t h e  ground, DREO 
and Communication Research Center  have had s e v e r a l  y e a r s '  
exper ience  on continuous h igh r a t e  charging a t  C/10 
wi th  o r  wi thout  coulometer charge c o n t r o l  on t h e  Alouet te  

s e r i e s  wi th  a reasonably good degree  of  success .  

The coulometer was merely used f o r  convenience 
r a t h e r  than a s  a s p e c i f i c  tes t  i n  i t s e l f .  There a r e  
va r ious  o t h e r  types  of charge c o n t r o l  dev ices  which could 
have been used. 

( S l i d e  9 9 . )  

Bat te ry  packs one and s i x  behaved a s  expected,  show- 
ing  high r a t e  charging is e s s e n t i a l  and t h a t  even on over- 
charge a high r a t e  i s  requ i red  wi th  an adequate amount of 
overcharge. 



Bat te ry  pack four  proved t h a t  an  adequate over- 
charge a t  a  high r a t e  was needed, and t h a t  overcharge 
c u r r e n t s  of a s  low a s  C/100 could be  noted us ing  j u s t  
a  coulometer c o n t r o l .  

Ba t t e ry  pack t h r e e  was too  low a charge r a t e ,  
e s p e c i a l l y  i n  main charge.  T h a t ' s  where t h e  charge r a t e  
was C/27 continuous.  

On b a t t e r y  number four  it j u s t  went up t o  a  hundred 
percent  p u t  back i n  and then t h e r e  was no overcharge. 
I t  was j u s t  a t  a  very t r i c k l e  of about C/100. 

Ba t t e ry  pack two is overcharged a t  C/40.  

Bat tery  pack f i v e  is C/27. 

One is-- B a t t e r y  pack f i v e  is C/27, continuous.  

And b a t t e r y  pack one is  C/27 on a pu l se  regime. 

Number s i x  i s  t h e  i n t e r e s t i n g  one because we've g o t  
a conkinuous C/10 DC charge from day one u n t i l  n ine  
r->cl.i:>sc: cycles .  

:Juritbcr two behaved well f o r  f i v e  e c l i p s e  cyc les  
and then tapered o f f  a s  we'd expected.  

Number f i v e  s tayed reasonably cons tan t .  

Number seven is  an odd one t o  f i g u r e  o u t ,  b u t  
?oss iSly  p o i n t s  o u t  t h a t  some open c i r c u i t  s t and  i s n ' t  
too  good. 

May I have t h e  next  Vugraph? 

( S l i d e  l o o .  ) 

This is t h e  n i n t h  e c l i p s e  cyc le .  W e  haven ' t  in -  
cluded t h r e e  and four  because they dropped o u t .  And 
number s i x  is s t i l l  up t h e r e ,  and f i v e ,  one, and seven. 

Number two is j u s t  b a r e l y  holding i n .  



Now we picked  day 25 o u t  o f  t h e  45-day e c l i p s e  
c y c l e  because we've gone p a s t  t h e  peak and y o u ' r e  s t i l l  
going  w i t h  abou t  a 71-minute d i s c h a r g e  w i t h  a s i x  p e r c e n t  
d e p t h  o f  d i s c h a r g e ,  Cb2. 

I f  w e  may have t h e  n e x t  Vugraph it w i l l  summarize 
some p o i n t s .  

( S l i d e  101.) 

T h i s  is  t h e  v o l t a g e  o f  t h e  b a t t e r y  packs  a f t e r  60 
p e r c e n t  d e p t h  o f  d i s c h a r g e  had been t aken  o u t  on day 25 .  
And we have one ,  t h r e e ,  f i v e ,  s i x ,  seven ,  and n i n e  
e c l i p s e  s easons .  

You w i l l  n o t i c e  t h a t  b a t t e r y  packs t h r e e  and f o u r  
d i d n ' t  even meet t h e  f i r s t  e c l i p s e  season .  

J u s t  p r i o r  t o  t h e  s i x t h  e c l i p s e  s eason ,  we Aid a 
r e c o n d i t i o n i n g  on b a t t e r y  packs t w o ,  t h r e e ,  and f o u r  t o  
see i f  w e  cou ld  b r i n g  them back. I t  d i d n ' t  do  any good 
f o r  n u ~ 5 e r  f o u r ,  b u t  it managed t o  i np rove  t h r e e  f o r  
t h a t  one e c l i p s e  season, and just c:aintaincC ~ ; u e d , c r  t ; :o. 

You will notice ~~ i lmher  S c V e i l  Ilas (jot a very  CI,-Y 
c h a r a c t e r i s t i c  i n  t h a t  for t h e  f i r s t  three cc l i ,~se  
s e a s o n s ,  it  had a l o w  v o l t a g e  and then  it h i t  a peak and 
s t a y e d  r e l a t i v e l y  s t e a d y .  

Number s i x  j u s t  had a s t e a d y  d e c l i n e .  

And number f i v e  was about  t h e  s t e a d i e s t  o f  then a l l .  

Wh,t happened to  number seven I d o n ' t  know. Th i s  
is t h e  one khat  had a C/10 charge  b u t  it was a f i v e -  
minute cha rge  on ,  16 minutes  o f f ,  g i v i n g  you an ave rage  of 
C/27. 

Now i n  c o n c l u s i o n ,  i t  would appear  t h a t  t h e  high-  
r a t e  cha rg ing  on t h e  o r d e r  of  C / l O  i s  more e f f i c i e n t  
t h a n  C/27 o r  C/40, and a r e a s o n a b l e  amount of ovcrcharqe  
a t  a cha rge  r a t e  above t h e  t r i c k l e  cha rge  is a d v i s a b l e  to  
ma in t a in  c a p a c i t y .  
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I t  s h o u l d  b e  n o t e d  t h a t  t h e  ce l l  d e s i g n  h a s  t o  b e  
c o m p a t i b l e  w i t h  t h e  c h a r g e  main tenance  r o u t i n e  o r  d i s a s -  
ter may o c c u r .  C e l l s  w i t h  t o o  low a  n e g a t i v e - t o - p o s i t i v e  
p l a t e  r a t i o  w o u l d n l +  be a b l e  t o  to le ra te  h i g h  r a t e  c h a r g i n g  
f o r  l o n g  p e r i o d s ,  e s p e c i a l l y  d u r i n g  o v e r c h a r g e ,  w i t h o u t  
g e n e r a t i n g  h i g h  p r e s s u r e s ,  h i g h  end-of -charge  v o l t a g e s .  
Ce1l.s w i t h  ny lon  w i l l  undoubted ly  s u f f e r  from e f f e c t s  of 
o x i d a t i o n  o n  p ro longed  c h a r g i n g  and t h e r e  c o u l d  a l s o  be 
some t h e r m a l  b a l a n c e  problems u n l e s s  t h e  h e a t  g e n e r a t e d  
o n  o v e r c h a r g e  c o u l d  a l s o  be accommodated by t h e  s p a c e c r a f t . .  
Elow d e s p i t e  t h e  above d e s i g n  c o n s i d e r a t i o n s ,  i t  would  s t i l l  
be p o s s i b l e  to  g i v e  t h e  s t a n d a r d  ccl ls  a h i g h  r a t e  of chargc 
f o r  t h e  major  p o r t i o n  o f  t h e  main c h a r g e  p r i o r  t o  t h e  
o v e r c h a r g e  r e g i o n ,  and w e  s h o u l d  t r y  t o  d e s i g n  our cel ls  
and m a i n t a i n  main tenance  r o u t i n e s  i n  which a way a s  t o  get 
t h e  bast o u t  o f  t h e  n i -cad  sys tem.  T h e  sys tem c a n  offer 
a h i g h  rate c h a r g e  a c c e p t a n c e  and i t  i s  i n h e r e n t  and i s  
u t i l i z z d  e v e r y  day i n  a i r c r a f t  b a t t e r i e s  and consumer 
a p p l i a n c e s ,  so why n o t  i n  s a t e l l i t e  b a t t e r i e s ,  t h e  r a i n  
drawback b e i c y  t h a t  t h e r e  i s  a s l i g h t  w e i g h t  p e n a l t y  d u e  
t o  lower  wat t -hour- to-pound v a l u e .  Mow t h e s e  tests were 
comple ted  two weeks ago so  we h a v e n ' t  g o t  a chemical.  a n a l y -  
sis of t h e  ce l l s  and w e  a r e  wonder ing w h e t h e r  wc s h o u l d  
t e r m i n a t e  them. So i f  t h e r e  are  any q u e s t i o n s  on what  is  
t h e  chemical.  a n a l y s i s ,  w e  h a v e n ' t  y e t  done i t .  

FORD: A r e  t h e r e  any q u e s t i o n s ?  

GROSS: You s p e c i f i e d  i n  t h e  cel ls  you used t h a t  
t h e y  b e  d e s i g n e d  f o r  h i g h  o v e r c h a r g e  c a p s b i l i t y ,  h i g h  
r a t e  c h a r g e  c a p a b i l i t y ,  s o  t h i s  c o n n o t e s  t h a t  t h e  p l a t e  
would ~ r o b a b l v  be extremal-l thin. 

Now i f  t h a t ' s  t h e  c a s e  t h e n  you would e x p e c t  t h a t  
such  a  c e l l  would have lower  c h a r g e  e f f i c i e n c y  t h a n  t h e  
t h i c k - p l a t e d  cel l .  So t h e r e f o r e  t h e  f a c t  t h a t  you 
need a  h i g h  c h a r g e  r a t e  w i t h  t h e s e  ce l l s  t o  have  t h e  
e f f i c i e n c y  you need may n o t  b e  a v a l i d  c o n c l u s i o n  f o r  
t h e  p l a t e d  cel ls .  

LACKNER: You c a n  a c h i e v e  a  h i g h  n e g a t i v e - t o -  
p o s i t i v e  r a t i o  o t h e r  ways a s  w e l l .  



V . 2  EFFEC1r UF LONG TERM ACTIVATED SHORTED STORAGE: 
SCOTT/TRW 

SCOTT: I ' m  goinq t o  t a l k  about  i n a c t ~ v e  s t o r a g e  on 
t h e  ground r a t h e r  t h a n  s t o r a g e  i n  o r b i t ,  a s  may be  ob- 
v i o u s  from t h e  t i t l e .  

I n  connec t ion  w i t h  c e r t a i n  d e f e c t s  t y p e  programs, 
w e  have been f e e l i n g  t h e  p r e s s u r e  t o  s t r e t c h  o u t  c e r t a i n  
cel l  procurements ,  s p a c e c r a f t  b u i l d s ,  and s p a c e c r a f t  
s t o r a g e  over  l onge r  and longe r  p e r i o d s  o f  t i m e ,  and i t  
seems t h a t  eve ry  y e a r  t h e  same q u e s t i o n  comes up: 

We have c e r t a i n  cells  on s t o r a g e ;  a r e  t h e  cells 
s t i l l  good? How much l o n g e r  w i l l  t h e y  be  good? And how 
much longe r  can  they  be  s t o r e d  and s t i l l  meet mis s ion  re- 
qui rements?  

T h e r e  has  been a  c e r t a i n  amount o f  d a t a  a v a i l a b l e  
f o r  ou r  c e l l s  t h a t  a r e  s t o r e d  one o r  two y e a r s .  I would 
l i k e  t o  ncN p r e s e n t  some r e s u l t s  o f  work t h a t  i s  s t i l l  on- 
go ing  t h a t  i s  a p p l i c a b l e  t o  c e l l s  t h a t  have been s t o r e d  
f o r  as long a s  f o u r  y e a r s ,  s h o r t e d .  

( S l i d e  102 . )  

The program i n  g e n e r a l  is  summarized h e r e .  The 
range  o f  ce l l s  t h a t  w e  a r e  looking  a t  e x t e n a s  from s i x  
months t o  f o u r  yea:-s. A t  t h e  moment we a r e  looking  a t  
General  Electric and Gulton cells. That  d a t a  t h a t  I have 
t o  show you today i s  a l l  on General  Electric cel ls .  W e  



w i l l  b e  g e t t i n g  similar d a t a  on Gulton cells. 

Test i i ig  i n v o l v e s  c e r t a i n  tests performed on t h e  
cells a s  cells, as whole cells, and t h e n  subsequent  to  
t h a t ,  teardown of  c e r t a i n  cells and r n a l y s i s  and inapec-  
t i o n  o f  t h e  cel l  i n t e r n a l  p a r t s .  

Our g e n e r a l  approach is to  compare what w e  see a f t e r  
X y e a r s  o f  s h o r t e d  s t o r a g e  w i t h  what we know abou t  t h o s e  
or s i m i l a r  cells when t h e y  were f i r s t  p u t  i n t o  s t o r a g e .  

Now g r a n t e d  o u r  d a t a  bank on dome of  t h e s e  cells, 
e s p e c i a l l y  t h o s e  t h a t  a r e  f o u r  y e a r s  o l d ,  is very  l i m i t e d ,  
b u t  w e  have done o u r  b e s t  t o  surmize  and s y n t h e s i z e  d a t a  
t h a t  n i g h t  be  t y p i c a l  o f  cells when t h e y  were f i r s t  p u t  
i n  s t o r a g e ,  

( S l i d e  103 . )  

The G.E. cells t h a t  were a c t u a l l y  s u b j e c t e d  to  
t e s t  and a n a l y s e s  a r e  summarized he re .  There  are seven 
cel ls ,  several  d i f f e r m t  c a n a c i t i e s ,  a c t i v a t i o n  d a t e s  
ranqinq from 69  to 72 ,  t h e  t o t a l  l i f e  s i n c e  a c t i v a t i o n  
u17 to C i w  vo?.ra,  ant! 2lic st ,?raqe t ine one ,  two, and four 
years .  

Now, r a t h e r  t h a n  go through an  e x h a u s t i v e  r e c i t a -  
t i o n  o f  t h e  d a t a ,  I w m l d  j u s t  l i k z  t o  q u i c k l y  summarize 
ou r  g e n e r a l  r e s u l t s  and t h e n  show you some s p e c i f i c  d a t a  
on  one i n t e r e s t i n g  a s p e c t  o f  s t o r a g e  t h a t  we have come up 
w i t h .  

B r i e f l y  p u t ,  w e  have seen  e s s e n t i a l l y  no s i g n i f i c a n t  
changes t h a t  we can  a t t r i b u t e  t.o s h o r t e d  s t o r a g e  up t o  
f o u r  y e a r s  w i th  r ega rd  t o  l eakage  c o n d i t i o n s  around t h e  term- 
i n a l s ,  o r  cel l  impedence fo l lowing  a few c y c l e s  t o  cond i t i o r .  
t h e  ce l l ,  end o f  cha rge  v o l t a g e s  o r  end of  cha rge  p r e s s u r e s  
compared t o  what t h e y  were d u r i n g  i n i t i a l  accep tance  test- 
i n g  o f  t hose  cells ,  maybe a s l i g h t  i n c r e a s e  i n  end of  
cha rge  v o l t a g e  b u t  no th ing  t o  g e t  e x c i t e d  about .  

Discharge c a p a c i t i e s  were w i t h i n  t h e  sane range ,  i n  



genera l ,  t h a t  we observed when t h e  cells were f i r s t  p u t  i n  
s to rage .  

Af te r ,  t h e  cells t h a t  were sub jec ted  to  c e r t a i n  
electrical t e ~ t 8  were then  torn down and i n s p e c t i o n  o f  
t h e  i n r i d e  of  t h e  cells i n d i c a t e d  t h a t  t h e  cells locke6,  
both  v i s u a l l y  and uader low-power microscopic examination, 
t o  be  about  t h e  same a s  they were -- as  cells kook today 
when they a r e  new and as f a r  a s  w e  can remember a s  to what 
they looked l i k e  up t o  four  y e a r s  ago. 

A g e n e r a l  a n a l y s i s  of  c e r t a i n  s e l e c t e d  phys ica l  and 
chemical c h a r a c t e r i s t i c s  of t h e  pla'es, i l lcluding t h i c k -  
ness  measurements, d e n s i t y ,  p o r o s i t y ,  a c t i v e  m a t e r i a l  
con ten t ,  were a l l  w i t h i n  t h e  same range a s  they were when 
t h e  cells were f i r s t  s t a r t e d .  

Now, w e t t a b i l i t y  of the s e p a r a t a r :  W e  don ' t  - e a l l y  
have good d a t a  on w e t t a h i l i t y  measurements f o r  cells t h a t  
were new four  y e a r s  ago, b u t  t h e  w e t t a b i l i t y  appeared t o  
be adequate.  

The cond i t ion  of the s q m r a t o r  was c ~ u i t e  r;ooll, 
c e r t a i n l y  no t  outni<io of the ranTr: t h a t  wc! see (.,;I hr;:n.:-. 
new cells as w e  see them fron the r tanuiac turer ,  

We d i d  a l i l n i t t d  a ,smt of e l ec t rochemica l  capac i ty  
and charge acceptance measurements on t h e  negat ive  p l a t e s .  
W e  were pr imar i ly  concerned wi th  t h e  nega t ives  because 
a t  l e a s t  a l l  of our c a p a c i t y  measurements i n d i c a t e d ,  from 
an e lec t rochemical  s t andpo in t ,  t h a t  t h e r e  was no problem 
wi th  t h e  p o s i t i v e  e l e c t r o d e s  i n  t h e s e  cells. 

The flooded hydrogen f r e e  charge acceptance of the 
sample nega t ive  p l a t e s  t h a t  w e  t e s t e d  was q t i i t c  adequate 
and khe d i scharge  c a p a c i t i e s  were what w e  would expec t  t o  
see i n  new cells. 

There was, however, one type of  change which I th ink  
is  i n t e r e s t i n g ,  t h a t  w e  are somewhat concerned about ,  
a l though t h i s  change does n o t  appear t o  a f f e c t  t h e  imme- 
d i a t e  charge and d i scharge  c h a r a c t e r i s t i c s  and o t h e r  
d i r e c t l y  measureble c h a r a c t e r i s t i c s  of t h e  cell. 



One t h i n g  w e  have n o t  done and hope to  do i s  t o  do 
some extended cyc l ing  o r  l i f e - t e s t i n g  of some of t h e s e  
o l d e r  cells to  see whether t h e r e  a r e  any e f f e c t s  t h a t  
might develop from more extended cyc l ing .  We have no t  
done t h a t  type  of t e s t i n g  s o  f a r .  

The a r e a  t h a t  I would l i k e  to  end up on is  t h a t  o f  
e l e c t r o l y t e  con ten t  and a n a l y s i s  of  t h e  s e p a r a t o r s  and 
t h e  p l a t e s .  For t h i s  s tudy  w e  d i d  n o t  use t h e  approach 
of e x t r a c t i n g  t h e  e n t i r e  p l a t e  s t a c k  and rerncving a l l  of 
t h e  e l e c t r o l y t e  from t h e  p l a t e  s t a c k  a s  a whole. 

We separa ted  t h e  p l a t e s  under n i t rogen ,  i n d i v i d u a l l y  
removed p l a t e s  and s e p a r a t o r s ,  and conductec e l e c t r o l y t e  
a n a l y s i s  on i n d i v i d u a l  p l a t e s  and i n d i v i d u a l  s e p a r a t o r s  
so w e  could g e t  some idea  of what t h e  d i s t r i b u t i o n  of 
e l e c t r o l y t e  was i n  t h e  cells from p l a t e  t o  p l a t e  and from 
s e p a r a t o r  t o  separa to r .  

General ly speaking,  t h e r e  was some v a r i a t i o n  w i t h i n  
any one cell, a t  l e a s t  from one p l a t e  t o  ano the r ,  one 
negat ive  p l a t e  t o  another ,  o r  one p o s i t i v e  p l a t e  to 
another ,  b u t  t h a t  v a r i a t i o n  was small .  

( S l i d e  ' 0 4  ) 

The r e s u l t s  I would l i k e  to  show you f o r  four  
p l a t e s .  This  is o u t  of a t y p i c a l  cell .  

One of those ,  02405,  is one o f  t h e  five-year-old 
cells t h a t  was s t o r e d  f o r  f o u r  yea r s .  I have expressed 
t h e  e l e c t r o l y t e  a n a l y s i s  i n  terms o f  t o t a l  a l k a l i n i t y  
which is  t h e  sum of  hydroxide and carbonate  equivalence ,  
expressed them i n  terms of  a u n i t  of  a r e a  o f  t h e  p l a t e  
m a t e r i a l  i n  t h e  cel l  i n  o r d e r  t o  sort o f  have a number 
which is  independent of t h e  s i z e  of t h e  cel l .  

Without any numbers t o  compare e x a c t l y ,  t o  compare 
t h e s e  numbers t o ,  i t  i s  hard t o  judge b u t  it is  i n t e r e s t -  
ing  t h a t  a t h e o r e t i c a l  a n a l y s i s  of t h e  e l e c t r o l y t e  d i s -  
t r i b u t i o n  i n  these  c c . l l s  which assumes t h a t  t h e  same 
amount of e l e c t r o l y t e  is absorbed by each o f  t h e  nega t ive  
p l a t e s  and each of  t h e  p o s i t i v e  p l a t e s  p l u s  t h e  two 
s e p a r a t o r  l a y e r s  a s s o c i a t e d  wi th  t h e  p o s i t i v e  p l a t e ,  i f  



you make t h a t  assumption, then  you c a l c u l a t e ,  assuming 
t h a t  t h e  amount o f  e l e c t r o l y t e  i n  t h e s e  cells, t h a t  the 
o r i g i n a l  volume was two and a h a l f  times t h e  nominal cell 
c a p a c i t y  and t h a t  34 pe rcen t  KOH was used, making a l l  
those  assumptions, you come o u t  wi th  t h e  c a l c u l a t i o n  t h a t  
t h a t  number t h a t  you see up t h e r e  should be  20 mi l leWiva-  
l e n t s  f o r  nega t ives  and 18 m i l l e q u i v a l e n t s  f o r  p o s i t i v e s .  

So a t  le 1st these  numbers a r e  t h e  r i g h t  o r d e r  of  
magnitude f o r  t h e  p l a t e s .  

The r e l a t i v e l y  high l e v e l  f o r  pe rcen t  o f  carbonate ,  
p a r t i c u l a r l y  i n  t h e  nega t ive  p l a t e s ,  is of some concern 
al though of course  t h e  e x a c t  e f f e c t  o f  carbonate  is contro-  
v e r s i a l .  I d o n ' t  know what t h e s e  numbers would be f o r  a 
new cell  al though w e  do have some d a t a  f o r  r ecen t ly -  
obta ined cells b u t  t h e  recent ly-obta ined cells w e r e  p u t  
through a decarbonating process  by the manufacturer ,  and 
t h e s e  o l d e r  cells were no t ,  a s  f a r  a s  I know, so t h a t  
I d o n ' t  have any r e a l  good o l d e r  d a t a  to  conpare to. 

( S l i d e  105.) 

Finally, the rnost i n t e r e s t i n g  set of d a t a  I t h i n k  
i s  f o r  the a n a l y s i s  of t h e  s e p a r a t o r s .  These were 
s e p a r a t o r s  t h a t  were removed from the  c e l l  immediately 
a f t e r  disassembly,  were immersed i n  d i s t i l l e d  water 
immediately and t i t r a t e d  s e p a r a t e l y  f o r  -- w e l l ,  t i t r a t e d  
two s t e p s ,  by a s t andard  procedure f o r  hydroxide and f o r  
carbonate.  

The cel ls  a r e  of decreas ing  age a s  they  a r e  l i s t e d  
he re .  The two cells a t  t h e  t o p  were t h e  o l d e s t ;  cell 
180 was next ;  and 025-06 was t h e  newest cell .  

Notice p a r t i c u l a r l y ,  going f r a a  newer =ells t o  
o l d e r  cells, i n  genera l  t h e  l e v e l  of  t o t a l  mil lequiva-  
l e n t s p e r  u n i t  a r e a  of s e p a r a t o r  m a t e r i a l  ranges over  

a f a c t o r  of about  t h r e e  downward wi th  age. 

A t  t h e  same t i m e ,  t h e  percentage  of  carbonate  goes 
UP 

Again, making t h e  same type  of  assumptions 
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regarding the initial distribution of electrolyte in the 
cell, it appears that these numbers here (indicating) are 
about what you would expect in a new cell, so that these 
lower values here represent a distinct loss of electro- 
lyte from the separator, at least a loss of alkalinity. 

We did not do a direct determination of weight loss 
or water content or other associated things which might 
give us a more detailed idea of what is actually happen- 
ing here, but this change with storage life was the only 
significant shift in characteristics of the cell that we 
could find during our analysis. 

One, I guess, point I did not make -- I guess it 
was not listed on that list of other characteristics -- 
was that in these cells we did measure the AC impedence 
of the cells following the electrical part of this test 
procedure and found it to be slightly higher than what 
we would expect in a new cell, like 25 percent or 50 
percent higher. 

:low, maybe when you're talking about percentage 
c!~anyes, it could be that 25 or 50 percent is quite sig- 
nificant; certahly if that reflects a drying state of 
a2yrator it is consistent with the change in alkalinity 
content that is shown on this slide. 

That concludes what I have to say on that. 

DE BAYLO: What was your storage envi --\merit? 

SCOTT: Up until about a year ago, it. ts  about 70 
degrees, plus or minus a few degrees. Then for the last 
year it has been about 60 degrees, plus or minus five. 

BOGNER: Two questions. 

Did you say that you calculated the total 
quantity of electrolyte in the cell? 

SCOTT: No. We assumed an average value equal to 
two and a half times the cell rated capacity in milli- 
liters. 



BOGNER: With your a n a l y s i s ,  though, you could n o t  
c a l c u l a t e  t h e  q u a n t i t y  of  e l e c t r o l y t e  t h a t  you r e a l l y  
found i n  t h e  c e l l ?  

SCOTT: Well, y e s ,  w e  could  have, by mul t ip ly ing  by 
t h e  t o t a l  p l a t e  a r e a  and t h e  total  s e p a r a t o r  a r e a ;  
assuming t h a t  it w a s  uniform w e  could have c a l c u l a t e d  
back. I d i d  n o t  do t h a t .  

I t  would have i n d i c a t e d  propor t ionate ly- -  Wellr 
you see, s i n c e  t h e  change was s o  much g r e a t e r  i n  t h e  
s e p a r a t o r  than  i n  t h e  p l a t e s ,  you would have to make a 
s e p a r a t e  c a l c u l a t i o n  and then add them up. I d i d  n o t  do 
t h a t .  

BOGPIER: Were t h e  cells discharged or charged? 

SCOTT: They were discharged.  

WADHAM: Did you f i n d  any s i g n s  of cadmium migra- 
t i o n  i n  t h e s e  c e l l s ?  

C C C T T :  ;lo rmre t h z n  we see i n  a r.cw cell, s.17:ic:~ i s  
som s l i i ~ i l t .  You see it s o r e t i n e s  a t  t h e  corners ;  
~a~::,eti;,.i+s tl?.src's =I fet; ;)ressure p o i n t s  t!mt YOU zsn srsr:, 
ba t  no Liffercnt than  in 2211s t h a t  have, say, c o r t ? l c t ~ i  
acceptance t e s t i n g  and might have gone through 10 or 20 
cyc les .  

KRAUSE: I t h i n k  I have a r e c o l l e c t i o n  t h a t  most 
of t h e  G.E. c e l l s  over  t h e  p a s t  four  or f i v e  y e a r s  have 
been runni.:g around 3 c.c. 's per  r a t e d  ampere-hour. I 
was j u s t  wondering i f  t h a t  might have some e f f e c t .  

SCOTT: You've g o t  t o  d i s t i n g u i s h  between what is 
i n i t i a l l y  p u t  i n  and what you g e t  when you f i n a l l y  g e t  
t h e  cell .  They a r e  no t  t h e  same. 

DUNLOP: I guess t h e  p o i n t  I ' m  most cu r ious  about ,  
I d i d n ' t  g e t  t h e  t i m e  frame again .  On t h e  l a s t  s l i d e  you 
showed you s a i d  t h e  t i m e  frame was t h e  o l d e r  c e l l s  t o  t h e  
newest. What was t h a t  t i m e  frame? 

SCOTT: The one shor ted  l o n g e s t  had been shor ted  



f o r  f o u r  yea r s .  They were a t o t a l  of  about  f i v e  y e a r s  o l d .  
They were made i n  '69. 

DUNLOP: They were made i n  '69, s o  t h a t  was j u s t  a 
time sequence t h a t  you showed t h e r e ?  Those cells were a l l  
d i f f e r e n t  t imes? 

SCOTT: There were two c e l l s  t h a t  were f i v e  y e a r s  
o l d ,  I t h i n k  two cells,  two or t h r e e .  And t h e r e  were two 
o r  t h r e e  t h a t  were t h r e e  y e a r s  o l d .  And then  t h e r e  was one 
o r  s o  t h a t  was one y e a r  o l d .  

DUNLOP: W e l l ,  I guess  I would l i k e  t o  make a couple  
of  comments h e r e  about  what we've observed,  and we're 
going t o  have a d i s c u s s i o n  on it tomorrow. But t h e  i n i -  
t i a l  numbers appeared t o  be -- w e l l ,  I would s a y  seemed t o  
be  q u i t e  ransonable.  

W e  observed number o f ,  t y p i c a l l y ,  11 p e r c e n t  of  c a r -  
bonate  i n  t h e  e l e c t r o l y t e  i n i t i a l l y .  W e  have s h o r t e d  
cells f o r  two y e a r s ,  b u t  w e  have observed some i n c r e a s e  
b u t  it is n o t  anythin? l i k e  t h e  numhcrs you ' r e  lookinq a t .  

If I reail ;;,'ou r iqil t  you're l o r~ ' t i n9  st nunbers l i k e  
38 p e r c e ~ ?  t , 37 p r c e n t  carhonate .  

SCOTT: Those a r e  from t h e  ones t h a t  have been 
s t o r e d  f o r  f o u r  yea r s .  They were q u i t e  a b i t  lower-- Of 
cour se  t h e  ones t h a t  were on ly  two y e a r s  o l d  were about  t h e  
same numbers t h a t  y o u ' r e  t a l k i n g  about .  They were i n  t h e  
o r d e r  of  15 pe rcen t .  

DUNLOP: I t ' s  s u r p r i s i n g .  Do you have any explana-  
Lion f o r  t h a t  seemingly very  l a r g e  i n c r e a s e  i n  t h e  c a r -  
bonate  percent?  

SCOTT: Off-hand, i f  you ' r e  say ing  how t h a t  could  
occur  du r ing  s h o r t e d  s t o r a g e  p e r  s e ,  I d o n ' t  have an ex- 
p l a n a t i o n .  

DUNLOP: Have you done any o t h e r  a n a l y s i s  on your 
cel l  t o  t r y  t o  c o r r e l a t e  whether i t ' s  p o s s i b l y  from-- 
I t ' s  s u r p r i s i n g  you would have t h a t  much ca rhona te  i n  your  
p l a t e s  t o  begin  w i t h ,  I guess  is  what we're c u r i o u s  abou t ,  



and we're wondering where t h e  heck t h i s  is coming from. 

FORD: I want t o  c l e a r  up a p o i n t  here.  The implica-  
t i o n  is  t h a t  t h i s  carbonate  l e v e l ,  p a r t i c u l a r l y  on t h e  
o l d e r  cel l ,  is  t h e  r e a u l t  of s t o r a g e  and I d o n ' t  know how 
you d i s t i n g u i s h  whether i t ' s  t h e  r e s u l t  of s t o r a g e  o r  
whether it was t h e r e  t o  begin wi th  because t h e  h igher  num- 
b e r s  t h a t  I saw a r e  n o t  un l ike  some o f  t h e  d a t a  w e  g e t  
from -- some r e c e n t  d a t a  t h a t  w e  g o t  from Crane on cells 
t h a t  were p u t  i n t o  t h e  tes t  program o u t  t h e r e  i n  '69 and 
'70.  So I d o n ' t  know how you draw a l i n e  and say  t h a t  t h e  
carbonate  is inc reas ing  because of  t h ?  s t o r a g e ,  o r  where 
it is j u s t  r e f l e c t i n g  t h a t  t h e  carbonate  l e v e l  was t h a t  
much higher  back then than  it i s  today. 

I t h i n k  t h e  l a t t e r  may be t r u e .  I d o n ' t  t h i n k  t h e  
d a t a  has  i n d i c a t e d  t h a t  t h e  s t o r a g e  per iod  i n c r e a s e s  t h e  
carbonate.  

SCOTT: I t h i n k  I s a i d  w e  have e s s e n t i a l l y  no d a t a  
f o r  carbonate  l e v e l s  i n  a e w  cells a s  of four  o r  f i v e  y e a r s  
ago. 

DUNLOP: W e l l ,  t h e  i n i t i a l  l e v e l s  on c e l l s  w e  g o t  
:our or Eive y e a r s  aqo was about-- The  amount t h a t  you 
xcasure hv e x t r a c t i o n  of e l e c t r o l y t e  i s  about  11 or 1 2  
percent .  T h a t ' s  what you measure on day one. 

The same cells measured today,  when they 've  been 
opera ted  i n  a r e a l  time sense ,  measure about  18 pe rcen t .  
These numbers he re  a r e  j u s t  t w i c e  a s  much a s  anything w e  
have ever  seen be fo re ,  and I ' m  j u s t  cu r ious  as t o  whether-- 
Your comment was you d o n ' t  t h i n k  it has anythinq t o  do 
wi th  t h e  s t o r a g e  mode or something t o  t h a t  e f f e c t .  

My comment is  we have never seen numbers l i k e  t h i s  
on a l o t  of c e l l s  t h a t  we've looked a t ,  whether we're 
s t o r i n g  them shor ted  o r  whether we're running them on a 
L e a l  t i m e  b a s i s .  We have never seen anything h igher  t o  
d a t e  than 18 pe rcen t  carbonate ,  and t h a t ' s  a f t e r  f i v e  o r  
s i x  yea r s  of  r e a l  time t e s t i n g  of cells t h a t  were b u i l t  
i n  t h e  same t i m e  frame a t  t h e  same i n i t i a l  l e v e l s .  

So what I guess  I ' m  askinq is I d o n ' t  know whether 
t h e  numbers you ' re  t a l k i n g  about a r e  r e a l  o r  no t .  They 



seem like they are exceedingly high. I don't think you 
can run a cell very well at that level. 

I guess I don't know what I 'rn really asking. 

SCOTT: I understand your point, Jim. You know, if 
some of you have soitre reservations as to whether or not 
we might be inadvertently contaminating our samples by 
exposure to air, I can only assure you that we stood on 
our head to not c~nta~~inate them by our handling proce- 
dures. 

~n fact, one of the things we did was develop a 
curve by which we could predict if we had to bring the 
sample, the separator sample, out into the air. We ran 
a series of tests exposing separators wet with KOH to air 
for different lengths of time and plotted a curve and 
extrapolated them all back to zero time. 

I think it is good data. I don't have an explana- 
ti.01: for it. T can say, howcvar , thnt  *:rc have ?ad simi- 
lar  on o l f 1e r  cells, cspccially those that have hal more 
c.:::;~ 1 . j . f ~  or, tl!?n. T% .:!on ' t con:;; rlcr 2 5 cc..l-iiv.~lent y r -  
L V ~  t e;:c:c:;'tional ly hiyh. 

DUNLOP: Let me make one more comment. If you have 
levels like 35 percent carbonate, the next step is to try 
to figure out whether that carbonate came from the plate 
or whether it came from degradation of the separator. If 
it came from degradation of the separator there is an oxi- 
dation mechanism and you can determine that effect by 
simply looking at the state of charge. You should get a 
chanqe in the state of charge of your negative electrode. 

That's one way to try to determine whether or not it 
is an oxidation mechanisr.) or a carbonate in the plates. 

SCOTT: Assuming that there is no mechanism fc 
oxidizing the separator in a shorted cell, I don't k, w how 
that difference could arisc; iron shorted storage. 

LACKNER: Lackner, Canadian Defense Research. 



I ' m  a l i t t l e  b i t  confused h e r e .  I was f i r s t  under  
t h e  impress ion  t h a t  you had one  l c t  o f  cells t h a t  you k e p t  
f o r  f i v e  y e a r s  and a t  p e r i o d i c  i n t e r v a l s  you ana lyzed  them, 
s ay  f o u r  months up to  f i v e  y e a r s .  

Now a r e  you s a y i n g ,  i n  r e p l y  t o  J i m  Dunlor,  t h a t  it 
is no t  a l l  one l o t  o f  cells t h a t  y o u ' r e  t e s t i n g ?  

SCOTT: That  ' s r i g h t .  

LACKNER: I t  could  b e  a d i f f e r e n t  manufac turer?  

SCOTT: I t ' s  n o t  one l o t .  

LACKNER: So how can you c o r r e l a t e  t h i n g s  i f  t h e y ' r e  
n o t  one l o t ?  

SCOTT: I ' m  n o t  t r y i n g  t o  c o r r e l a t e  any th ing .  I ' m  
t r y i n g  t o  g i v e  you t h e  d a t a  f l a t  o u t .  I d o n ' t  know what 
ti-oe i n t e r p r e t a t i o n  is  a t  t h e  moment, b u t  a l l  I ' m  s a y i n g  is 
by normal acceptance- type  tes t s  w e  can  f i n d  no a p p r e c i a b l e  
problems o f  performance of  cel ls  t h a t  a r e  f i v e  y e a r s  o l d  
t ' l a t  !'!ave l x c n  stora: i  ~ ' ~ o r t c d  fc-r f o u r  years. 

LACKNER: A l l  I ' m  s u g g e s t i n g  i s  i f  you had bought  
them a l l  i n  one l o t  and t h e n  t e s t e d  them w i t h  t i m e ,  
t a k i n g  f o u r  months, one y e a r ,  a y e a r  and a h a l f ,  and f i v e -  
y e a r  s t o r a g e ,  you would have had a more meaningful  c o r r e -  
l a  t i o n .  

SCOTT: Yes. I would l i k e  t o  have t h a t  kind of ad- 
vanced p lanning  and v i s i b i l i t y  involved  h e r e ,  b u t  it  never 
seems to  happen. 

MARGERUM: I largerus  , from Jlughes . 
Did you s a y  they  were nylon s e p a r a t o r s ?  

SCOTT: They a r e  a l l  nylon s e p a r a t o r s ,  y e s .  



MARGERUM: And al though you tested t h e  cells f o r  
acceptance,  had you run any long enough t o  know they do 
l a s  t ?  

SCOTT: NO,  none of t h e  e i g h t  cells have been 
c a r r i e d  p a s t  j u s t  a r e p e a t  of acceptance t e s t i n g  which 
involves  t h r e e  o r  four  cyc les .  

HARSC1I: I ' m  n o t  t o o  f a m i l i a r  wi th  t h e  term t h a t  
you a r e  us ing ,  o r  t h e  u n i t s ,  "mi l l equ iva len t s , "  b u t  I 
n o t i c e  when you showed t h e  p l a t e s  from t h e  o l d e s t  cells 
t o  t h e  newest cells it appeared t h a t  t h e r e  was no t  much 
d i f f e r e n c e  between. I b e l i e v e  they were a l l  on t h e  o r d e r  
of  20 or whatever t h a t  number was. 

And then on t h e  o t h e r  s l i d e  f o r  t h e  s e p a r a t o r  t h e r e  
was a  d i f f e r e n c e  on t h e  o r d e r  of s i x  to two. 

I wonder i f  you would e x p l a i n  where t h e  rest of  t h e  
e l e c t r o l y t e  is. 

SCOTT: I wish I knew, R i l l .  I would l i k e  t o  inves-  
t ig, t te  that Lut riylnt: not: I don't know. 

i !  : Io t h e  ~wnuf  ac t u r e r  i n  a y r e e ~ ~ e n t ,  o r  have 
you talked t o  hin about  t h e  o r i g i n a l  e l - ec t ro ly te  quan t i -  
t y  i n  t h e s e  cells some way t o  determine t h a t  perhaps a  
l i t t l e  b e t t e r ?  I f  you assume t h a t  t h e r e  was on ly  2.5 
l e v e l  of c.c.'s per  amp-hour it would f a c t o r  a l l  those  
numbers up s l i g h t l y .  

SCOTT: I agree.  I have n o t  t r i e d  t o  do t h a t .  I 
t h i n k  t h e  change of  a  f a c t o r  of t h r e e  i n  t h e  s e p a r a t o r  is 
t h e  t h i n g  t h a t  1 would l i k e  to  p o i n t  t o  f i x s t ,  and I ' m  
s u r e  t h a t  t h e  l e v e l  of  e l e c t r o l y t e  was no t  a  f a c t o r  oF 
t h r e e  less four  y e a r s  ago than it is  today. 

KRAUSE: I was n o t  ques t ion ing  t h e  l e v e l  of  t h e  
s e p a r a t o r .  W e  see t h e  same t h i n g  i n  our  ana lyses ,  t h a t  
wi th  t i m e  t h e  s e p a r a t o r  dries o u t ,  b u t  r a t h e r  t h a t  those  
percentage numbers of t h e  e q u i v a l e n t s  o f  carbonate  could 
be expla ined i n  terms of what J i m  Dunlop sees. H e  has  
never seen anything h igher  than  18 percent .  We d o n ' t  
see numbers anywhere nea r  t h a t  high e i t h e r .  



If you assume there is leas electrolyte then of 
course the percentage of carbonate that you determine is 
increased. That percentage number looks higher. 

SCOTT: No, that's an equivalent percent based on 
total alkalinity. What I mean is that's the equivalence 
of carbonate divided by the total of OH plus carbonate. 

KRAUSE : In weight percent. 

SCOTT: No, in equivalent percent, the number of 
equivalence. You see, the presumption is that if you 
start out with pure KOII in a cell and you do not -- let's 
say you do not oxidize any separator, that all the car- 
bonate has to come from metastasizing initially in- 
soluble carbonates in the plates and for every equivalent 
of carbon3te you exchange an equivalent of OH, so your 
total alkalinity remains the same. 

Now we did check that point and indeed, at least 
in some of the newer cells where we were more sure of the 
amount of electrolyte initially there, we did confirm the 
fact t h a t  it lookec? li?e t21c total alkalinity was t.hc s m e  
a s  it. was i n i t i a l l y ,  a1xi we just cxchanqed s o w  carbonate 
far s o x  W!. 

BOCIJER: I just want to add one data point. 

On a cell that had been cycled about 11,000 cycles, 
about 54 percent-- not 11,000, 1,100 cycles at 54 
percent DOD, a 20 ampere-hour cell, it came out with 46 
percent concentration of carbonate. 

SCOTT: And no sign of a deteriorative separator in 
that cell, as I recall. 

BOGNER: There was heavy cadmiun deposits on it. 

tlC DERMOTT: When you found, going from the new to 
the old cells, that you went from sornethinq like six 
millequivalent down to two, were you making a direct 
correlation between wetness anu dryness w ~ t h  those r u n -  
bers, or did you actually take some weight measurements? 
Are you usinq mille?uivalents as sort of a measure of 



wetness and dryness? 

SCOTT: Well, the terms wetness and dryness are, of 
course, rather subjective unless you back them up with 
some analysis. 

As far as I know, there isn't much quantitative 
analysis that goes along to say what is wet and what is 
dry. This is some of the, you know, some of the -- a 
few pieces of data along those lines that tends to define 
what is wet and what is dry. 

All I can tell you is that the separators in those 
older cells appeared dryer. They did not appear boae dry 
by any means, but they tended to stick a little bit more, 
but not a lot more than the newer cells, and they just had 
a dryer appearances if you are used to, you know, com- 
paring one with the other. 

Rut what's dry and what's wet from a subjective point 
of view I'm sure I don't know in terms of electrolyte 
content. 

SCOTT: I'm sure it would. That's a level of study 
that is well beyond what we could undertake here. 

FORD: Thank you, Will, 

I think that during this past talk a c x p l e  of very 
pertinent questions were raised, and we have some d:;a we 
will try to qet together for tomorrow's session, which is 
a computer printout that Cral..? made summarizing all the 
analyses they've done on a large number of cells, includ- 
ing three or four manufacturers. and I can't recall the 
numbers but I recall- I'm not w e n  sure of the units 
right now but we'll try to get the data for you tomorrow 
because I know some of the numbers were in the high 20's 
in the carbonate analysis, and 1 think it would be 
interesting to correlate that with this because the higher 



numbers are definite for cells that have been on test for 
longer periods. 

That doesn't necesearily say it was in the cell to 
start with, or that it came from the cell during the 
operation, but I think it would be of interest to compare 
those numbers and we'll try to get them for tomorrow's 
meeting. 

Okay, I would like to move on. The first two dis- 
cussions we've had were on storage. The next one is on 
manufacturing and processing. It is by Dave Pizkett of 
the Air Force Aeropropulsion Lab, and the subject is 
Electrochemical Impregnation of Nickel. Plaque with Nickel 
Hydroxide. 



V . 3  ELECTROCIIUMICAL IMPREGNATION OF KICKEL PLAQUE WITH 
NICKEL I iYDROXIDE:  PICKI;?'T/AFAPTd 

PICKETT: I n  r e s p o n s e  t o  some of t h e  q u e s t i o n s  t h a t  
were r a i s e d  t h i s  morning, t h e s e  a r c  some people who are 
s t i l l .  i n t e r e s t e d  i n  r e s e a r c h  on n i -cad  b a t t e r i e s .  

In f a c t ,  we have had an i n - h o u s e  program g o i n g  for 
t h e  past t h r e e  o r  f o u r  y e a r s  i n  which w e  have been l o o k i n g  
a t  p o s s i b l e  ways t o  improve the enerq-,! d e n s i t y  of thc n i -  
cad sys tem and t o  b e t t e r  f a b r i c a t e  t h e  plates or develop 
new methods for f a b r i c a t i n g  p l a t e s .  

A t  t h e  i n i t i a t i o ~  of t h i s  2roqram we t h o u g h t  we 
would f i r s t  look  a t  t h e  e l e c t r o c h e m i c a ,  methods t h a t  had 
been  proposed such as t h e  C a n d l e r  p r a s e s s  and q e n e r n l l y  
speaking, o u r  f i r s t  e n t r y  i n t o  the progrsi.1 was j u s t  t o  
e d u c a t e  ourse l* .*cs  on  how t o  make p i -cad  b a t t e r i e s  and 
p l a t e s  and ,  i n  g e n e r a i ,  a c q u i r e  ail e d u c a t i o n .  

Wc f i r s t  looked a t  t h e  e l e c t r o c h e m i c a l  methods ,  a s  I 
s t a t e d ,  and w e  looked a t  -- or w e  c o n s i d e r e d  methvds t h a t  
had beer. p u b l i s h e d  i n  t h e  l i t e r a t u r e  by Mcilenry and 
Coburn and a t  the p r e s e n t  time that w e  were i n i t i a t i n g  
t h i s  s t u d y ,  we had a  program g o i n g  on a t  G e n e r a l  Electr ic  
i n  which D r .  Kroyer was i r ,  t h e  procecs of d e v e l o p i n g  t h e  
e l e c t r o ~ h e r n l c a l  method f o r  i m p r e g n a t i n g  p o s i t i v e  p l a t e s .  



I d o n ' t  p lan  to  t a l k  about  t h e  nega t ive  p l a t e  pro- 
cess a t  t h i s  t i m e .  f w i l l  j u s t  l i m i t  myself t o  t h e  posi-  
t i v e  and concen t ra te  on t h a t .  

I would l i k e  to say  t h a t  we've been helped t o  a 
g r e a t  e x t e n t  by B e l l  Telephone Labora to r i e s  i n  t h i s  work 
and when Dick Beauchamp's paper came o u t  i n  t h e  extended 
a b s t r a c t s  of  t h e  Electrochem Soc ie ty  i n  t h e  f a l l  of '70,  
w e  were qu:.te i n t e r e s t e d ,  and w e  went and t a l k e d  with him 
and he was of cons iderable  h e l p  t o  us. 

Our f i r s t  e n t r y  i n t o  t h i s  f i e l d  of e lec t rochemical  
impregnation, w e  had bought a number o f  p l a s t i c  t anks  
t o  t r y  t h e  l o r  temperature processes  t h a t  I j u s t  spoke of 
b u t  t h e  Beauchamp process  is  a h igh temperature process  
i n  which b o i l i n g  s o l u t i o n s  a r e  used and sodium n i t r i t e  
a d d i t i v e  incorpora tad .  And so w e  w e r e  a t  odds a s  t o  what 
t o  do wi th  t h e  p l d s t i c  tanks.  

So we found o u t  by adding e thano l  t o  t h e  s o l u t i o n  
t k 7 . t  ve co:?li  lower t h e  h a i l i n g  tevpcrature and use t h e  
~l- . .s t fc  tan'.: q u i t e  w e l l .  An.? as a r e s u l t  of t h i s  w e  
c a w  tl:: wi"; another electrocIw~ical  nethod of  inqrcq- 
i ~ n ~ ! . i ~ ,  pos i t i ve  p l a t e s .  

Contrary t o  what some people may t h i n k ,  we d i d  no t  
develop t h e  e thanol  process  j u s t  so w e  could d r ink  i n  t h e  
lab .  

But I would l i k e  t o  p r e s e n t  t o   yo^ a t  t h i s  t i m e  some 
c m p a r i s o n  of t h e  d a t a  t h a t  w e  h a w  got w i t h  these va r ious  
methods, and I th ink  t h e  f i r s t  'Juqraph shows some of t h e  
work t h a t  w e  did with  impregnating n i c k e l  e l e c t r o d e s  wi th  
j u s t  p l a i n  n icke l  hydroxide and no t  tising any a d d i t i v e s  
such as c o b a l t ,  e t  c e t e r a .  

( S l i d e  196. j 

This  shows t h e  loadings t h a t  we obta ined.  This  is 
j u s t  on a beaker l e v e l  and these a r e  t h r e e  by t h r e e  inch 
plaques coined about t e n  m i l s .  on t h e  edge, t e n  m i l s .  



deep and a hundred mils. wide. 

I would like to point out here that we used nickel- 
copper electrodes in this process. In the Seauchamp 

. process one normally uses an inert electrode such as 
~latinum or platinum-plated titanium. We tried this and 
we got reasonable results with it but we thought we got a 
little better results if we used a nickel-copper elec- 
trode, so we proceeded with that. 

You will noti:e here that we did get very good load- 
ings with the process, on the order of 2.2. to 2.6 grams 
per c.c. of void in the plaque, depending on which manu- 
facturer's plaque we used. And the porosity did have some 
bearing on that. 

I have calculated current efficiencies for this 
deposition but I will wait until I get to the end of the 
presentation to discuss these, and maybe do a comparison 
between them and the ethanol process. 

(Slide 107.) 

These platcs were given some formation cycles to 
s(2e 5uv thsy ijerforned, and we also included a plate from 
a 34 an!>erc-hour vented ni-cad cell for comparison. 

This (indicating) is cell five. Cell five is a con- 
ventional plate out of an aircraft battery. 

Now these are flooded, positive-limited cells. They 
axe three-plate cells, two plates being negative electrodes 
t 1 one plate being positive, and they were first charged 
at 100 percent overcharge at the one-hour rate. And then 
the subsequent charges and discharges were made at the one- 
hour rate with 20 percent overcharge. 

AnC after about ten or so cycles you can see that 
some of the electrodes that were electrochemically im- 
pregnated sre beginning to fall off a bit in capacity but 
the other electrode keeps on going. 

Wall, there's a possible explanation for this on the 
next slide, but I would like to point out that in these 
impregnations I used a reagent grade nickel nitrate and 



there is no cobalt or any impurities in this at all. 

Okay, once we added the cobalt we got a little dif- 
ferent results and I will just ;how one slide here to sum 
up the over-all performance of what we got from these 
formation cycles. 

(Slide 108.) 

The number of cycles that you see over. here are 
those at which the capacity peaked out and then started 
to degrade. 

The utilization of active matertal is not hear what 
you get in a normal positive plate. 

We tried ten percent cobalt in the active material; 
in other words, the active material was ten percent cobalt- 
hydroxide, and 90 percent nickel-hydroxide. 

PJe did another experiment and we tried to see how 
efficient the plates were at the various loadings, and 
you will notice loading times vary and the amount of 
deposit varies. 

I think the interesting thing here, though, is that 
the capacity retention wich respect to overdischarge or 
overcharge is much better with the cobalt added. 

You see, here is the previous slide -- 

(Overlay 110.) . ..," .7 . I L L  ,-, I ,L T 11,~  (.-.y :'-: 
.. ; l O l / ' f i  ~ua1']1; .;r A 

-- and then the one with the coblat in there. 

You get. a much better capacity. 

Now of course you see that this electrode is getting 
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about  9-1/2 ampere-hours pe r  cub ic  inch ,  and t h a t  seems 
a b i t  unbel ievable ,  and we d o n ' t  always do t h a t .  But i n  
t h i s  p a r t i c u l a r  c a s e  t h a t ' s  what w e  go t .  

Here a r e  somc o f  t h e  r e s u l t s  wi th  t h e  20- and 30- 
m i l  plaques,  j u s t  f o r  some comparison. 

Here again  is a 3P dl plaque and t h e  curve  on t h e  
bottom is f o r  t h e  a i r c r a . t  ce l l  aga in .  

And s o  f o r t h .  

W e l l ,  anyway, t o  sum it a l l  up, t h i s  is what t h e  re- 
s u l t s  look l i k e .  

( S l i d e  113.) 

The number of  c y c l e s  w e  go t  on t h e  p l a t e  be fo re  t h e  
ca,;acity began to  f a l l  off increase(! considera5ly, an2 
t h i s  depended upon which manufacturer ' s  ploque we used t o  
:;me e x t e n t  . 

I might say  a t  t h i s  p o i n t  t h a t  manufacturer A ' s  
plaque was made from 255 Inco powder whereas t h e  o t h e r  was 
t h e  normal 287, I b e l i e v e ,  t h a t  is used. 

The 9 e r c e n t  u t i l i z a t i o n s  o f  a c t i v e  m a t e r i a l  a r e  
q u i t e  phenomenal, and of course  t h i s  c a n ' t  be expla ined 
on one e l e c t r o n  change occur r ing  i n  t h e  d i scharge  r e a c t i o n .  

W e  would a l s o  l i k e  t o  e x p l a i n  t h a t  dur ing  t h e  c y c l i n g  
of  t h e s e  p l a t e s  t h a t  even tua l ly  you see t h e  t h i n g  peaking 
o u t  up here .  

( S l i d e  114.) 

I t  goes on o u t  b u t  it d o e s . ~ ' t  f a l l  o f f  completely to 
zero. The p l a t e  c a p a c i t y  does remain up t h e r e  wi th  t h e  
i n c r e a s i n g  overcharge versus  c y c l e  l i f e .  

( S l i d e  115.) 
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Now f o r  some comparison w i t h  t h e  e t h a n o l  p roces s :  

These are p r e t t y  much the same. There i s n ' t  much 
d i f f e r e n c e  he re .  The l o a d i n g s  are q u i t e  good. Here I 've 
a l s o  inc luded  t h e  ar.ount of t h i c k e n i n g  t h a t  we g e t  on t h e  
p l a t e  a s  a r e s u l t  o f  t h e  impregnat ion.  T h i s  is u s u a l l y  
n o t  more t h a n  a  coup le  o f  m i l s  b u t  t h e r e  are excep t ions .  
( I n d i c a t i n g .  ) 

And i f  you can  c o n t r o l  your  impregnat ion  c o n d i t i o n s  
you can  avo id  t h i s .  

( S l i d e  116.)  

Okay, t h e  format ion  c y c l e s  aga in .  The bottom cu rve  
is from t h e  a i r c r a f t  cell  a g a i n ,  and t h i s  is t h e  same 
c y c l i n g  regime t h a t  I gave you f o r  t h e  o t h e r  p l a t e s .  

The performance o f  t h e s e  p l a t e s  was abou t  t h e  same 
a s  w e  had w i t h  t h e  aquaeous s o l u t i o n .  

W e  a l s o  t r i e d  v a r i o u s  a d d i t i v e s  i n  t h e  p l a t e s  such 
a:; :.:anTanese and c o b a l t  an3  cadmium, e t  c e t e r a ,  t o  see i f  
we c n u l J  i rnpove  t h e  c a p a c i t y  o f  t h e  p l a t e s  any. 

These a r e  some o f  t h e  p l a t e s  w e  t r ied.  W e  had no 
problem load ing  t o  abou t  t h e  same l e v e l s  w i t h  t h i s .  The 
t h i c k n e s s  i n c r e a s e  i n  t h e  p laque  w a s n ' t  t h a t  g r e a t .  W e  
t r i e d  one s o l u t i o n  i n  which w e  had increased concen t r a -  
t i o n  o f  n i c k e l  and w e  g o t  more t h i c k e n i n g  t h e r e  i n  t h e  
p laque .  T h a t ' s  p laque  number 13A-30, t h e  l a s t  one.  

( S l i d e  1 1 8 . )  

Anyway, t h e  r e s u l t s  o f  t h e s e  showed t h a t  t h e  addi -  
t i v e s  d i d  h e l p  t o  some e x t e n t  t o  s t a b i l i z e  t h e  c a p a c i t y  
and t h e  lower cu rves  going on down h e r e  a r e  j u s t  a lmos t  
i n  the i n v e r s e  o r d e r  as  I p r e s e n t e d  them to  you. T h i s  
one ( i n d i c a t i n g )  i s  t h e  one  wit!^ the manganese i n  it. 
T h i s  one ( i n d i c a t i n g )  i s  manganese and c o b a l t .  T h i s  is 
t h e  one ,  t h e  i a s t  one ,  w i t h  j u s t  c o b a l t .  And then  t h i s  
one h e r e  ( i n d i c a t i n g )  has  t h e  cadmium and c o b a l t  combina- 
t i o n .  

( S l i d e  1 1 9 . )  



TA
BL

E 
8 

PE
RF

O
RM

AN
Ct

 O
T 

NI
CK

EL
 H

YD
RO

XI
DE

 E
LE

CT
RO

OE
S 

IM
PR

EG
NA

TE
0 

fR
O

M
 

M
UE

OU
S 

SO
CL

IIIO
NS

 

W
IT

H
 C

OB
AL

T 
PR

ES
CM

 

i1
0 

n
il 

pl
qu

e.
 

M
an

uf
ad

ur
n 

Al
 

U
l 

n
il

 p
lq

u
r.

 
M

In
d

ad
u

n
r 

I)
) 

m
a
 

26
t6
 

t
s
u
 

a
'

 2
.

 
10
46
 

FI
G

UR
E 

11
6 

TA
BL

E 
4 

TA
BL

E 
5 

P
W

o
 

W
l. 

M
u

 
W

l. 
d 

T
h

ic
k

s
s

 
T

h
kL

n
ss

* 
Gr

am
 

d
 

C
u

rr
ed

 
Lo

rd
ln

g 
Nr
. 

*.
)n

*n
g
 

IW
m

R 
B

d
m

 
M

u
 

D
gr

rR
 p

er
 

D
m

R
y 

Ti
m

e 
(p

ri
m

) 
b

rr
m

l 
(i

n
ch

a 
h

h
a

'
 

CC
 d

ud
d 

~
m

p
li

n
~

j (H
n.

M
ln

l 

11
0 

m
il 

p
lr

ju
a)

 W
p 

B 
Po

rn
ai

ry
 - 7

81
2 
r 

ZA
-~

I) 
a

w
 

6.
m

 
o.

m
 

a
m

 
(A

-2
0 

1
1

9
6

 
5

.
 a

m
 

0.
02

19
 

?A
-X

I 
I 

A
~

I
 a

m
 

a
m

2
 

U
-2
0 

11
5%

 
4.

m
 

a
m

 
a

m
 

m
 

p
llp

u
a:

 k
rlp

 
B 

PW
SQ

 
- B?

F
*
 

U
-3

0 
Y

W
 

a
m

 0
.0

1
~

 
am

 
-

3
0

 
Y

M
 

1.
32

 
0

.M
 

tW
IS

 

00
 

m
ll 

p
h

u
e

) 
M

lp
 

C
 P

aa
R

y 
83

.7
 S

 

74
-3

0 
a2

38
 

0.
03

25
 

0
.

m
 

11
-1

0 
m

an
 

a
m

 
o

.
m

 
o
.m

 
*P

m
R

la
 - 

m
a

u
n

d
 u

si
ng

 w
an

 i
nU

bR
ia

n 



T h i s  k ind  of  summarizes it up a s  to  what w e  were 
g e t t i n g  i n  t h e  performance o f  t h e s e  t h i n g s .  Although 
t h e r e  is no g r e a t  improvement i n  what w e  were g e t t i n g  w i t h  
j u s t  c o b a l t ,  it d i d n ' t  h u r t  it any. 

( S l i d e  120 . )  

Th i s  shows t h e  c u r r e n t  e f f i c i e n c y  f o r  l oad ing  t h e  
p l aques  from aquaeous s o l u t i o n s  u s ing  t h e  1 5  m i l  p laque .  

Mow I would l i k e  t o  s a y  a t  t h i s  p o i n t  t h a t  t h e  e f f i -  
c i ency  t h a t  you g e t  f o r  t h e  l o a d i n g ,  r e g a r d l e s s  o r  which 
methods you u s e ,  depends upon t h e  p laque  p o r o s i t y ,  t h e  
amount of  l o a d i n g ,  and I c,,ould imagine on t h e  pH, s o  t h e  
s o l u t i o n  t o  some e x t e n t ,  a l t hough  I have n o t  i n v e s t i -  
g a t e d  t h i s .  

~ u t  t h e  maximum e f f i c i e n c y  w e  were g e t t i n g  w i t h  t h e  
1 5  m i l  p laque  is about  3 5  p e r c e n t .   his is  measured a s  
ampere-hours o f  n icke l -hydroxide  which w e  p u t  i n  o v e r  t h e  
amper-hours o f  c u r r e n t  t h a t  w e  used to  d e p o s i t e  it, 
t i m e s  a  hundred. 

On a 40-mil p l aque ,  t h i s  is much more e f f i c i e n t .  
W e  g o t  a s  h igh  a s  abou t  5 5  p e r c e n t  e f f i c i e n c y .  

With t h e  e t h a n o l  p r o c e s s  on a 30-mil p l aque  w e  g o t  
abou t  2 5  p e r c e n t  e f f i c i e n c y .  

And w i t h  t h e  aqueous s o l u t i o n ,  i t  was somewhere 
around 3 5 .  

( S l i d e  1 2 1 . )  

T h i s  is cha rg ing  e f f i c i e n c y  of  some cells we made 
up w i t h  t h e  p l a t e s  from t h e  aqueous s o l u t i o n  and what I 
have p l o t t e d  h e r e  is  cha rge  e f f i c i e n c y ,  the  cha rge  i n  o v e r  
t h e  cha rge  o u t  times a  hundred o v e r  t h e  s t a t e  of cha rge  
o r  p e r c e n t  o f  f u l l  cha rge  o f  t h e  cell.  And I t h i n k  t h e  
c u r v e  speaks  f o r  i t s e l f .  We g o t  q u i t e  good cha rg ing  
e f f i c i e n c y  w i t h  t h e s e  p l a t e s .  

ORIGINAL PAGE IS 
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These a r e  p l a t e s  w i t h  t h e  t e n  p e r c e n t  c o b a l t  hydr5- 
xide  i n  a c t i v e  material. 

I would l i k e  t o  s a y  t h a t  o u r  i d e a  t n a t  t h e  t e n  pe r -  
cent--  I t  was n o t  o u r  i d e a  to  p u t  t h e  t e n  p e r c e n t  c o b a l t  
i n  t h e r e .  Th i s  h a s  been looked a t  to  some e x t e n t  i n  t h e  
p a s t .  Harvey S e i d e r  and co-workers a t  Gulton some y e a r s  
back looked a t  t h e  e f f e c t s  o f  c o b a l t  and manganese and 
iians Kroger i n v e s t i g a t e d  t h e  e f f e c t  o f  c o b a l t  i n  t h e  
n icke l -hydroxide  e l e c t r o  program t h a t  Genera l  E l e c t r i c  had 
w i t h  u s .  

But I do  t h i n k  t h e  d a t a  shows t h a t ,  number one ,  if 
I may make some c o n c l u s i o n s  based on t h i s  l i m i t e d  d a t a  
f o r  j u s t  b i g g e r  l e v e l  p roduc t ion ,  t h a t  you do g e t  a good 
p l a t e  w i t h  e l e c t r o c h e m i c a l l y  impregnated p laque  and under  
some c i r cuns t ancen  it cou ld  be s u p e r i o r  t o  your  convcn- 
t i o n a l  impregnat ion p roces s .  

We have s c a l e d  t h e  p roces s  un t o  b u i l d i n g  30 aryerc- 
hour v i n t a g e  ce l l s  in-house,  and t h c s c  are cu r ren t l ; ?  Lei;\? 
tested on c y c l e  l i f e .  !'re !lave a c o ~ t r a c t e d  prsgram vi t ! ~  
I l i a  Tech i n  wk.ich they  arc b u i l d i n g  thc 15 ampere-5c:t;r 
c e l l s  u s ing  t!lis :)recess. 

And Rcll Telei41onc has scalcc'l t h c i r  proccsr, u7 am! 
t h e y  are  producing ce l l s  wi th  i t  so i t  has  proven t o  he  -- 
bo th  methods have proven to  be very  v i a b l e  t echn iques  for  
impregnat ing n i c k e l  electrodes and they 110th work q u i t e  
w e l l .  

We have a l s o  made r;c~.c p l a t e s  f o r  v a r i c ~ u s  [ ~ c o p i c  ;;I, 
A i r  Force c o n t r a c t s  f o r  u s e  i n  nickel-!~ydroqen cc l l s ,  and  
tne r e s u l t s  o f  t hose  test ! :  , a r e n ' t  i n  ye t ,  a l l  of :!LC:+ 

a r e n '  t ,  so I won ' t comwnt  ~- -y  f u r t h e r  on t h a t ,  a n u  I -,.. i 1 1 
conclude my p r e s e n t a t i o n  on cha t  no te .  

FORD: A r e  there q u d s t i o n s ?  



NAGLE: Why d i d  you choose t e n  p e r c e n t ?  

PICKETT: Because of sone  work t h a t  Hans Krogar d i d  
a t  Genera l  E l e c t r i c ,  and t h i s  is i n  the f i n a l  r e p o r t  t h a t  
he wrote. 

IJAGLE: Harvey 's  work showed 17 .  

PICKETT: \ J e l l ,  t h a t ' s  f o r  a vacuum impregnated 
p r o c e s s  though. And Kroger ' s  r e s u l t s  a r e  i n  c o n f l i c t  w i t h  
t h a t ,  and I t h i n k  w e ' l l  go  a long  w i t h  t h o s e .  

THORNELL: During fo rma t ion ,  was t h e r e  any change i n  
p l a t e  dimension? 

PICKETT: There was some. Of t h e  v a l u e s  t h a t  I show 
on some o f  t h e s e  -- 

( S l i d e . )  

I t  depends on what t y p e  of p laque  you u s e  how much 
t h i c k e n i n g  you g e t  d u r i n g  t h e  format ion ,  b u t  you d o  g e t  
some and it is n o t  a s  much a s  you g e t  w i t h  a c,,.,: ,-,A- 
t i o n a l l y  impregnated p l a t e .  

FORD: Any o t h e r  q u e s t i r r  ;? 

(No response .  ) 

(Whereupon, a t  5: 00 p.m. , the rneeting was ..:. drnec' 
t o  reconvene a t  9:00 a,m. t h e  fo l lowing  day, )  



HALPERT: Good morning. I want to welcome you all 
back to the second seesion of the 1974 Battery Workshop. 

We will continue with the session of storage experience 
and manufacturing improvements with Floyd Ford as chairman. 

FORD: Thank you, Gerry. 

V. 4 PLATE LOADINGS F m  THE -''YE CELL : FORD/GSFC 

I saved this. I think it might have been a Vugraph 
intended for today's meetit..j; if someone would like to come 
up and claim it, It's interesting what you find on table- 
cloths after technical people qet together. 

Several people asked me yesterday, "f :\ought we were 
going to talk about plate loadings weli tne answer is 
we're going to talk about plate loadings. But my emphasis 
this morning, contrary to what it has been for the last 
three or four years in the workshop, I'm not going to be 
criticizing the battery manufacturers; I'm going to be 
pointing my fingers at the users, And I challenge you to 
take heed cf what I'm trying to tell. you, 

There has been an evolution process on nickel-cad 
cells that has gotten to what I consider a very disturbing 
situation. The evolution process is simply that this quen- 
tion about nameplate versus actual capacity. 

We:ve all seen 20-ampere hour cells and other sizes, 
but using 20-amp as an example, go from 24, 25, 28, as high 
as 29 ampere hours, And there is some time zorrelation 
with this happening, or with this event. 

Now we're going to be talking about improving energy 
density this afternoon, and 1 contend there are ways -- and 
things are going to be discussed today -- to improve the 
energy density of Ni-cad. But I also co.rtend you don't in- 
prove energy density of Ni-cad by stuffing more of the same 
stuff into t.he same size packags. And that's what I'd like 
to talk about this morning. 

PRECEDING PAGE B M ' .  NOT FILbIm 



I t a l k e d  about ,  yes t e rday ,  some t e - t  exper ience  we've 
..dd i n  t h e  24-hour o r b i t .  Well, t h a t  test, even though it 
waa on 6-ampere hour cells,  has  a very r e l e v a n t  a s p e c t  20 
one of Goddard's miss ions .  

We have coming up a launch i n  1976 of one s a t e l l i t e  
c a l l e d  t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer .  I t  w i l l  be 
p laced  i n  synchronous a l t i t u d e  b u t  it w i l l  n o t  be over  t h e  
equa to r ,  it  w i l l  be over  t h e  nor the rn  hemisphere. And, a s  
such,  it w i l l  exper ience  an average of  a 60-minute e c l i p s e  
per iod  every day. We have a three-year  des ign  l i f e ,  a f i v e -  
yea r  goa l .  

Now based on t h e  d a t a  I p resen ted  y e s t e r d a y ,  I t h i n k  
t h e  technology is e r e  t o  g ive  us  t h i s .  

I a l s o  th ink  t h a t  he have c e r t a i n  p i e c e s  of infcrma- 
t i o n ,  c e r t a i n  t h i n g s  t h a t  w e  can do t o  f u r t h e r  enhance t h a t  
t h r e e - l i f e  and p o s s i b l y  achieve  t h e  f ive-year  desig.1 goal .  
And t h i s  is r e l a t e d  t o  t h e  way t h e  c e l l  is b u i l t ;  more 
s p e c i f i  a l l y ,  t o  t h e  amount of a c t u a l  c a p a c i t y  t h a t  is pur 
i n t o  t h e  c e l l .  

And pursuing,  t r y i n g  t o  achieve  t h e  fiuc!-year des ign  
goal  of t h i s  missi.on, w e  looked a t  t h e  t h i n g s  w e  have 
l ea rned  about  c ~ .  f a i l u r e s  r e l a t e d  t o  t h e  synchronous type  
o r b i t .  And I w i l l  r e f e r  t~ t h i ;  as a synchronous o r b i t  be- 
cause i t ' s  a unique synchronous o r b i t  i n  many r e s p e c t s .  

ke have seen  i n d i c a t i o r s ,  a s  I mentioned yes t e rday ,  
t h a t  t h e  p o s i t i v e  p:ates a r e  r e a l l y  d e t e r i o r a t i n g ,  and they 
d e t e r i o r a t e  under c o n d i t i o n s  -- w e l l ,  t h e  d e t e r i o r a t i o n  is 
somewhat of  a func t ion  of  t h e  c o n d i t i o n  of haw t h e y ' r e  used. 
And t h e  speaker  who fo l lows m e  w i l l  t a l k  about  t h a t  t o  some 
e x t e n t .  

But i : ~  looking  a t  t h e  informat ion  w e  had, w e  s a i d  
"What can  w e  do  t o  e:!b.;nce t h e  l i f e  of t h e  cell? What can 
we do t o  t r y  t o  achi3ve t h e  des ign  l i f e  o f  f i v e  yea r s?"  

Well, w e  f i g u r e d  tha t - -  and I d o n ' t  t h i n k  ar..:ane d i s -  
a g r e e s  w i t h  t h i s  philosophy: t h e  more e l e c t r o l y t e  you can 
p u t  i n  t h e  ce l l  t h e  b e t t e r  i t ' s  going t o  las t .  And I t h i n k  



i n  t h e  p a s t  couple of workshops we've seen where t h e r e  nas 
been d a t a  t o  c o r r e l a t e  dryness  i n  a s e p a r a t o r  wi th  cadmium 
migrat ion.  

This  p a r t i c u l a r l y  came o u t  i n  our  polypropylene work. 
A s  most people a r e  aware, polypropylene w i l l  n o t  con ta in  t h e  
same amount of e l e c t r o l y t e  a s  a nylon, and consequently 
cells seem t o  run d rye r .  

We s t a r t e d  o f f  with t h e  des ign  goa l  to achieve a re- 
duct ion  i n  p o s i t i v e  p l a t e  loading of  90 pe rcen t  of  nominally 
s p e c i f i e d .  We a l s o  chosc t o  go wi th  t h e  t e f l o n a t i o n  of  
negat ive  p l a t e s .  And I ' v e  j u s t  t o l d  you who makes t h e  c e l l ,  
because i t ' s  a General E l e c t r i c  12-amphere hour cel l  name- 
p l a t e  capaci ty .  The reason i o r  t h e  t e f l o n a t i o n ,  o t h e r  than 
t h e  f a c t  t h a t  w e  know from experience wi th  t h e  t e f l o n a t i o n  
process wi th  t h e  nylon s e p a r a t o r  w e  can g e t  more e l e c t r o -  
l y t e  i n  a c e l l  than  those  cells made wi thout  t h e  t e f lona-  
t i o n  of t h e  negat ive  e l e c t r o d e .  

A s  f a r  a s  t h e  t e f  l o n a t i o n ,  as r e l a t e d  t o  cadmium migra- 
t i o n  t h a t  we see s o  pronounced i n  nea r  e a r t h  o r b i t ,  I r e a l l y  
cannot say t h a t  t h e  t e f l o n a t i o n  is  going to help  us i n  a 
synchronous o r b i t  o t h e r  than t h e  f a c t  it d i d  provide f o r  ad- 
d i t i o n a l  e l e c t r o l y t e  c a p a b i l i t y  t h a t  I d o n ' t  t h i n k  w e  would 
have. 

But a s  a r e s u l t  of the two t o p  items w e  ended up wi th  
cells Lhat were a b l e  t o  g a t  approximately a 40 pe rcen t  in- 
c rease  i n  t h e  amount of e l e c t r o l y t e  t h a t  had nominally been 
used i n  a 12-ampere houx nameplate capac i ty .  

Now I p o i n t  o u t  w e  d i d  n o t  change t h e  loading on t h e  
negat ives.  This  was only d i r e c t e d  a t  p o s i t i v e s .  However 
i t ' s  my conclusion t h a t  once you can reduce t h e  loading on 
t h e  negat ive  you can reuuce the  loading on t h e  p o s i t i v e .  

I th ink  w e  a l s o  habe t o  look deeply a t  t h e  nega t ive ,  
because i f  t h e r e ' s  one th ing  t h a t ' s  c l e a r  i n  my mind i t ' s  
t h a t  the  u t i l i z a t i o n  t h a t  you g e t ,  both i n i t i a l l y  and long 
term, is going t o  be d i r e c t l y  r e l a t e d  t o  how t h e  p l a t t s  a r e  



loaded; n o t  n e c e s s a r i l y  how a s  much a s  t h e  amount of  load- 
ing  t h a t ' s  p u t  in .  

So what I am prepared to  show you t h i s  morning is  more 
o r  less a summary of t h e  r e s u l t s  t h a t  w e  have g o t t e n  both  
from manufacturing tests -- and I ' l l  h i t  t h e  h i g h l i g h t s  of  
those  because I d o n ' t  want t o  go i n t o  a l l  t h e  d e t a i l s  -- 
a l s o  t h e  acceptance test  or t h e  i n i t i a l  eva lua t ion  tests 
t h a t  t h e  cells went through a t  Crane. 

These cells, t h r e e  types  of them, a r e  now on test  a t  
Crane, l i f e  test  i n  t h e  24-hour o r b i t  regime. W e  a l s o  have 
a pack in-house under test  looking a t  a mission p r o f i l e  a s  
t h e  IUE w i l l  provide t h e  b a t t e r i e s  dur ing  t h e  e c l i p s e .  
And we've no t i ced  a few i n t e r e s t i n g  t h i n g s .  

(S l ide  126.) 

L e t ' s  s t a r t  and look on a comparative b a s i s .  And I 
use t h e  OSO-I simply because w e  have q u i t e  a b i t  of test  
d a t a  and experience on OSO-I cells. I b e l i e v e  B i l l  Webster 
presented  e l e c t r i c a l  test  d a t a  on t h a t  yes terday.  And 
l a t e r  on t h i s  morning y o u ' l l  see some chemical a n a l y s i s  on 
t h e  OSO-I cell. But I used it because i t ' s  a s t andard  
12-ampere hour using nominal parameters ,  a s  you would ex- 
p e c t  i f  you went i n  and bought a nameplate 12 from General 
Electric. 

What is I n t e r e s t i n g ,  and what I f i n d  s i g n i f i c a n t  i n  
comparing these  -- and I used t h r e e  p o i n t s :  what I c a l l  -- 
what t h e  manufacturer r e f e r s  t o  a s  ECT, sometimes c a l l e d  
formation, b u t  this is t h e  f looded p l a t e  test. This  is on 
p l a t e s p r i o r  t o  packing them i n t o  t h e  cell.  I chose a p o i n t  
c a l l e d  mid-acceptance test  simply a s  a comparison. Then I 
chose t h e  f i n a l  acceptance test  by t h e  manufacturer.  And 
t h i s  is the l a s t  test  j u s t  p r i o r  to  shipment. 

Now wha t ' s  i n t e r e s t i n g  is  t h e  t r end  you see on t h e  con- 
ven t iona l  loaded cells, s t a r t i n g  o f f  wi th  a s  high a s  16.5 
ampere hours a s  t h e  average,  o r  t h e  mean. And I show t h e  
number of u n i t s  he re ,  because we're n o t  comparing an  equa l  
number of u n i t s ,  s o  t h e  s t andard  d e v i a t i o n  may r e f l e c t  
t h a t .  But what 's  i n t e r e s t i n g  is t h e  d e l t a  decrease  and t h e  



mean capac i ty  o f  t h e  group o f  cells from t h e  s t a r t  o f  t h e  
f i r s t  e l e c t r i c a l  test, which is a f looded,  t o  t h e  f i n i s h e d  
f i n a l  cell test. 

Here you have approximately 1.5 ampere hours lost .  
Here you have- You s t a r t  w i t h  about  14.8 t o  15, i n  t h a t  
range, and you end up wi th  about  1.5. There ' s  approximately 
a h a l f  an  ampere hour l o s t  i n  t h a t  process.  

( S l i d e  127.) 

The n e x t  Vugraph is taken o u t  of the test r e p o r t  t h a t  
should be i s sued  s h o r t l y  from Crane, showing t h e  three sets 
o f  condi t ions :  The 23OC. capac i ty  C/10 f o r  24 hours,  show- 
ing  what the cells were -- and i t ' s  i n t e r e s t i n g  t o  no te  w e  
have cells now a s  high as 15 ampere hours; t h e  average is 
running about  14.8 f o r  t h e  twenty cells, a l s o  the O°C. 
capac i ty  test, which is C/ZO f o r  s i x t y  hours,  And I did 
no t  show t h i s  i n  comparison wi th  IUE because I d o n ' t  have a 
one-to-one comparison on t h a t .  But t h e  main reason f o r  
showing you t h i s  p a r t i c u l a r  s l i d e  and t h e  performance i n d i -  
c a t e d  is  t o  p o i n t  o u t  t h e  3S°C. c a p a c i t y  data. 

Wow t h i s  i s  t h e  second t i m e  i n  a group of cells that 
ie have seen where a l a r g e  i n c r e a s e  i n  t h e  e l e c t r o l y t e  
shows a s i g n i f i c a n t  i n c r e a s e  i n  t h e  performance of t h e  cel l  
a t  e l e v a t e d  temperature.  

I th ink  i f  you look back through t h e  proceedings of 
l a s t  y e a r ' s  workshop, o r  t h e  previous  year ,  I mention a 
program where w e  had undertaken on a Gulton 20-ampere hour 
c e l l  t o  e v a l u a t e  inc reas ing  t h e  e l e c t r o l y t e  q u a n t i t y  i n  
cells. And t h e  numbers were l i k e  we used, s t andard  nominal 
s p e c i f i e d  a s  a c o n t r o l .  We had a 20 pe rcen t  inc rease  and a 
40 percent  Increase .  And unaer s i m i l a r  test  cond i t ions  a t  
Crane w e  no t i ced  t h a t  a t  t h e  35OC. capac i ty  t e a t ,  t h e  cells 
wi th  t h e  more e l e c t r o l y t e  showed inc reas ing ly  b e t t e r  per-  
formance, p a r t i c u l a r l y  those  with 40 pe rcen t ,  almost t h e  
same a s  these ,  having equal  capac i ty  under 35OC. a s  they d i d  
a t  2 0 ° C .  

Now I s t i l l  have a nameplate r a t i n g .  W e  have reduced 
t h e  p o s i t i v e  loading t o  90 percent  of t h e  s p e c i f i e d  value. 
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But I ' m  s t i l l  g e t t i n g  1 4  o r  15 asrpere hours o u t  of t h e  cell. 
Now I have t h e  cell  on cyc le  r i g h t  now, and I d o n ' t  have 
any l i f e  test  d a t a  on it  a t  t h i s  p o i n t  t o  speak o f .  I w i l l  
have t h a t ,  and hope t o  have it  repor ted  t o  you a t  t h e  nex t  
workshop. 

The o t h e r  set of  cond i t ions  t h a t ' s  most i n t e r e s t i n g  -- 
and again  I p o i n t  t h i s  o u t  -- is t h e  vo l t age  and p r e s s u r e  
c h a r a c t e r i s t i c s .  

Now t o  run a c e l l  wetter than what our  p a s t  exper ience  
has  ind ica ted ,  t h e r e ' s  no q u e s t i o n  i n  my mind t h a t  we've 
g o t  t o  r e t h i n k  our  p r e s e n t  criteria f o r  p ressure  requ i re -  
ments and j u s t  what good cells a r e .  I ' v e  heard people say  
"I have cells opera t ing  wi th  l o w  pressure .  Gee, they look 
good. " 

I ' m  n o t  convinced t h a t  low p r e s s u r e  cells a r e  a l l  t h a t  
good. They can be, i f  you know why they are running low. 
But on t h e  o t h e r  hand I know t h e  Goddard spec,  it has  a 
50 p s i g  maximum pressure .  T o  g e t  wetter cells we're going 
t o  have to  go t o  70 t o  85 ps ig .  

The o t h e r  th ing  you ' r e  n o t  going t o  be a b l e  to  do is 
t o  t ake  t h e  p r e s e n t  technology, meaning the wetter cells, 
and opera te  them t h e  o l d  way with  a lo t  of overcharge. I 
th ink  t h e  evidence is mounting t h a t  you d o n ' t  need t h e  
overcharge. And where cells are running high on e l e c t r o -  
l y t e  o r  where you have p u t  a s i g n i f i c a n t  amount of e l e c t r o -  
l y t e  above t h a t  which you experienced i n  t h e  p a s t ,  you've 
g o t  t o  r e th ink  your philosophy abouthow you charge t h e  
cells. 

I was t a l k i n g  t o  a couple of  people yes terday about 
t h i s .  And one of  t h e  t h i n g s  t h a t  i s  coming more and more 
to  mind is t h a t  even tua l ly  w e  may be f l y i n g  cells t h a t  a r e  
very c l o s e  t o  f looding.  I n  o r d e r  t o  do t h a t  you've g o t  t o  
have a way to  c o n t r o l  overcharge. And we've g o t  t o  be  more 
p r e c i s e  than what w e  a r e  now doing. And I th ink  p r e s s u r e  
t r ansducers  may be coming back i n t o  s t y l e ;  n o t  on every  
cel l ,  b u t  using s e l e c t e d  cells and going wi th  a p r e s s u r e  
t r ansducer  type c o n t r o l .  And I say t h i s  simply because i n  
t h e  experience we've had wi th  t h e s e  cells on test ,  wi th  



t h a t  40 p e r c e n t  i n c r e a s e  i n  e l e c t r o l y t e  t h e s e  cells are ve ry  
n e a r  f looded .  And I ' l l  g i v e  you an example o f  how we know 
t h a t ;  s imply because a number o f  the cel ls  have t h i r d  
e l e c t r o d e s  l o c a t e d  down on* o f  t h e  narrow f a c e s .  A t  O°C. 
d u r i n g  t h e  overcharge  t e s t  a t  Goddard -- well, f i r s t  a t  
Crane,  w e  n o t i c e d  some unusua l  performances on t h o s e  cells, 
i n d i c a t i n g  t h a t  w e  wexe g e t t i n g  s a t u r a t i o n  of t h e  t h i r d  
e l e c t r o d e  from oxygen p r e s s u r e ,  or w e  were g e t t i n g  f lood ing .  

Well, w e  d i d  an  exper iment  h e r e  where w e  had t h e  cells 
f u l l y  charged a t  C/20 a t  z e r o ,  and a f t e r  about  f o r t y  hours  
w e  j u s t  reached down and ic!d them o v e r  on t h e i r  s i d e s .  
The r e s u l t s  were phenomenal. .iSe pres su re ,wh ich  irad s t a b i -  
l i z e d ,  took o f f  aga in .  It took abou t  a p e r i o d  o f  about  s i x  
o r  e i g h t  hours  b e f o r e  t h e  p r e s s u r e  r e s t a b i l i z e d  v e r y  close 
to  where it was i n i t i a l l y .  

When w e  f i r s t  s a w  t h a t ,  it was very  d i f f i c u l t  to ex-  
p l a i n .  But when you t h i n k  about  w h a t ' s  happening to a n e a r  
f looded  ce l l  -- and I d o n ' t  t h i n k  i t  is f looded;  I t h i n k  i f  
you t r i e d  t o  pour e l e c t r o l y t e  o u t  you might  g e t  a few d rops .  
But I b i n k  what r e a l l y  i s  happening is i n  a g r a v i t a t i o n a l  
f i e l d  w i t h  t h i s  type  of c e l l  y o u ' r e  g e t t i n g  t h e  e f f e c t s  of 
t h e  g r a v i t y  p u l l i n g  t h e  e l e c t r o l y t e  toward t h e  bottom and 
s e t t l i n g .  A s  9 0 0 ~  a s  you r o t a t e  it i n  t h e  g r a v i t a t i o n a l  
f i e l d  you w e t  the s u r f a c e  o f  t h e  n a g a t i v e  e l e c t r o d e s  and 
immediately a f f e c t  t h e  recombinat ion r a t e .  

I t h i n k  t h i s  is what c o n t r i b u t e d  to  t h e  p r e s s g r e  
i n c r e a s e .  The i n t e r e s t i n g  t h i n g  is it i n c r e a s e d  f o r  a 
p e r i o d  of  t h r e e  o r  f o u r  hours  and t h e n  it g r a d u a l l y  came 
back down and s t a b i l i z e d  very c l o s e  t o  what it was prlor t o  
d i s t u r b i n g  t h e  e q u i l i b r i u m  of t h e  pack i n  t h e  g r a v i t y  f i e l d .  

The o t h e r  t h i n g  I f i n d  i n t e r e s t i n g  abou t  the cells  is 
t h e  v o l t a g e  c h a r a c t e r i s t i c ,  t h e  overcharge  v o l t a g e  a t  ze ro .  
Th i s  is n o t  the peak, i n c i d e n t a l l y ,  t h i s  i s  t h e  end of  
charge  f o r  s i x t y  hours .  But the peak is s t i l l  below 150. 
And it k ind  of  p u t s  a q u e s t i o n ,  i n  my mind a t  least ,  and i n  
v a l i d a t e s  some of my p rev ious  t h i n k i n g ,  t h a t  i f  you have a 
l o t  o f  e l e c t r o l y t e  i n  t h e  c e l l s  t h e y ' r e  going to run h ighe r  
i n  overcharge  v o l t a g e ,  p a r t i c u l a r l y  a t  low tempera ture .  



I can t e l l  you t h i s ,  t h a t  w e  a r e  p r e s e n t l y  cyc l ing  
t h i s  f i v e - c e l l  pack from t h e  group of c e l l s  t h a t  t h i s  d a t a  
r e p r e s e n t s  a t  OaC. a t  140 -- I ' m  s o r r y ;  a t  148 v o l t s  p e r  
cell.  Again, I would never have thought I could recharge 
a cel l  a t  O°C.fior t h a t  cond i t ion ,  p a r t i c u l a r l y  when you ' r e  
charging a t  t h e  lower rates using C/10 and C/20. But i n d i -  
c a t i o n s  a r e  w e  can go a s  low a s  1.47 and s t i l l  g e t  an 
adequate C-to-D r a t i o  i n  a 24-hour o r b i t  pe r iod .  

I n  summary, whi le  I am n o t  s t and ing  before  you and say- 
ing  I have a l l  t h e  answers on loading,  I ' m  saying w e  have 
demonstrated t h a t  w e  can c u t  back t o  about  90 pe rcen t  on the 
p o s i t i v e .  W e  have y e t  -- I have y e t  t o  see a s a c r i f i c e  t h a t  
I ' v e  to  t ake  i n  c e l l  capaci ty .  

The ques t ion  I l eave  you with is, How much f u r t h e r  
can I c u t  back and s t i l l  maintain probably 2 o r  3 p e r c e n t  
above nameplate capaci ty?  

I th ink  t h e  long term e f f e c t  of t h i s  w i l l  prove o u t  
t h a t  t h e  cells a r e  going to  o p e r a t e  b e t t e r ,  t h e y ' r e  going 
t o  show less d e t e r i o r a t i o n  under t h e  similar regime t h a t  
w e  have t e s t e d .  And I th ink  t h a t  p a r t  of  t h e  problem 
assoc ia ted  wi th  t h e  p o s i t i v e  e l e c t r o d e ,  which may be a t t r i -  
buted t o  e l e c t r o l y t e  r e d i ~ t r i b u t i o n ~ w i l l  f u r t h e r  be minimi- 
zed wi th  these  w e t  c e l l s .  

Thank you. 

A r e  t h e r e  ques t ions?  

GROSS: Floyd, d i d  you no te  any d i f f e r e n c e  i n  p o l a r i -  
z a t i o n  on charge and d i scharge  of t h e s e  c e l l s ?  

FORD: Under a s p e c i f i c  regime, o r  j u s t  i n  genera l?  

GROSS: I presume you've been t e s t i n g  them; is t h a t  
r i g h t ?  

FORD: Yes. 

GROSS: How does t h e  charge and d i scharge  vo l t age  
compare with the conventional  1 2 ' s ?  



FORD: The charge v o l t a g e r  are a l i t t l e b i t  lower, I 
haven ' t  looked a t  the d e t a i l 8  of  t h e  d i scharge  v o l t a g e  to  
t h a t  degree.  I 've looked a t  t h e  charge v o l t a g e r  on t h e r e  
100 p e r c e n t  c y c l e  t e a t s ,  and alro I've looked a t  t h e  charge 
vo l t ages  dur ing  cyc l ing  on a 24-hour o r b i t .  And, ar I 
i n d i c a t e d ,  t h e  f a c t  t h a t  we're down -- t h a t  we're c y c l i n g  
a t  t h e  1.48 l e v e l  and st i l l  g e t t i n g  adequate C-to-D ratio,  
why, I ' m  s u r e ,  based on t h e  d a t a ,  I t h i n k  we could go to  
1.47 v o l t s  p e r  cell and s t i l l  n o t  be  undercharging t h e  
cell  a t  O°C. 

I d o n ' t  know how much lower I can go. But we're going 
to  be explor ing  t h a t ,  

So t h e  answer t o  your ques t ion  is, Yes, p a r t i c u l a r l y  
on charge I t h i n k  they have a l i t t l e  lower charge vo l t age  
than what we've experienced,  comparinq it wi th  a so -ca l l ed  
"standard" cell  made by t h e  normal process.  

KRAUSE: Floyd, we've been running some cells l a t e l y  
t h a t  a r e  n o t  e s p e c i a l l y  opt imized f o r  e l e c t r o l y t e  l e v e l .  
But they do have extremely low carbonates  on purpose. We 
have the manufacturer go through a process  to  reduce t h e  
carbonates.  And t h e  v o l t a g e  l e v e l s  a r e  very s i m i l a r  t o  what 
you ' re  g e t t i n g .  So I ' m  wondering how much you can a t t r i -  
b u t e t h i s  lower charge vo l t age  t o  t h e  a d d i t i o n a l  e l e c t r o l y t e ;  
o r  perhaps you a l s o  have low carbonates  i n  t h e  cell .  

FORD: A r e  you asking m e  did they go through a decarbon- 
a t i o n  s t e p  i n  t h e s e  c e l l s ?  

KRAUSE: Yes. 

FORD: I d o n ' t  b e l i e v e  they d id .  

The answer has  j u s t  been v e r i f i e d ,  t h a t  they d i d  not .  
There were no s p e c i a l  manufacturinq procedures implemented 
t o  keep t h e  carbonate l e v e l  below nominal. --you know, what 
you would expect  i n  o t h e r  cells. 

KRAUSE: A s  I say ,  apparent ly  j u s t  by g e t t i n g  very low 
carbondtes w e  can a l s o  reduce the charge v o l t a g e s  and pres-  
s u r e s .  



FORD: Yes. And I t h i n k  i f  you look a t  the f a c t  o f  t h e  
s i g n i i i c a n t  i n c r e a s e  i n  e l e c t r o l y t e  amount, t!.at i f  you had 
thu same amount of  ca rbona te  you had i n  p rev ious  cells you 
st i l l  would have more e l e c t r o l y t e  a v a i l a b l e  f o r  t h e  r e a c t i o n .  

KRAUSE: Yes, I ag ree .  

FORD: Okay. 

So t h e  end e f f e c t  may be about  t h e  same. 

McHENRY: About s i x  y e a r s  ago I guess ,  w e  had the f i r s t  
b a t t e r y  workshop. And when I was h e r e  it seemed they were 
having t r o u b l e  wi th  t h e i r  b u i l d i n g  p r e s s u r e  i n  t h e i r  cells. 
And what they were doing was us ing  20-ampere hours  cel lshr  
a 3-ampere hour  job. And i n  o r d e r  t o  g e t  i n t o  t h e  package 
the  weight  and t h e  s i z e  and a l l  t h a t  s o r t  o f  s t u f f ,  t o  g e t  
20 ampere hours  i n  it, you have t o  s t u f f  a s  much a s  you can 
i n t o  t h e  e l e c t r o d e .  You have t o  c u t  your negat ive- to-  
p o s i t i v e  r a t i o  way down. And you make a cel l  which c a n ' t  
be overcharged.  I t  b u i l d s  up p r e s s u r e  and t h e  t h i n g  f a i l s .  

You only  wanted t h r e e  ampere hours .  Why we c o u l d n ' t  
have made a 10-ampere hour c e l l  i n  t h e  same s ize - -  j u s t  
d o n ' t  l o a d  t h e  p l a t e s  s o  h e a v i l y .  A h e a v i l y  loaded nega- 
t i v e  w i l l  f l ood  qu icke r .  The pores  a r e  smaller. Then i f  
you have t r o u b l e s  w i t h  your  nylon s e p a r a t o r  -- of  cour se  
you d o n ' t  use t h a t  m y  more anyway, b u t  i t  w i l l  degrade and 
uses  up some of your oxygen. Th i s  unbalances t h e  s t a t e  o f  
charge. You f i n d  t h a t  your  p o s i t i v e  now is -- t h e  nega t ive  
is used up on charge b e f o r e  t h e  p o s i t i v e .  I f  you had on ly  
made a nega t ive  t h a t  was twice a s  b i g  a s  t h e  p o s i t i v e  i n  
c a p a c i t y  you could make e r r o r s  o f  having a l i t t l e  degrada- 
t i o n ,  your s e p a r a t o r  l o s i n g  1 5  o r  20 p e r c e n t  of  t h e  nega- 
t i v e ,  and you'd s t i l l  be a l l  r i g h t .  

But what we've t r i g - 4  t o  do is  s t u f f  energy d e n s i t y  
i n t o  t h e  can,  and a t  t h e  expense of  l i f e .  Well l i f e  is 
what you need, n o t  energy d e n s i t y .  

I f  you ' r e  going to  use  a 20-ampere hour cell  you 
could  have had a 10-ampere hour cel l .  You only  wanted 
three. You only  use  t h e s e  t h i n g s  down t o  1 5  o r  20 p e r c e n t  



of  t h e i r  c a p a c i t y .  Why n o t  60 p e r c e n t  o f  the c a p a c i t y  and 
make mosaething t h a t  works? 

The basic phi losophy of  the b a t t e r y  company -- and 
this is because o f  t h e  marke twhich  demands h igh  energy 
dens i ty-  We are n o t  a market ,  w e  d o n ' t  spend t h a t  much * ,  
money. The toy  manufacturers  and t h e  electric shave r  people 
a r e  the ones  who make the money on it. You c a n ' t  expec t  t h e  
b a t t e r y  company t o  go i n t o  b u s i n e s s  t o  l o s e  money j u s t  f o r  . 

us. T h e i r  b a s i c  phi losophy is to s t u f f  as much i n  as t hey  
can. And t h a t ' s  what they  can  eell. 

But w e  must say ,  "Look, w e  d o n ' t  want it. What w e  
want is a long l i f e  cell. We a r e  w i l l i n g  t o  t a k e  less 
energy d e n s i t y .  J u s t  d o n ' t  impregnate it f i f t e e n  t imes ,"  
o r  whatever it is. I guess  e i g h t  t imes ,  o r  something. S i x  
o r  f i v e  times. W e  w i l l  now have a 12-ampere hour i n s t e a d  of 
a 20, and it w i l l  las t .  

We j u s t  keep doing t h e  same dumb t h i n g ,  i n s i s t i n g  on 
t h a t  very h igh  energy d e n s i t y .  T e l l  them you d o n ' t  want 
it. "What I want is l i f e . "  And t hen  see what he can do. 

I know we could  do an awful l o t  b e t t e r  w i th  t h e s e  
lower c a p a c i t i e s  than  w e  can w i t h  high c a p a c i t i e s .  I f  you 
j u s t  look a t  t h e  e l e c t r o d e  you can see l i t t l e  c r y s t a l s ,  you 
can see pores  and eve ry th ing  else. And you look a t  t h e  
scanning e l e c t r o n  microscope p i c t u r e s  and there's a world of  
d i f f e r e n c e  ',otween them. 

You must g ive  up t h i s  energy d e n s i t y  i f  y o u ' r e  going 
t o  g e t  r e l i a b i l i t y .  You d o n ' t  have t o  g i v e  up an awful l o t  
b u t  you 've g o t  t o  g i v e  up some. You c a n ' t  p l ay  on t h e  
b o r d e r l i n e .  

T h a t ' s  it. 

FORD: Thank you. 

I mentioned earlier t h a t  I d i d  n o t  f i n d  f a u l t  w i t h  
t h e  manufacturers .  I would l i k e  t o  say t h e  on ly  i a u l t  I 
f i n d  wi th  them i n  t h i s  a r e a  is simply t h a t  t hey  y i e l d e d  to  
t h e  p r e s s u r e  of  t h e  use r  t o  do this. 



MATERIALS AKD CELL COMPOtlENTS: CHAIRMAN G. HALPERT 

HALPERT: We'll go into our nexc session now on 
Materials and Call Components. And I might mention that 
we were very fortunate here at Goddard this past summer to 
have had two faculty fellows from local univerrities work- 
ing with us on two distinct problems, both of whom you will 
hear from this morning, 

The first you'll hear from right now, Dr, Pat. McDermott 
of Coppin State College in Baltimore. He was a Morgan 
State College fellow here this summer. 

VI.1 POSITIVE PLATES EVALUATION AFTER HIGH DOD AND LOW 
TEVPERATURE : P . McDE;RMOTT/COPPIN STATE 

McDEPMOTT: Okay. We're looking at a series of syn- 
chronous orbit tests conducted on G-amp hour G.E. cells at 
Crane. And it was demonstrated that the principal failure 
mechanism of the cell subjected to low temperature at high 
rates of discharge seemed to be the positive plates, The 
physical inspection of the failed plates showed a 
deterioration of the sintered nickel, the active material, 

(Slide 128.) 

There's a loosening, a crumbling of the active 
material, an actual flaking and peeling away of the sub- 
strate. And although all t f  the test cells seemed to show 
some form of deterioration, the most extreme cases seemed 
to be the ones at O ° C . ,  60 and 80 percent depth of dis- 
charge. 

Most of the deterioration occurred around the edges, 
and particularly along the top edge near the tab, and along 
the uncoined edges. 

(Slide 129.) 

We lfaoked at cells under different test regimes. I 
might show s i x  of these cells. 



Packs 1 t o  4 had a pe rcen t  depth of  d i rcharge  of 40 
percent .  The temperature ranged from 40 down t o  -20. Two 
cells t h a t  w e  were p a r t i c u l a r l y  i n t e r e s t e d ,  a t  t h e  bottom 
of  5 and 6,  were O°C. and60 and 80 pe rcen t  depth  of d i r -  
charge. The charging r a t e  was C/30 c o n s t a n t  c u r r a n t  excep t  
f o r  t h e  lw temperature there, a s l i g h t l y  h igher  charge 
r a t e ,  and then #witched down to  C/30 by t h e  coulometer. 

The c a p a c i t i e s  of t h e  cell- This  is d i scharqe  time to 
. 5  v o l t s .  --showed t h a t  t h e  Synch 1 and Synch 6 t h e r e  a t  the 
bottom -- Synch 1 is the 40°,  40 percen t  dephth of  d ischarge .  
I t  shows very l o w  capac i ty .  

Synch 6 -- now t h i s  is t h e  pack where a cell a c t u a l l y  
f a i l e d  the re  a t  the e leven th  e c l i p e e  seaeon. This  was the 
O0 80 percen t  depth of d ischarge .  

Synch 5- Well, Synch 4 was -2CP, 40 percen t  depth of 
discharge .  This  did n o t  perform very w e l l .  

And Synch 5,  0°, 60 percen t ,  d i d  f a i r l y  well. 

The two a t  t h e  top ,  Syrich 2 and Synch 3, w x e  40 per- 
c e n t  depth of d ischarge .  Synch 2 was 2S0, and Synch 3 was 
oO. 

So i f  w e  would g e n e r a l i z e  somewhat from these  r e s u l t s  
we'd see t h a t  -20° and 40 seemed to perform poor ly ,  and 
t h a t  i n  looking a t  the cells a t  0 ° ,  t h i s  is Synch 3 and 
Synch 5 and Synch 6 ,  they seemed to perform better a t  t h e  
lower depths of d ischarge;  t h a t  is, 40 percen t  performs t h e  
b e s t ,  and then 50 and then 80; which would s t and  to  reason. 

( S l i d e  131.) 

Then w e  looked a t  some 12-ampere ho'rr cells. These 
were a l s o  under synchronous o r b i t ,  a 140-day d a y l i g h t  
per iod  wi th  42 days of e c l i p s e ,  running from t h e  1st t o  
t h e  18th day far 1 2  minutes di6c1,azge up LC 72 minutes,  
and a capac i ty  check i n  t h e  middle o f  t h e  dark  per iod .  
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There was a pla teau f o r  about e i g h t  days where there  
was a 72-minute discharge,  and then a capacity check was 
run i n  the middle of t ha t .  

The 12-ampere hour cells were a l s o  under a synchronous 
o r b i t  regime. We found t h a t  the  -- w e  looked a t  two cells  
where the  f i l l  tubes had broken. These cells were not  
ready t o  be taken of f  yet .  The two c e l l s  d id  f a i l  mechani- 
ca l ly :  there  was no i n t e r n a l  f a i l u r e  bu t  j u s t  a mechanical 
breakage of the  f i l l  tube. So they were taken o f f .  

And we looked a t  these  t h i s  summer a l so .  

This 12-ampere hour c e l l  a t  20°, 80 percent  depth of 
discharge,  showed some de t e r io ra t ion  of t he  pos i t i ve  p l a t e s ,  
not  qu i t e  a s  bad a s  the  80 percent  depth of the  6-ampere 
hour c e l l .  

(S l ide  132.) 

You can see t h e r e ' s  q u i t e  a b i t  of crumbling and 
de t e r io ra t ion  here ,  whereas on the 12-ampere-hour , 80 per- 

cen t ,  not  so much. 

(Sl ide  133.)  

We a l s o  looked a t  a O°C. 60 percent  depth of discharge 
12-amp c e l l .  And the p l a t e s  looked q u i t e  good r e l a t i v e  t o  
o ther  p l a t e s  t h a t  we had seen. 

So t ry ing  t o  assess  what was going on here  I t r i e d  to  
look f o r  some explanation of t he  d i f fe rences  between e i t h e r  
the  charge/discharge regimes o r  the  various parameters of 
the  c e l l .  And it looked a s  i f  there  was one primary d i f -  
ferencebetween t h e  two t e s t s ,  t he  6-ampere hour and the  
12-ampere hour. And one was t h e  charging rate. I mentioned 
previously t h a t  the  6-ampere hour c e l l s  were charged a t  
C/30 constant  cu r r en t  whereas the 1 2 ' s  were charged a t  a 
higher r a t e  during the e a r l y  s tages  of charging. But then 
they were stepped down t o  C/60 t r i c k l e  charge when they 
s t a r t e d  reaching f u l l  charge. 

I a l s o  noted a d i f fe rence  between the  60 percent  depth 





p l a t e ,  which looked p r e t t y  good -- and t h i s  is i n  t h e  
12-amperc hour cell  -- and t h e  80 percent ,  and found t h e r e  
again  t h a t  t h e  charge r a t e  f o r  t h e  60 pe rcen t  depth  was much 
lower than the 80 pe rcen t  depth. s o  it seems t h a t  t h e  charg- 
i n g  mode, and p a r t i c u l a r l y  t h e  overcharge, could be  a f a c t o r  
i n  t h e  d e t e r i o r a t i o n  of  t h e  p o s i t i v e  p l a t e .  

I n  looking through t h e  l i t e r a t u r e  t o  f i n d  i f  there 
were some t h e o r e t i c a l  exp lana t ion  f o r  t h i s  I found r e f e r -  
ences t o  t h e  f a c t  t h a t  overcharge tends  t o  shor ten  cel l  
l i f e  cons iderably ,but  n o t  t o o  much informat ion  on why t h i s  
was. So I ' d  l i k e  to hazard a t  l e a s t  a couple of guesses  a s  
t o  why t h i s  might b e  happening. 

I o f f e r  t h i s  t o  s t i m u l a t e  r e b u t t a l ,  s o  t h a t  I might be 
a b l e  t o  f i n d  what t h e  r e a l  mechanism is and f i n i s h  t h i s  
r e p o r t .  

No. 1 on my l is t  was t h e  p o s s i b l e  c u l p r i t s  would be 
gassing.  This  would be  r e l a t e d  d i r e c t l y  t o  t h e  r a t e  of 
charge and t h e  overcharge. And j u s t  examining some of these  
p l a t e s  and looking a t  t h e  b l i s t e r i n g  and tile pimples t h a t  
occur along t h e  coin ing,  and so f o r t h ,  it  looks a s  i f  -- 
j u s t  phys ica l  inspec t ion  -- it looks a s  i f  t h e  gas  !'I t he  
a c t i v e  m a t e r i a l  i s  a c t u a l l y  d i s t o r t i n g  t h e  s u b s t r a t e .  
Theore t i ca l ly  t h e  s i n t e r e d  n i c k e l ,  t h e  p o r o s i t y  should be 
s u f f i c i e n t  t o  al low t h e  gas  t o  escape. But i t ' s  p o s s l b l e  
t h a t  due t o  r e c r y s t a l i z a t i o n  of the  a c t i v e  m a t e r i a l ,  o r  f o r  
some reason,  t h a t  t h i s  gas  might be t rapped and t h a t  t h e r e  
might be d i f f i c u l t y  i n  g e t t i n g  t h e  gas  through t h e  p l a t e .  

I was t a l k i n g  t o  D r .  Gross l a s t  n i g h t .  H e  mentioned 
t h a t  he had done some t h e o r e t i c a l  s t u d i e s  which i n d i c a t e  
t h a t  t h e  problem would be accentuated  p a r t i c u l a r l y  a s  t h e  
gass ing  took o f f ;  t h a t  is ,  when you have a bend i n  t h e  gas- 
s i n g  curve,  t h a t  t h e  h i g h e s t  s t r e s s  would occur a t  t h a t  
poin t .  

Other poss ib le  n~echanisms which might be respons ib le  
f o r  t h e  rupture  of t h e  c r o s s  l inkages  o r  the  t e a r i n g  of 
t h e  s i n t e r  away from the p l a t e ,  might be t h e  expansion and 



' .:iijration of e l e c t r o l ~ i t c  i n  ;i::.I cut c7f t i ~ t  i)Lb:,i t i r . t .  

. *  - electrode which vroul-3 cause s\!t?lli;i7 anr! ?c!,s .. :. it. 4et;t.r ' c j :  <. - 
t i o n  or  the c o r r c s i o n  of tile nii:::c.l s i n t e r  i t : rclf .  ;- 

t h e s e  are j u s t  p o s s l i ~ l e  !?cans. I ': 1 lo~!.in<! Y(:r o t k r  1 CIS : :  i- 
51e mechar.isns t o  ex i~ la in  t!;~.::. 

r81v .;e 0x1;. ~! i  f z,:re:lce Sc! tc;ccr, Cli. t;.:: J : : ' ';e c:,ar*;in: 

i i . .  C n e  is 01: ccx,s tan t cilrrcw t c ; ' ~ : l x  ;i: . i t  ;:/3:? CL-..; 

t!:e c;t:lc.r is cc;~stc?fi:: current w i t h  a ;xessur:: tri-1, so :$':~i; 

the  c r e s s u r e  rises f i v e  pounds ?er square  i n c h  it w i l l  trij; 

Gown to C/OO. So w e ' l l  be looking  a t  these ce l l s  for  a 
couple  of months and then  t e a r  t h e  c ~ l i s  apart and look a t  
t h e  p o s i t i v e  p l a t e  d e t e r i o r a t i o n .  

1 a l s o  c o n s t r u c t e d  ano the r  test cc l l  which i s  now i n  
test. ';Jc h a v e n ' t  r e a l l y  ana lyzed  tilt data  yet, but it is 
a ce l l  c o n s t r u c t e d  by a t t a c 5 i n g  an external lead t o  every  
p o s i t i v e  and n e g a t i v e  ? l a t e ,  and we can c o n t i n u a l l y  monitor 
t h e  v o l t a g e  a c r o s s  each  p o s i t i v c - n e g a t i v e  p l a t e  system o r  
coup le ,  and a l s o  measure impedence and so forth. 

And t h e  i d e a  i s  t o  t r y  t o  look a t  t h e  innerdynamics o f  
t h e  cc l l  du r iny  cha rge  and d i s c h a r g e ,  look  a t  p l a t e  capa- 
c i t y  i n s o f a r  a s  t h i s  is  p o s s i b l e ,  and t h e n  t e a r  t h e  ce l l  
down a t  t h e  end and see if t h e  p l a t e  c a p a c i t y  of t h e  c e l l  
o p e r a t i n g  a s  -- a s  an o p e r a t i n g  ce l l  l ooks  any d i f f e r e n t  
from t h e  p l a t e  c a p a c i t i e s  of  the  p l a t e s  o u t s i d e  because 
g e n e r a l l y  w e  look a t  p l a t e  c a p a c i t y  a f t e r  the  c e l l  i s  t o r n  

ORIGINAL PAGE IS 
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down. 

We've g o t t e n  some i n t e r e s t i n g  r e s u l t s  shown i n  some 
p l a t e s  f a l l i n g  o f f ,  t h e  c a p a c i t y  f a l l i n q  o f f  q u i t e  r a p i d l y  
d u r i n g  d i s c h a r g e .  And it would be i n t e r e s t i n g  t o  see what 
ha, pens when w e  tear it apart. 

I n  summary I would s a y  t h e  examinat ion o f  the 12- and 
t h e  5-ampere-!lour ce l l s  showed s e v e r e  d e t e r i o r a t i o n  o f  t h e  
p o s i t i v e  p l a t e s ,  p a r t i c u l a r l y  t h o s e  cyc l ed  a t  80 p e r c e n t  
d q t h ,  an3  I t h i n k  t h e r e  mic~ht  be s e v e r a l  ways o f  a t t a c k i n g  
thq problem. 

One would be to  look a t  the cha rg inq  mode and t r y  t o  
l i m i t  overcharg ing  as much a s  p o s s i b l e ,  maybe c o n s i d e r  
lower inq  t h e  d e p t h  of  d i s c h a r g e  i n  the o p e r a t i n g  system, 
and lookin?  a l s o  a t  o t h c r  f a c t o r s  which Floyd mentioned and 
which w e ' l l  h e  looking  a t ;  t h a t  i s ,  p l a t e  l o a d i n g ,  amount 
o f  e l e c t r o l y t e ,  and t h e  c o n t a n i n a t i o n ,  t h e  c a r b o n a t e  con- 
t amina t ion .  

So t h a t ' s  p r e t t y  nuch a summary of  the work we d i d  t h i s  
s urunre r . 

iIALPERT: A r e  t!lcre any q u e s t i o n s  f o r  Pa t?  

SCOT? 1 3  it n o t  t r u e  t h a t  the g l a t c  t h a t  you showccl 
u s  w i t h  t h e  b l i s t e r i n g  was from o n l y  one of t h e  cel ls  on 
that 99 p e r c e n t  dep th  of d i s c h a r g e  O 0  tes t  a t  Crane? 

!?C L)I:RlfOTT: Yes. 

SCOTT: Is i t  also n o t  t r w  t h a t  there w a s  o n l y  o n e  o r  
two : ? l a t e s  i n  t h a t  cell t!mt showed: t h a t  c o n d i t i o n ?  

I ? :  In the cells? 



pach c e l l ,  h u t  t.?c ?lac1 ;3?lotofjrnphs of v a r i o u s  cells  , 
n l a t e s  o u t  oE c e l l s  o f  eac!? t e n t  qroup.  

thcy d c t c r i o r a t  i o n .  

PORL: Y e s ,  t h e r e  was sone d e t e r i o r a t i o n .  

SCOTT: Well, h a v e  n o t  o n l y  two cel ls  o f  t h e  o r i g i n a l  
f i v e  cel ls  on t!mt O 0  3!3 ~ j c r c e n t  d e p t h  of d i s c h a r g e  test  
been t o r n  down t o  ckt.e? Or is t h e r e  nore--  

W R D :  T h a t ' s  t h e  12 a r~pe re -hou r  ce l l s .  O f  t h e  1 2  
m;)cre-hour  cc l l s  t h e r e  have been  o n l y  two cel ls  p u l l e d  and  
t h o s e  c e l l s  f a i l e d  f o r  m c h a n i c a l  r e a s o n s ,  n o t  wha t  we 
a t t r i b u t e  t o  a normal f a i l u r e  nolle. 

'Jov i f  your  q u e s t i o n  is  w h e t h e r  t h a t  was i n d i c a t i v e  of 
o n e  o r  t w o  1)late.s o u t  of a c e l l ,  t he  answer  i s  T: d o n ' t  know. 
I woald !lave t o  y o  back m d  c h e c k .  I d o n ' t  t3in!: t h c y  would 
i s o l a t e  a :)late alrd s a y  t h i s  i s  t y i 3 i c a l .  

You ' re  t a l k i n g  a b o u t  t h e  G I s ?  

SCOTT: R i g h t .  T h a t ' s  where t h a t  p a r t i c u l a r  b l i s t e r e d  
p l a t e  c a n e  froin, wzs it n o t ?  

YC UX?!1OTT: The 12 which I t o r e  a p a r t .  A l l  t h e  p o s i -  
t i v e  p l a t e s  showed some d e t e r i o r a t i o n ,  some more t h a n  
o t h e r s ,  b u t  t h a t  was t h e  scconcl s l i d e  of t h e  p l a t e s  t h a t  I 
showed. 

€ O W :  But  n o t  t o  t h e  e x t e n t  t h a t  you showed it w i t h  
t h e  6 .  The 6 were shown-- I t  was t h e  w o r s t  c a s e  t h a t  was 
pho tographed  o u t  of  t h e  g r o u p  o f  G I s ,  b u t  t h e r e  were s i x  
ce l l s  opened,  one  o u t  o f  e a c h  test c o n d i t i o n  t h a t  h e  t a l k e d  
a b o u t ,  a n d  t h e  d e g r e e  o f  p o s i t i v e  p l a t e  d e t e r i o r a t i o n  
v a r i e d  f rom whichever  c e l l  o r  w h i c h e v e r  test g r o u p  t h e  
ce l l  came from. 



COHN: Cohn, NASA. 

I t h i n k  y o u ' r e  on t h e  r i g h t  t r a c k  when y o u ' r e  s a y i n g  
t h a t  t h e r e  a r e  probab1y.a  number o f  r ea sons  a s  to why you 
have observed what you have observed .  I t h i n k  it w i l l  be 
very  dangerous t o  conclude t h a t  t h e  deeper  t h e  d e p t h  o f  
d i s c h a r g e ,  t h e  worse t h e  wear on t h e  p l a t e s  i s ,  which i s  I 
t h i n k  what !d i l l a rd  S c o t t  was t r y i n g  t o  t e l l  you, t oo .  

Things a r e  n o t  s imp le ;  t h i n g s  are very  compl i ca t ed ,  
and a s  you c l~anye  t h e  s t r u c t u r e  and a s  you change t h e  o p e r a t -  
i n g  o f  your  cel ls  and o f  your  b a t t e r i e s  you w i l l  undoubtecily 
f i n d  t h a t  the:! hehave d i f f e r e n t l y  . 

There h a s  been a lo t  s a i d  abou t  t h a t  a l r e a d y .  I t  is 
n o t  very  s i i ~ p l c .  

Off t h e  r e c o r d .  

( D i s c ~ ~ a s i o n  o f f  t h e  r eco rd .  ) 

On t h e  r e c o r d .  

' C  1 ' :  You're sayinc: t h a t  c?ept?l o c  f!isc!lnrc~? 
r e a l l y  has  Little t o  c?o w i t h  p l a t e  d e t c r i o r a t i  o n .  

COIIN; '!':at I'm say inq  is t h i s :  I f  you w i l l  look i n  tho 
1 3 6 3  NASA ?eac:.quarters Workshop on B a t t e r i e s  you  ill 
f i n d  one o ' t h .  w n  q u e s t i o n i n g  t h e  r e l a t i o n s h i p  hctwcen 
life and c ! c ; j t ! l  of Cischa rge .  T!lerc was no answer t h e n  ;tnti 
t h e r e  is msl;er now. 

The  i ! . J i cd t ions  a r e  t h a t  l i f e  does n o t  s u f f e r  from 
dep th  o f  di..j~';iir;c i f  t h e  b a t t e r y  o r  t h e  c e l l  i s  h i l t  
r i g h t  and i :  i t  i s  used r i g h t .  

For c : ~ :  !:-lS.r, i n  charc~incj,  i t  has been o c l l  c s t a h l  i shcr! 
t h a t  i f  yct.. ~!-.~tr!;e a t  abou t  t h e  two c.  t o  four  c .  r a t e  u p  
t o  t h e  point  a t  which you c;et t h e  f i r s t  i n d i c a t i c n  of 
p r e s s u r e  n v o l u t i o n ,  you g e t  n nuc!~  more e f f i c i e n t  charae 
even thouqI: it's a E a s t e r  c h a r g e ,  wh ich  neans you c i c n ' t  171-~ t - i :  

t!le tenner2 tllre probler?. I t  's a n  cntiothcrr.la1 :!roccss so 
you d o n ' t  -let an:1 r ise  i n  t c fmpcra ture ,  you don ' t :;et an!: 
q a s s i n 7 .  . i l i :  i,C : f 0~1  z a n a ~ e  t o  tio :mur c 7 h c ~ r q i n q  p r o : w r l V ~ ,  
i f  you cut (Iovr. on yam plate  l o c ~ f 7 . i n y ,  i f  .?ou i n c r c a ~ e  or. 



I f  you look  a t  the  r eco rd  of Skylah  where the ptnbici!; 
was i n s u f f l c i e c t  del)ti:  of d i scha r f j e  ra t !?cr  thzr. too c'cc;:) 
d e ~ ~ t i i  of d i sd la rge  because  of v a r l o u s  r casa rs ,  you \!ill uil- 

u o u l t e d l y  T i n C  t i m t  you're Letter o f f  witA a deeper (.:is- 
charge 1.y jjropc?rll~ ~ ' i i nac~sng  the i;al;tc:ry . 

D i d n ' t  ttie gen t leman  from \ : r l qh t -Pa t t e r son  g i v e  n 
report  o r  (_rive a paper  on the eFEccts of c u r r c n t  c'ensity 
on t h e  c e l i  d c c ~ r a d a t i o n ,  lonkinq ,tt t!e-- 

PICXETT: Fliller d i d  g i v e  a p a p c r ,  a s  you s u g g e s t ,  w i t n  
t h a t  i n fo rma t ion  i n  i t ,  and I Gon' t  know the d e t a i l s  o f  i t  
s o  I c a n ' t  cominont any further, b u t  there was one given.  

COHX: I d o n ' t  doubt  f o r  a minute  t h a t  he  had such  d a t a ,  
and t h a t  the d a t a  were proper .  What I v:ould l i k e  to  ask is 
whose ce l l s ,  I-low were tiley b u i l t ,  and how were t h e y  o p e r a t e d ,  
i n  d e t a i l ;  n o t  o n l y  d e p t h  of d i s c h a r g e ,  not o n l y  r a t e  of 
d i s c h a r g e ,  h u t  a l s o  anount  of r e c h a r g e ,  r a t e  of r e c h a r y e ,  
amount of ove rcha rge ,  t h e  v a r i o u s  c o n t r o l s  on t h i s  for 
t e n p e r a t u r c ,  p r e s s u r e  and s o  on.  

There  i s  no simple answer ,  and t h e r e  i s  no s imp le  d a t u n  
t h a t  w i l l  g i v e  u s  a s o l u t i o n  to o u r  problems.  

What I ' m  s a y i n g  is  I'm s u r e  t h a t  when you do those 
r i g h t  you have t o  know all t h e  c i r c u m s t a n c e s ,  i n c l u d i n g  what 



what t h e  manufac turer  d i d ,  and what t h e  people  i n  t h e  l a b  
d i d ,  i n  o r d e r  t o  a p p r e c i a t e  what r e a l l y  happens.  

MC DERMOTT: Could I comment b r i e f l y ?  I s t i l l  t h i n k  
y o u ' r e  s ay ing  t h a t  going from 60 t o  80 does  e x a c e r b a t e  
problems i n  o t h e r  a r e a s .  I n  o t h e r  words y o u ' r e  s a y i n g  con- 
t r o l  t h e  ce l l  p e r f e c t l y  and you won't  have any problems,  b u t  
if you do have v a r i a n c e  i n  t empera tu re  and so f o r t h ,  t h a t  
t h e  , l e a t h  o f  d i s c h a r g e  cou ld  e x a c e r b a t e  t h a t  problem. 

IIAINES: I wish D r .  Cohn would change h i s  mind about  
o f f - the - r eco rd  remarks. I d o  hope y o u ' r e  n o t  s u g g e s t i n g  
t h a t  we burp  t h e s e  t h i n g s .  

On o t h e r  cornmer~k b e f o r e  I come t o  my q u e s t i o n :  

I t  s o u n h  a s  though wr'rc having a s e s s i o n  back home 
w i t h  D r .  McIienry's remarks ahout  e x c e s s  nega t ive ,  i n c r e a s i n q  
t h e  amount of  e x c e s s  n e g a t i v e ,  which was e x a c t l y  what Floyd 
Ford was do ing  when he c u t  hack on  is p o s i t i v e  m a t e r i a l .  
n u t  I want: t o  as!< you a q u e s t i o n :  

!!am you  ,lone any of t h i s  e v a l u a t i o n  on tlle vented  
n i -cad  b a t t : . ~ r l ~ ,  ! )a r t icu lc?r ly  a t  low r a t e  p r e t e s t e d  4is- 
c!nrga and t h e n  h igh  r echa rge  c h a r a c t e r i s t i c s ?  T h i s  i s  a 
f i e l d  where the a i r c r a f t  i n d u s t r y  is  v i t a l l y  i n t e r e s t e d ,  
and i f  you ' r e  g e t t i n ?  t h i s  s o r t  o f  d e q r a d a t i o n  w i t h  t h e  low 
charqc rstcs and what I would c a l l  very hiqtr l oad  tempera- 
t u r e s ,  we're i n  r e a l  t r o u b l e  i n  t h e  a i r c r a f t  i n d u a t r y .  

.'1C !XR!IOTT: I 'vc done no work on vented  c e l l s .  

:lAI!lCS: I would like to know *~~llc?t?rcr t h i s  i a  something 
t h a t  is  p e c u ~ ~ a r  t o  t h o  s c a l e d  c e l l  i n  s t a r v e d  e l e c t r o l y t e  
c o n d i t i o n  o r  whether it is something which is  p r e v a l e n t  i n  
a l l  v a r i e t i e s  of ni-cad b a t t e r i e s .  

In n: ?::?.-riencc. t h e  ; ) I  oblcn i s  mrsc  i n  -'Ion*lcd con- 
? i  t ions t l ~ - , l  i t i s  i n  s t a rvc i l  conrl i t  i o n s  s o  that nay be  
some answer t o  t h e  p rev ious  q u e s t i o n .  



:fc saw t h a t  !:in2 of  cornparison i n  t h e  s t u d y  \re r.~ade o f  
c o i n i n g  v e r s u s  no c o i n i n g  l a s t  y e a r ,  i n  which \:c looked at 
v a r i o u s  ways of accelerating t h i s  k i n u  o f  d e t e r i o r a t i o n  of  
t l x  pcsiti.vr! ~ l a t o s  and w e  saw t h e  w o r s t ,  t h e  most rapid 
det cr i o r a  t i o n  under f looded  c o n d i t i o n s .  

I would l i i x  to  nake a n o t h e r  c o m o n t  o r  r a i s e  a n o t h e r  
q u e s t i o n .  

I s t i l l  I x l i c v e  t h a t  t ! ~  s p e c i f i c  form o f  blistering 
t h a t  y o u ' r e  s e c i n g  i n  tire c e l l s ,  p a r t i c u l a r l y  t h e  onc t h a t  
you showed t h e  photograph o f ,  i s  n o t  g e n e r i c  t o  t h i s  p a r t i -  
c u l a r  o p e r a t i n g  mode. I b e l i e v e  t h a t  is more a f u n c t i o n  o f  
a ? a r t i c u l a r  problem p o s s i b l y  i n  p l a t e  n a n ~ f a c t u r i n ~ .  Tha t  
should  n o t  be cons ide red  as i n h e r e n t  i n  o p e r a t i n g  a t  deep 
dc;)th of d i s c h a r g e  a t  l o w  te inpara tures .  

I say  t h a t  f o r  v a r i o u s  r e a s o n s ,  one of  which is t h a t  we 
have conducted tests i n  which w e  have o p e r a t e d  t h e  cclls a t  
a c o n s t a n t  80 p e r c e n t  dep th  of cliscllarge f o r  eve ry  c y c l e ,  
one c y c l e  a day, and w e  have run  them up t o  600 c y c l e s  i n  
t h i s  way. And under t h o s e  c o n d i t i o n s ,  wit-h abou t  C/10 cha rge  
rate w i t h  sortie c o n t r o l  o f  ovcrcharcje,  we saw no b l i s t e r i n g  
tdiatouever of t h e  p l a t e s .  And t h e s e  were G.E. p l a t e s  made 
by a t  least a s i m i l a r  :)recess conparec? t o  t h e  ones  t h a t  wore 
i x :  t h o s e  tests.  

So w e  d i d  sec a weakening o f  t h e  p o s i t i v e  p l a t e s .  We 
d i d  see some crumbling o f  t h e  edges ,  b u t  no b l i s t e r i n g  what- 
soeve r .  So I t h i n k  t h a t  what you showed t h e r e  w a s  p robably  
i n  t h a t  ce l l  a t  day one ,  because  sometimes you can  open new 
c e l l s  and see b l i s t e r e d  p l a t e s .  

!,IC IIETJRY: Too bad Dean Maurer i s  n o t  h e r e  because Ile 
has much more of t h i s  d a t a  i n  ;>,is head, h u t  w e  had run  
e l e c t r o c h e m i c a l l y  impregnated c o b a l t - c o n t a i n i n g  e l e c t r o d e s  
w i t h  v a r i o u s  amounts o f  coha1.t i n  them. Ole r a n  them a t  
t h e  10 C r a t e ,  n o t  C/13. They g o t  something l i k e  2,000 to  
3 ,000 c y c l e s  a t  t h a t  r a t e ,  a hundred p e r c e n t  d i s c h a r g e  w i t h  
a hundred p e r c e n t  overcharge .  

You d i s c h a r g e  them down to  h a l f  a v o l t  and t h e n  you run  
them a hundred p e r c e n t  ove rcha rge ,  and t h e n  you d i s c h a r g e  
them down. The whole c y c l e  t a k e s  something l i k e  1 2 to  l5 
minutes  and t 5 e y  j u s t  go on and on and on ,  and t h e y  .Ion1t 



b l i s t e r .  

And I ' v e  s e e n  o t h e r  e l e c t r o d e s  b l i s t e r  b u t  I t h i n k  o n e  
o f  t h e  problems is some of t h e  i m p r e g n a t i o n  methods  c o r r o d e  
p a r t  o f  t h e  s i n t e r  and  make it weaker .  And t h e n  i f  you 
l o o k  a t  t h e  p h o t o g r a p h s  y o u ' l l  see t h e r e  a r e n ' t  any  p o r e s  
i n  them. I d o n ' t  know how t h e  g a s  would g e t  o u t .  

An e l e c t r o c h e m i c a l l y  impregna ted  e l e c t r o d e  l o o k s  e s s e n -  
t i a l l y  l i k e  a covered-over  p i e c e  o f  s i n t c r .  I t  l o o k s  l i k e  
t h e  s i n t e r  e x c e p t  i t  h a s  c r y s t a l s  a l l  o v e r  it. You c a n  
a c t u a l l y  see down i n t o  t h e  p o r e s ,  b u t  some o f  t h e  o t h e r  
e l e c t r o d e s  I ' v e  s e e n ,  vacuum-impregnated,  t h e  material is  
n o t  s p r e a d  o v e r  t h e  s i n t e r .  I t ' s  j u s t  u l a s t e r e d  i n t o  t h e  
p o r e s  and it l o o k s  l i k e  wha t  someone d i d ,  j u s t  p l a s t e r  
someth ing  i n  t h e r e ,  and i t  is  no wonder t h e y  f a l l  a ?a r t .  
And t h e y  d o .  

And I think it i s  much ttorsc i n  f l o o d e d  c o n d i t i o n .  
T h e r e  is n o t h i n g  t o  s u p p o r t  t h e n .  I've had them at C / l q  
f a l l  a p a r t  on  m e .  I was c y c l i n c ~  s o m  just t o  c h n r a c t c r j r , >  
t h e  t h i n g  and t h e y  all f e l l  a p a r t .  

I ; :  T ! l i c r f a l d e r ,  P m c r a l  : : l c c t x i c .  

T h e r e  were some cells o n  test f o r  more t h a ~  t e n  years 
o u t  a t  Crane  aid I was iiondc?riny if -!ny of those ir.ir: ;.I:c,I, 

opened up and lookcd aL, or i f  t h c y  a rc  r , lnnnclk :  io ; , ( . a .  
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?Oi:D: Ycs, and tho f a i l u r e  was d t l r i b u t e d  t o  ?21e 
separator caten up \:it11 cadni~in. ! h n  you pullcc!  i t  ~Ljar t  
tna s e p a r a t o r  j u s t  stuck ~ i ( ~ h t  o n t o  t h c  n c q a t i v c .  

The p o s i t i v e  plates lno!~rcci r c l a t  ' vely  5uo(l. T h c t e  was 
sonc  i n d i c a t i o n  o f  d e t e r i o r a t i o n ,  hut 1:othing l i k e  ::etrc 
t a l k i n 9  abou t  h e r e .  

NAPOLI : Ford, i n  UB e ~ r l i e r  ~ ) r c s c n t n t i o n ,  i n d i c s  tcc? 
t h a t  you can  g e t  1 4  a n y r e - h o u r s  o u t  of n 12-ampcre-11o:ir 
ce l l ,  and we have a l s o  been t a l k i n g  about  c?e;>ths of c1i.s- 
charcp .  A r e  we a l l  t a l k i n g  ahout  a common basis for cnL-  
c u l a t i n g  t h e  depth of discharqtr ,  t h a t  i s ,  rated o r  a c t u ~ ~ l ?  
A r e  wc all working t h e  s~me g o a l  h e r e ,  o r  s t a r t i n g  f r o n  
t h e  sane squa re  one? 

FORD: I l e l l ,  depth of clischarqe as we n o r n a l l y  refer 
t o  it  is based on n a m p l a t c  capacity. Xow t h o  answer t o  tl-,c 
q u e s t i o n  is no ,  w e  d o n ' t  a l l  work from that l ~ a s e .  

IVPOLI  : The gent3 <.nan who indicatcc? l i k e  C O  percent 
dep th  of d i s c h a r q e ,  i s  h e  going on nameplate? 

: J V O L I :  So you could  have had t h e  1 2  ainpera-hoar c e l l s ;  
you cou ld  have had indeed 1 4  ampere-hours, b u t  you d o n ' t  
u s u a l l y  u s e  t h a t  a c t u a l  f o r  de t e rmin ing  d e p t h  o f  d i s c h a r g e .  
Is t h a t  t r u e ?  

( S l i d e  131.)  

FORD; T h a t ' s  t h e  s i n i l a r  d a t a  t h a t  was shown on t h e  
6 ,  showing t h o  performance o f  t h e  1 2  ampere-hour c c l l s ,  and 
I d o n ' t  know t h a t  t h i s  is s e l f - e x p l a n a t o r y  t o  everyone ,  h u t  
P a t  exp la ined  what happened on t h e  e c l i p s e .  But what we're 
looking  f o r  is  a l i n e  h e r e  r i g h t  a t  72 minutes .  !Jill the 
ce l l s  s u p p o r t  t h a t  r a t e ,  o r  t h a t  d e p t h  o f  d i s c h a r g e  a t  t h e  
72-minute pe r iod?  

The i n t e r e s t i n g  t h i n g  when you t a l k  abou t  c a p a c i t y -  
When you t a l k  abou t  b a s i n g  d e p t h  o f  d i s c h a r g e  on a c t u a l  
c a p a c i t y ,  I have one q u e s t i o n  f o r  you. What's t h e  a c t u a l  
c a p a c i t y  of t h i s  pack r i g h t  h e r e ?  ( I n d i c a t i n g . )  t h a t  do  



I u s e  a s  a b a s e l i n e ?  A f t e r  two y e a r s  i n  o r b i t ,  d o  I s a y  I 
have a 19  ampere-hour cel l ,  because  t h a t ' s  what it is. A r e  
w e  go ing  to  change o u r  g r o u n d r u l e s  as w e  f l y  t h o  space-  
c r a f t ?  I d o n ' t  t h i n k  so. 

The o t h e r  q u e s t i o n  is what c a u s e s  t h a t  phenomenon, If 
w e  assume t h a t  o u r  c a p a c i t y  is  determined by t h e  p o s i t i v e  
p l a t e s ,  t h e n  t h e  p o s i t i v e  p l a t e s  must be changing,  growing, 
do ing  something. 

CROSS: The most s i g n i f i c a n t  t h i n g  to  m e  i n  t h e  conpaxi- 
son  o f  t h o s e  t w o  c h a r t s  is  t h a t  t h e  s i x  ampere-hour cells 
which were t e s t e d  t o  t h e  same regime as t h e  1 2 ' s ,  t h e  capa- 
c i t y  f e l l  w i t h  t i n e  whereas w i t h  t h e  1 2 ' s  i t  s t a y e d  t h o  same, 
i g n o r i n g  t h e  h igh  t empera tu re  and t h e  l o w  t empera tu re  tests. 

I would t h i n k  w e  would naed an e x p l a n a t i o n  f o r  t h i s .  

FORD: There is no o u c s t i o n  ahou t  i t ,  t h e  12's a r e  
pcrforminq much h c t t c r  t h a n  the si;:cs. As far as an cx?lana- 
t i o n ,  t h e  sixes a r c  l a t e  ' 66 ,  e a r l y  '67 v i n t a g e  cells.  The 
1 2 ' s  arc? ' 69  c e l l s .  Thcrc i n  ttta t o  t h r e e  jrcarg d i f f e r e n c e  
in t ! ~ e  nanufac tu r in -  m r i o ~ l .  

':'\c chta t h a t  have c 3 x  o u t  l a t e r ,  t!~e 1 2 ' s  ??ere test- 
i.:; 0 - ~ t  r.ot t o  1 2 ' s  you're.! fl:?iny toCwr; a t  l e a s t  if y o u ' r e  
Y-;inrj a C.?. l? the ?late 4 i n c n s i o n s  on  t h c s a  are en- 
tircly iiffcrcnt f r o n  t h c  i ~ l a t c  :limansions y o u ' r e  g e t t i n g  
today ,  so t h e r e  a r c  many f a c t o r s  t h a t  you h w e  to  con- 
s ider . 

But a l s o  the clmrgc r e q i ~ i c s  on the 12 's - -  1 s  P a t  
intlicatocl, t:lese 12'3 a r c  c:iar~cc! 5ilcI: ir. the r a n y  of C/10. 
Initially sonbe of therr, a r c  as  :li(;S as C/5 u n t i l  r e  r je t  thc 
'-'~irrl c l ec t ro r i c  s i g n a l  and the11 1:c trir) Lo C/?C and !tc'vr 
E m n C  t h a t  C/C3 *,:as atlecyatr! i n  a l l  cases c?;.:cc?",?-~ovc ?n 
~.:(;c:.rccs C .  And w e  cons idc rcd  t l ~ a t  rea l l : ;  not n tric':lc 
c:;zrqc b u t  gore a sustairrincj  charge d n n  any th iny  e l s e ,  

nut we are n o t  ho ld inq  these cells on constant c u r r e n t  
ove rc?~a r r j c  da;' i n  and iaj' 2t;t tdre:l they are n o t  goinq 
throucjll tire c c l i y s c  p e r i o ~ l  . That  's t h c  on ly  cxplana  t i o n  I 
can o f  fcr .  



.CZXZX :ViRGZJICI!: I trant t o  thank 2ASA for i n v i t i n g  us  t o  
nharc t l lcse  very :>reliti .inary r e s u l t s  t r i t h  you i n  an i n f o r n a l  
f a s h i o n .  The people  i n  o u r  S l ~ a c e  ~ o m u r i i c a " c o n s  9roup ~t 
K u ~ h c s  arc VLL-y i n t e r e s t e d  i n  t h e  p rob lcv  of havinq long- 
t i n e  s z t e l l i t c s ,  ones  t h a t  l a s t  f o r  sevcn y e a r s  o r  Lonqcr, 
and t!rcy t i i d n ' t  t e l l  it t o  u s  i n  t i .osa  terms h u t  I rq .qcss  
::cndce !~ho was say ing  it was r~ayhe worth a n i l l i o n  C o l l a r s  

~r an extra yea r  of  lmt tary  s o r t  of m k e s  t h e  p o i n t  t h a t  
i f  you can nake a !>dttcr:r l a s t  lo i lqar ,  i f  t h a t ' s  t h e  l i m i t -  
i n q  conponent,  t h e n  i t  i s  c e r t a i n l y  worth a l o t  o f  money 
i n  a comrnunications s a t e l l i t e .  

They n o t i c e d  t h a t  t h e  r e s e a r c h  labs were doing t h i n g s  
i n  l i q u i d  cr;ts t a l s  and ihoto:mlaners anti t h i n g s ,  b u t  w r e n  ' t 
C,oin.j anythin~;)  in battery s t u d i e s ,  and s o  they i n v i t e d  u s  
t u  ,:;ct our  fcc t  w e t  i n  t h i s  a r e a ,  and clztcr a few ~ s o n t h n  of 
g c t t i n g  o u r  f e e t  vtct, I d i scovc rcd  it is l i k e  s t e p p i n g  i n t o  
a batii o f  KO1I. Rut anyway, t h a t ' s  t h e  p r e s e n t  s i t u a t i o n .  

Yhat we would l i k e  t o  Go is look a t  a long-term s t u d y  
of sorno of t h e  funcla~nental  l i m i t a t i o n s  or p o s s i b l e  l i n i t a -  
t i o n s  i n  the l i f e t i r ~ e  o f  b a t t e r i e s  and i n  looking  a t  it 
from what w e  could  do ,  e s p e c i a l l y  f r o n  t h o  !henica l  s t a n d -  
p o i n t  f i r s t ,  wc clccitlcd t h a t  we w m l d  l i k e  t o  beg in  s t u d i e s  
on t h e  l i m i t a t i o n s  o f  tile n y h n  s e p a r a t o r  as one p o s s i b l e  
a r e a  of s t u d y ,  so t h a t ' s  t h e  p o i n t  aL r.rhich we have begun. 

( S l i d e  1 3 4 . )  

T h i s  is somewhat i n  a p o s i t i o n  l i k e  t h e  o l d  j o k e s t e r  
who s a y s  "Don't s t o p  m e  i f  you've heard  t h i s  one b e f o r e , "  
hecausc  you people  have been t a l k i n g  about  t h i s  t h i n g  f o r  
a long  t i r e  a l r e a d y ,  and you 've had many advoca te s  of the  
problems wi th  t h e  nylon s e p a r a t o r s  a s  be ing  p o s s i b l e  l i f e -  



t i m e  l i m i t a t i o n s .  You've had d i s c u s s i o n s  by Dunlop and 
by Mauer and o t h e r  peop le  i n  your  workshops and e l sewhere ,  
p o i n t i n g  o u t  t h e s e  problems. But l e t  m e  p u t  t h i s  on h e r e  
t o  begin  wi th .  

The nylon,  i f  i t  hydrolyzes--  T h i s  h a s  Seen one pro- 
posed mechanism: t h a t  i s ,  t h e  nylon hydro lyzes  f i r s t  a s  
shown on t h e  s l i d e  and then  rcacts e l e c t r o c h e n i c a l l y  t o  
deqrade i n  t h e  cell .  T h a t  is ,  t h e  hy3rolysis ~ r o ( ? u e t  
r c a c t s  i n  the ce l l  a t  t h e  n i c k e l  e l e c t r o d e  and i s  o x i d i z e d  
e i t h e r -  I t  r e a c t s  w i t h  oxygen a t  t h e  n i c k e l  e lcc t roc le  o r  
it reacts w i t h  t h e  n i c k e l  electrode and is o x i d i z e d  by t h e  
n i c k e l  e l e c t r o d e  d i r e c t l y .  Doth of those have Seen suq- 
g e s t c d  . 

And then  t h i s  l e a d s  t o  the  f o r n a t i o n  of ca rbona te  sntl 
o t h e r  proc!ucts, a n d  then  thi:; i s  a ~ o s ~ i b l e  l i m i t a t i o n  t o  
t h e  life ti in^ of t h e  b a t t e r i e s .  

- r ?  
I L  you a l s o  have the e l e c t r o c h e r i i c a l  f o r m a t i o n  c- i f  

ezr!~onatr?,  you are f u r t h e r  reclucinc; t5c? c o n c e n t r a t i c r  oT 
!Xi i on  as veil a s  incrcasincr t!le carbonate f o r ~ : u t i o n .  So 
t h a t ' s  ano the r  area t h a t  you miqht  want to c o n s i d e r  i? 
rec,rarc! t o  t h i s  mechanim.  



a c t i v a t i o n  e n e r g y  h a s  a b o u t  1 4 ,  15 k i l o c a l o r i e s  !3cr n o 1  
F i g u r e .  

l a a t  we would l i k e  t o  do is  look a t  t h i s  sort o f  t h i n g  
from t h e  c h c m i c a l  s t a n d p o i n t  and  d e c i d e  wha t  is this 
mechanism, which is the r a t e  ? r o c h c i n g  step, 5ot ' l  5 e f o r e  
c l c c t r o c h c m i c a l  r e a c t i o n  and  a f t e r  e l e c t r o c ! w m i c a l  r e a c t i o n ,  
a n J  what  arc t h e  p r o d u c t s ,  anc? ;:hat Locs t h o  whole  thing 
lcol; l i k e  from t h e  c h e n i c a l  s t a n C p o i n t ?  

'Jow I must  c o n f e s s  t!lat a t  t h i s  p o i n t  t:c have j u s t  !~e- 
gun on t h i s ,  b u t  I t h o u g h t  I would l i k e  to  s!~arr? with you 
\<here  we are a t  t h i s  p o i n t .  

!.?e a r c  l o o k i n g  a t  Pe l lon-2595 ,  a trirlct-was!:ed sanplc! 
a s  i s  used  i n  t h e  ?!ughcs 2 4  anp-hour cells,  and tF.c q u c s t i c n  
c a n e  up a s  t o  what  i s  t!:is? ,Ind w c  as1:m.I .'i"allon and  t h e y  
s a i d  i t ' s  n y l o n .  

And we s a i d  6 ,  o r  GX? 

A n d  t ' lcy snic? t h a t  bras pronr ie tar :? .  

I t  is  ny lon  6 p-ec!oi~inantly,  I f  you do a hyc2rolys is  
a t  hiq:: t e m p e r a t u r e s  and t h e n  ,>nalyzc  v i t !~  a qas c h r o n a t o -  
graph t h e  , ~ r o d u c t ,  you f i n 6  n l ~ l o n  5 is  thc :?rirmry mononcr . 
Ye f o u n J  less t 3 a n  . 2  ~ w r c e n t  n y l o n  SS i f  t ! ~ c r ~  was any  
tilcrc a t  a l l .  

V!c 1ool:ecI a l s o  a t  Lhc Ilononer c o n t e n t  nF i t  by  dis- 
so1 .v i .n~~  i t  i n  f o r m i c  a c i d  and l o o k i n q  a t  t h e  5as chromato-  
~ r z p h  anc' we Found less  t h a n  .:! y r c c n t  of Frcc! nononcr  
t h a t  i s  Cayrolac-10.  

And wc a l s o  heatec? it i n  vntcr ,  b o i l i n g  v a t c r ,  an(.? 
s f t c r  s 5 o u t  seven '?ours t71erc was al7out . 4  y r c c n t  vcj .?ht  
r c d u c t i o ~ .  !!c c?id n o t  identify what  t h a t  p r o d u c t  i s  y e t ,  
b u t  it is a l s o  a n  i n d i c a t i o n  t h a t  t h c r c  i s  n o t  n u c ! ~  f r c c  
nononcr  i n  tilt san!plc t o  k q i n  w i t h .  



We s e n t  some s m p l c s  o u t  f o r  a t o r i c  e m i s s i o n  spec- 
t r o s c o ~ y .  Kc t h o u q h t  w e  x i ~ ! ~ t  l o o k  for z i n c  or  someth ing  
li!.:c t h a t .  "'~c . a n a l y s i s  r e a l l y  17asn' t  a big enough sample  
L ~ ~ : m r c n t l y  to Getcct z i n c  a c c u r a t e l y ,  b u t  t h e y  d i d  show 
a b o u t  3,000 p a r t s  per ini l l ion of t i t a n i u m .  I ' m  n o t  q u i t e  
s u r e  what  s i g n i f i c a n c e  t h a t  has. 

::ass tl:ercl i s  an altcrzate n c c h a n i s n  t h a t  I would l i k e  
to ca l l  t o  y o u r  a t t e n t i o n .  Elis is  a mechanism t h a t  h a s  

y 1 I c! a r e  :;Lnrt.ing t o  look o u t s i c ? c  o f  t ? : e  ! : a t t c r y ,  sort 

of l i l x  an  i L : L : , ~ l i z x l  s i t u a t i o n ,  and  ~ c t ,  somc idea i f  you 
can  l o o k  a t  t : ~ e  ' ~ c t u a l  c h e n i c a l  r e a c t i o n s  f i r s t ,  w i t h o u t  
lookinc; at the clcctroc!c c f f c c t s .  So t h i s  i s  a s e t u p  
L i a q r a n  he r (? .  

!!r? put thc nylon  in t !mt  e x c e s s  of KOII, s larrjtl ex- 
ccss of  :;CII!, and c o n t r o l  the gas 5y hub!>linc~ e i t h e r  oxyqcn 
o r  n i t r o g c n  L!lrouf;h t h e  sarqple and h e a t i n ?  a t  c o n s t a n t  
t z m ! ~ a r a t u r c ~  311~1 t h e n  l o o k  a t  what  h a p p n s  to  the nylon .  
J n d  t h e n  wt: i11CcnJ t o  l o o k  a t  wha t  happens t o  tile p r z ~ ! u ~ t s  
t h a t  were ~ O ~ I . I C * L !  a s  w e  c a r r y  t h i s  r e a c t i o n  o n .  i'hin is j u s t  
our i n i t i a :  k i i l i i  of s t u d i e s  i n  t h i s  area.  
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To g i v e  you some i d e a  o f  what happens to  t h e  ny lon ,  
if you h e a t  this a t  115 deg rees  Cen t ig rade  f o r  v a r i o u s  
l e n g t h s  of  t i n e  i n  such r e a c t o r  -- and t h i s  had a  s m a l l  
amount of  n i t r o g e n  bubbl ing  through i t  -- what you f i n d  i s  
a f t e r  a fey Cays i t  a l l  f a l l s  a p a r t ,  and t h e r e  i s  no ques- 
t i o n  b u t  w : m t  i t  i s  degrad ing .  And i f  t h e r e  is a f r e e  
sample o f  nylon t h a t  i s  n o t  c o n t a i n e d  i n  any way, why you 
g e t  nylon f i b e r s  a l l  th rough t h e  r e a c t i o n  v e s s e l  a f t e r  
abou t  two o r  three days .  

(Slide 137.) 

These a r e  p i c t u r e s  o f  t h e  nylon as i t  was taken o u t  
anti washed and d r i e d  and looked. a t ,  and it h a s  obv ious ly  
11 i t e r i o r a t e d .  

!?ow one  o f  t h e  thincjs t h a t  is going to  happen a s  t h i s  
r e a c t i o n  c o n t i n u e s  i s  t h a t  t h e  nylon w i l l  become s o l u b l e  
p a r t l y  as it degrades .  

( S l i d e  138.)  

L e t  ne p o i n t  o u t  t h i s ,  t h a t  a s  f a r  as we know, t h e  
a t t a c k  of 011 i o n  on nylon is  a randort a t t a c k  anywhere a long  
tllc c h a i n  and t j l e re  i s  no more p ro ! ) ah i l i t y  t h a t  i t  a t t a c i : ~  
one cnc! t h ~ n  the ot?ler, a s  Ear as I l:now, of t h c  oolymer 
c h i ~ i n ,  an!.; there i z  no u n z i ; ~ l ~ i n y  characteristic i n  t h e  
nylon so i t ' s  a random a t t a c k .  

The re fo re ,  w i t h  a  f a i r l y  ion9  c h a i n  l e n g t h  a s  you have 
i n  KO11 and t h e  r e a c t i o n  p roceeds ,  what you e x p e c t  to  see 
is a d e c r e a s e  i n  t h e  molecular  weight  o f  t h e  sample,  and 
t h i s  h a s  been r e p o r t e d .  I t  h a s  keen s t u d i e d ,  a t  l e a s t  by 
nylon samples  i n  b a t t e r i e s .  

I t h i n k  a  c o u ~ l e  o f  y e a r s  ago  it was r e p o r t e d  a t  a  PJASA 
rnceting t h a t  t h e  molecular weight  d i s t r i b u t i o n  of  t h e  nylor, 
d i d  d e c r e a s e  t o  lower n o l e c u l a r  we igh t s  a s  you go on.  

So i n  t h e  c e l l ,  i n  t h e  c o n d i t i o n s  t h a t  we a r e  s tudy-  
i n g ,  we e x p e c t  t o  see t h a t  a s  it r e a c t s ,  t h e  r a t e  a t  which 
it d i s s o l v e s  should  i n c r e a s e  because t h e  c h a i n  l i n k s  w i l l  
be g e t t i n g  s m a l l e r  and t h e y  w i l l  Sc r each ing  t h c  p o i n t  
where y o u ' r e  more l i k e l y  t o  knock o f f  an end group o r  you 
a r c  n o r c  a p t  to  g e t  a l igamer  t h a t  is s o l u b l e .  



WASHED AND DRIED NYLON SAMPLES 
AFTER REACTION IN 34% KOH AT 115% 

a1 UNREACTED. 
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And so w e  e x p e c t  t o  see an a c c e l e r a t e d  e f f e c t  as t h e  
r e a c t i o n  c o n t i n u e s ,  v h i c h  i s  t h e  c u r v e  we have h e r e .  
( I n d i c a t i n g . )  

I do \ianC t o  s a y  t h a t  vrc h a v e  j u s t  r e a l l y  :)@gun t h i s  
work, t h a t  tl:is is  n o t  a t  a l l  c o n c l u s i v e .  The error b a r  
h e r e  between these t w o  r u n s  ha;lpcns t o  he f a i r l y  sub-  
s t a n t i a l  and i t  is  o n l y  o u t  a t  t h e s e  > o i n t s  t 3 a t  w e  c a n  
r e a l l y  see i f  t h e r e  is a d i f f e r e n c e  hetvcen o x y g c n  and  
n i t r o g e n .  

P r c l i r ~ i n a r y  r e s u l t s  i n d i c a t e  that them is  a d i f f e r e n c e  
and t h a t  tllc s a r q l c  i s  decony~osinr j  n o r c  r a p i d l y  i n  t h e  
p r e s e n c e  o f  oxyyen,  and w e  nee2  t o  a c t u a l l y  c o n f i r m  t h a t  
y e t .  

Then 1:e 1:avc j . G c i l t i  f iecl a r , inoc i i ; i ro lac  acid as o n e  o f  
t'le ~ r o c ? u c t r ;  i n  t h e  e l e c t r o l y t e e ,  t h e  KO!? sample, and w e  
w i l l  5e loo!-.ing i n  ~?::ch i y o r i  c i e t a i l  w i t h  Sn th  g a s  and ! i c l u i  i 
c1~ro1.a  toc~r;if)!;y a t  t h e  o t h e r  r c a c  t i o n  p r o d u c t s  t h a t  we f i l l<: ,  
and we w i l l  also he a r i a l y z i n q  the nvlon  f o r  i t s  c h m r ~ e  i :. 
-1oleculax wr-?.i[.!ht and for o"c:lcr p!:ysical p r o p e r t i e s .  

I'LARGERU; i : f n  t h i s  case t h i s  is a l a r g e  cxccss  0 7  
:<OI! and i t  .i.s :.;oluhlc oxy.;cn t3at we ' re  concclrned \:it;h, riot 
qaseous oxytjcn. 

A ! ' .  ":I s u g g e s t i o n  h e r e  v?ould he t h a t  i f  t'lere is  
an oxygen c? fec t  i n  rca l  l i f e  you're l i k e l v  t o  ::~t a 1-1:: . =  

of Lic-iuici e l e c t r o l y t e  and q a s e o u s  oxyc;cn i n  a ~..:ashing :,, ~ c l :  
an(? f o r t h  si. t u a t i o n  , and  that t h i s  is rj0ir.g t.o hc -:ar,t 1.; 
nore c i e s t r u c t i v e  b e c a u s e  t h e  s o l u b f l i  t y  of oxyTcn i n  !'r)!! 2 '  



t h e s e  temperaturcb i s  p r e t t y  low so you a r e  n o t  go ing  t o  
g e t  a g r e a t  d e a l  of oxygen i n  t h a t  t ype  of a s i t u a t i o n ,  I 
would i10t t h i n k .  

FlARGERUlI : You're q u i t e  correct, VJc unde r s t and  t h a t .  
P7e wanted t o  hogin  the s t u d y  a t  some p l a c e  where we more or  
less knew what t h e  c o n c e n t r a t i o n  was. A t  100 d e g r e e s  i t  is 
about  5 x molar .  As you decrease -- i n  KOlI .  

As you d e c r e a s e  t h e  t empera tu re ,  a c t u a l l y  the oxyrc: 
s o l u b i l i t y  i n c r e a s e s  and t h e  d e g r a c a t i o n  nay n o t  hc 
temperature-dependent  i n  the normal a c t i v a t i o n  energy  ?lot. 
I t  may b e  you have to  t a k e  i n t o  accoun t  the r a t e  of hydro ly-  
sis c o n s t a n t  t i n e s  "V i o n  c o n c e n t r a t i o n ,  and a l s o  t h c  rate 
of  h y d r o l y s i s  which vould  i n c l u d e  t h e  c o n c e n t r a t i o n  of 
oxygen. 

So w e  i n t e n d  t o  do t h a t .  Ye would l i k e  t o  t hen  fo l lo t r  
up w i t h  the sort  of  t h i n g  y o u ' r e  tal?:ing abou t ,  lookinq  a t  
i t  in the  c o n d i t i o n  i n  which t h e r e  is  gaseous  -- I n  a 
we t t ed  nylon sample suc'l as  i n  a b a t t e r y ,  we intenc' t o  f o l l o v  
i t  up this way. 

NOIV- one t h i n g  I d i d n ' t  -->oint o u t .  I :eel a l l  o' t h i s  
7-123 a l r e a d y  been done before,  h u t  w e  c a n ' t  f i n d  it i n  t h e  
l i t e r a t u r e .  And maybe hy t e l l i n g  peop le  ve  're s t a r t i n 7  t3is 
we'll smoke o u t  s o r e  d a t a  am1 13crh~ns y m y l e  w i l l  e i t h e r  
t e l l  nc vPmt i t  is o r  e l s s  t hey  t r i l , .  ~ c r h a p s  2 u h l i s h  i t  if  
thcy  h a v a n ' t  a l r e a d y .  

GASTO':: I r e c a l l  n t?orkc.s!?o;~ r?eetinrj snvar,*.l !:cars avo 
where Bob S t c i n h a u c r  c?id r e p o r t  t l ~ e  ~ I c y r a Z a t i o n  o F  nylon i n  
t!le p re sence  o f  oxygen. I t  was c':onc by 3 stud:, f o r  t h c  ?\ir 
Force ,  and I b e l i e v e  it var; f o r  t!~c 1 5  nnp-hour ce l l .  

And I t h i n k  one o f  t h e  c o n c l u s i o n s  was t h a t  t h e  nylon 
does  hydro lyze  a t  t empera tu re s  as low a s  100 d e g r e e s  F. 



which w e  c o u l d  n o t  conf i rm i n  o u r  s t u d y .  So t h a t  work was 
done and it was done a t  IIughes. 

XARGERU?: nob was one of  t h e  guys who encouraged u s  to  
do t h i s ,  and h e  knows i n  d e t a i l  what we're doing .  Fnrcn tt!c 
a s k  such q u e s t i o n s  as what i s  t h e  r a t e - d o t e r r l i n i n g  s t e p ,  
what a r e  t h e  p r o d u c t s  and s o  f o r t h ,  a s  f a r  a s  I know t h a t  has 
n o t  hcen published. 

GAST0;J : :?ow I have a n o t h e r  corrn,~cnt. You mentior~ec? 
p o s s i b l y  t l r c  y r e s c n c e  o f  z i n c  i n  t h e  P c l l o n  s e p a r a t o r .  Yes, 
t h e r e  i s ,  and we d i d  f i n d  it s e v e r a l  years ago ,  t !~at  i t  i s  
r e l a t i v e l y  h i g h ,  and I t h i n k  you see sone  good d a t a ,  t h e  
OAO battery data a n a l y s i s  p rogran  which w a s  puS l i shed .  And 
you w i l l  f i n d  -- I was anazcd -- Lhat i t  i s  r e l a t i v e l y  h i g h ,  
5 u t  of c o u r s e  t h a t  was done t h r c e  o r  f o u r  y e a r s  ago.  I t  
might  have clxtngecl. 

I 1  I t h i n k  wlmt y o u ' r e  do ing  is  p r e t t y  good work 
b u t  I have a f e e l i n g  y o u ' r e  f loqginr ;  a dead  h o r s e .  I?e do  
have a  s e p a r a t o r  which is  much mcrc r e s i s t a n t  t h a n  t h e  
P e l l o n ,  n a n e l y ,  po lypropylene ,  and 1 t h i n k  what we should  b e  
r:oing is  s?cnding sone  t i n e  on t h e  po lyp ropy lene ,  t o  nal:e 
t!le f i b e r s  j u s t  a  l i t t l e  h i t  no ra  h y c k o c r i l i c .  

i IAXERULi:  Yes. IJe d o n ' t  i n t e n d  t o  l i m i t  o u r  s t u d i e s  
to  ny lon .  I t  j u s t  loolted l i k e  a -  - S i n c e  t h e r e  are many 
satellites t h a t  have nylon and w i l l  b e  u s i n g  ny lon  f o r  a 
vhilc,  t h i s  is  somcthinq t h a t  we though t  we should  look a t .  

I I S :  The ones  t!nt a r e  up t h e r e  now w e  c a n ' t  40 
a n y t h i n g  a b o u t ,  hut w e  can  do something abou t  t h e  n e x t  
g e n e r a t i o n  t o  go up. 

b1ARCERUf.I: I would like t o  see some d a t a  showing -- 
sone  tes ts  showing t h a t  t h e  l i f e t i m e  improvement of t h e  
nylon s e p a r a t o r s  a f t e r  a s  many years a s  t h e  ny lons  have 
been up. 

IIAI:4ES: Canada h a s  s e v e r a l  s a t e l l i t e s  i n  o r b i t  a t  t h e  
p r e s e n t  t i m e  w i t h  polypropylene. One of  them was t u r n e d  
o f f  a f t e r  t e n  y e a r s .  They were t i r e d  of g e t t i n q  d a t a  i r o n  
it. 



J. N. SCHULMAN: What is the 0-10 of the reaction, do 
you know? Is it linear with temperature? 

MARGERUM: I didn't understand what you meant. 

J. H e  SCHULMAN: The 0-10; in other words, the increase 
in the reaction rate. In other words, if you go from your 
three-day degradation to 115 degrees C. back down to 25 
degrees C., every drop of 10 degrees -- 

MARGERUM: We intend to plot that out as a function of 
temperature. We've just begun this and I don't know what 
that actual temperature -- 

J. H. SCtlULMAN: For that type of material do you know 
whather it would be a Q-10 of two or three for that type of 
molecule? 

MARGERUM: We could guess but I'm not going to. 

HALPERT: We have two more papers on separators and 
the answers may come up in those. 



VI.3 SEPARATOR EVALUATION: T. HENNIGAN/GSPC 

The n e x t  speake r  i s  from o u r  own home b a s e  h e r e ,  
Tom Hennigan, who is going  t o  t a l k  on s e p a r a t o r  e v a l u a t i o n ,  
some work t h a t  i s  be ing  done. 

HENNIGAN: We have been r e p o r t i n g  f o r  t h e  l a s t  f o u r  
y e a r s  on v a r i o u s  s e p a r a t o r  tests. These have i nc luded  
po lypropylene ,  and we have been t r y i n g  t o  de t e rmine  from 
a s c r e e n i n g  t e s t  which i s  run  a t  t h e  Bureau o f  S t a n d a r d s ,  
can w e  p i c k  a good s e p a r a t o r  and a bad s e p a r a t o r .  

I t h i n k  we showed a few y e a r s  ago w e  can  p i ck  a v e r y  
bad one.  W e  c an  p i ck  good ones ,  b u t  no t  t h e  degree of 
goodness w e  would l i k e  t o  t i c  to.  

A coup le  of y e a r s  ago w e  p u t  i t  on a m i c r o f i b e r  
po lypropylene  made by Hercu l e s ,  and t h i s  looked l i ke - -  It: 
had c h a r a c t e r i s t i c s  s i m i l a r  t o  ny lon  a s  f a r  as r e t a i n i n g  
e l e c t r o l y t e  d u r i n g  c y c l i n g  and w e t t i n g  and so f o r t h .  



Ur . fo r t una t c ly ,  k r c u l c s  ::cis n o t  i ~ , t c r c s t e d  i n  t h i s  
Insi~less a t  a l l ,  and took t h e  machine a p a r t ,  -- 

-- even t h e  whole b a t t e r y ,  bccausc  t h e y  were n o t  interested 
i n  lt. 

';ow tile nylon is  n ve ry  soocl sc!?arator .  lBetvc !:c?en 
u s i n g  i t  f o r  y e a r 3  and ;IOU can !:not': i t  b u t  one  thin!! T 
!.roul.d l i k e  t o  p o i n t  o u t  is t ~ c  5avo sc.11~ s o u r c e  i n  s~:mrclt.oni 
an& i f  any th ing  ever !r,~p!)t.us t o  tlut (>net everybody i s  goi  119 
to  scrai.lble i n  a h u r r y .  

So I t h i n k  i f  we qct a nylon or n ; .olypropylcnc, Z 
thin!: i t  i s  t ror th  tilt? e fcor t .  

Je !lave :;o!vj 021.i:: ! d l k  by ~,i l~lr:-I' i .c!~cr.  They itre 
s i x  mpere-!mur ce l l s  and we're runninc j  t:wn a t  Crane.  1;c 
j u s t  s t a r t e d  t h i s  ahvut two c o n t h s  i I T O .  i'!~are arc the 
Cranc pack n u r d x r s ,  am? t h e  s u p p l i e r s ,  t h c  f o u r  Graces ,  
1:erculcs -- t h a t ' s  s i n i l a r  t o  t h e  one wc t e s t e d  b e f o r e  -- 
a n o t h e r  Grace, a  Wex 1242 which is  m a r l ~  by Gaff which is 
i r r a d i a t e d ,  N\I, and g r a f t e c .  

Th i s  is t h e  Canadian-- K c l l ,  we c a l l  i t  t h e  !?ex ISIS 
which I l r .  IIaines j u s t  t a l k e d  a b o u t .  And. of c o u r s e  we havc 
P c l l o n  as a  c o n t r o l  -- tha ' . ' s  a nylon -- and ny lon  Cracc  
a l s o .  

IIow w e  d id  g i v e  them c a p a c i t y  checks  b e f o r e  v e  s t a r t e d  
b u t  w e  h e l d  t h a t  g o a l  t o  152 p e r  c e l l ,  and some of t h e n  c u t  
o f f .  

Xow t h i s  is a n  ave rage  o f  f i v e  c e l l s ,  t h e  t h i r d  column 
o v e r ,  and some are somewhat l o w ,  b u t  we wanted t o  see how 
t h e y  would c y c l e  anyhow, s o  w e  p u t  them o n  a c y l c e  regime,  
t h e  same as l a s t  time, 25 p e r c e n t  d e p t h  o f  d i s c h a r g e ,  2 5  
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d e g r e e s  Cen t ig rade ,  and a 1.41 v o l t a g e  l i m i t ,  and they  
are overcharg ing  a t  about  110 p e r c e n t .  They s t a r t  a l i t t l e  
high b u t  t hey  level o f f  between 107 and 110 p e r c e n t .  And 
t h a t ' s  t h e  number o f  c y c l e r  w e  have t o  d a t e ,  as o f  l a s t  
week anyhow, and t h e r e  have been no f a i l u r e s .  

What w e  i n t e n d  to do  i s  v a r y  2,000 c y c l e s ,  t a k e  o u t  one 
ce l l ,  t a k e  i t  a p a r t ,  and a n a l y z e  t h e  s e p a r a t o r  f o r  electro- 
l y t e  r e t e n t i o n .  T h a t ' s  about  it. Thank you. Are t h e r e  
any q u e s t i o n s ?  

WKNER: You h a v e n ' t  any c y c l e s  f o r  o u r  b e a u t i f u l  
polypropylene.  

HENNIGAN: We j u s t  h a v e n ' t  s t a r t e d  i t ,  b u t  it i s  
s t a r t e d ,  I t  was s t a r t e d  l a s t  F r iday .  

LACKNER: Okay. It  c r e a t e s  t h e  wrong impress ion ,  

HENNIGAN: Well, how about  t h e  Pe l lon?  Any q u e s t : m s ?  

WEBSTER: Tom, what a t t e m p t  have you made t o  keep t h e  
i n t e r e l e c t r o d e  spac ing  t h e  sasre, t h e  t h i c k n e s s  o f  t h e  
s e p a r a t o r  m a t e r i a l  t h e  same? 

HENNIGAN: Well, t h a t ' s  k ind  of tough when you g e t  a l l  
t h e s e  d i f f e r e n t  m a t e r i a l s  from d i f f e r e n t  companies. You 
can  p l a y  around with-- A l l  t h e s e  a r e  samples.  The on ly  one 
w e  p a i d  f o r  was t h e  hex 1242-RAI. 

SCOTT: D o  t h o s e  numbers i n  t h e  f a r  r i ~ h t - h a n d  column 
i n d i c a t e  how many c y c l e s  they  a r e  s t i l l  going a t ,  or when 
they  f a i l e d ?  

HENNIGAN:  NO, they  a r e  s t i l l  going.  

SCOTT: A l l  o f  them a r e  s t i l l  going? 

HENNIGAN:  Right .  



V I . 4  PERMANENTLY WETTABLE POLYPROPYLENE SEPARATORS: 
N . PALMER/GRACE 

HALPERT: Maybe some q u e s t i o n s  w i t h  r e g a r d  t o  t h e  
Grace m a t e r i a l  w i l l  b e  d e s c r i b e d  by Niyel  Palmer who i s  
t h e  Technica l  D i r e c t o r  of F i b e r  S p e c i a l t i e s  a t  Grace.  Ye 
i s  yoing t o  t a l k  about  permanently w e t t a b l e  po lypropylene  
s e p a r a t o r s .  

PALMER: F i r s t  l e t  m e  make a  coup le  o f  g e n e r a l  comments 
and t h a t  i s  t h a t  what I ' m  go ing  t o  s ay  i s  q u i t e  impromptu. 
I h a d n ' t  any thought  o f  s ay ing  anyth ing  u n t i l  l a s t  F r i d a y  
when w e  had a  r a t h e r  r e l e v a n t  p a t e n t  i s s u e  on t h i s  s u b j e c t  
and t h i s  prompted me t o  c a l l  Gerry and s u g g e s t  t h a t  i f  t h e y  
were t a l k i n g  about  s e p a r a t o r s  t h a t  I might  be  a b l e  t o  g i v e  
a  b i t  of  background in fo rma t ion  on ou r  s e p a r a t o r ,  n o t  so 
much t o  g i v e  d a t a  on c y c l e  performance and t h i n g s  l i k e  t h i s ,  
which i s  p r i n c i p a l l y  be ing  gene ra t ed  by NASA and by v a r i o u s  
c e l l  manufac ture rs ,  b u t  r a t h e r  t o  g i v e  people  who a r e  work- 
i n g  w i t h  ou r  s e p a r a t o r s  some i d e a ,  some background informa- 
t i o n  on how it i s  p u t  t o g e t h e r ,  what g i v e s  it t h e  v a r i o u s  
p r u p e r t i e s  w e  t h i n k  it h a s ,  and s o  t hey  can  i n t e r p r e t  t h e i r  
r e s u l t s  and i n  t u r n ,  working w i t h  u s ,  c an  f u r t h e r  t h e  o p t i -  
m iza t ion  p roces s .  A s  a r e s u l t  of t h i s  be ing  impromptu, I 
d o n ' t  have any s l i d e s  o r  any th ing  l i k e  t h a t ,  f o r  which I 
apo log ize .  

The o t h e r  t h i n g  I might j u s t  s ay  by p o i n t  of i n t r o d u c -  
t i o n  a l s o  i s  t h a t  a s  some of  y ~ d  may know, w e  a r e  s e p a r a t o r  
people .  W e  have Seen t h i s  f o r  about  2 5  y e a r s ,  b u t  w e  a r e  
q u i t e  new t o  a l k a l i n e  s e p a r a t o r s  and i n  f a c t  on ly  g o t  i n  i t  
a s  a  s o r t  of what I have t o  admit  was something of  an a f t e r -  
thought  about  t h r e e  y e a r s  ago a s  a  r e s u l t  of work w e  were 
do ing  f o r  o u r  p r i n c i p a l  s e p a r a t o r  b u s i n e s s ,  which was l e a d  
a c i d .  



An having sort o f  g o t t e n  i n t o  it, we have k ind  o f  g o t  
i n t e r e s t e d  and invo lved ,  and w e  t h i n k  we're making an i m -  
proved product .  

I t h i n k  from t h e  comments t h e r e  have been a l r e a d y  t h i s  
morning t h e r e  i s  a  g e n e r a l  f e e l i n g  o r  agreement anon9 a t  
l e a s t  a l a r g e  number o f  peop le  t h a t  po lypropylene  sepa ra -  
t o r s  w i l l  g i v e  improved performance i n  nickel-cadmium 
b a t t e r i e s  i n  terms of l i f e ,  i n  terms o f  chemical  r e s i s t a n c e ,  
and i n  terms of  a b i l i t y  to  hand le  h igh  t empera tu re s .  And 
t h e  down s i d e  h a s  been t h e  u n r e l i a h i l i t y  o f  w e t t i n g  and i n  
p a r t i c u l a r ,  t h e  non-permanence o f  w e t t i n g .  

Th i s  is something t h a t  w e  i n i t i a l l y  found o u t  a g a i n  
when w e  were looking  a t  a non-woven p roduc t  from a l e a d  
a c i d  a s p e c t  bti t  I t h i n k  i t  i s  cormon t o  po lypropylene  i n  
g e n e r a l ,  and I t h i n k  t h e  problem f r a n k l y  is  t h a t  polypro-  
py lene  i s  an  ex t remely  hydropho!~ic rna t e r i a l  t h a t ,  a l t hough  
you can w e t  it ve ry  e a s i l y  f o r  i m e d i a t e  wet-out -- a 
thousand t h i n g s  w i l l  g i v e  it i n i t i a l  w e t t i n g  -- it i s  v e r y  
d i f f i c u l t  t o  g e t  i t  t o  s t a y .  You have t o  go u s u a l l y  to  
t h i n q s  l i k e  g r a f t i n g  and s o  on ,  which is t r i c? :~ .  

Let m e  t a l k  n l i t t l e  ? ; i t  abou t  t h e  procc:;s !:etvc? 5 o t  
and how we t h i n k  w? iiave avarcor,ie t h i s  w e t t i n y  prot?lcrn. 

B a s i c a l l y  o u r  p r o c e s s ,  w i ~ i c h  is  a  ne thod  we l i c e n s e d  
from Exxon on an c x c l u s i v c  b a s i s  f o r  s e p a r a t o r s - -  We s p i n  
ou r  own m a t e r i a l .  W e  d o n ' t  t a k e  s t a p l e  and c r e a t e  a non- 
woven m a t e r i a l .  Se t a k e  t h e  b a s i c  polamer and s p i n  it anti 
t h e  p roces s  b a s i c a l l y  i n v o l v e s  c x t r u c i n g  f i l a m e n t s  through 
a series of  f i n e  nozz l e s  and then  i n ~ i n g i n g  on t h o s e  f i b e r s  
as they  come o u t ,  a very  hi<:h v e l o c i t y  s t r eam of  a i r  a t  a  
h i c ~ h  tem?erature  . 

T h i s  r e s u l t s  i n  a rapid a t t e n u a t i o n  o f  t h e s e  f i b e r s  t o  
a n i c r o f i b e r  s i t u a t i o n ,  and y o u ' r e  t a l k i n g  about  f i b e r  
Ciameters  i n  t h e  onc t o  t h r e c  n i c r o n  r e v i o n .  We can  nake 
them ~ m a l l c r  and VJC can r u k e  thcm c o a r s e r .  T>cre are qucr,- 
t i o n s  b E  economics t h a t  cone i n t o  ? l a y  r e a l l y  on a Fiber 
d i n n c t c r  . 

T h e  g roces s  is n o t  , j r o s s l y  2 i f f c r e n t  from t h z t  t b t  
I T ~ r c u l e s  use(; i n  t h e  n a t n r i - 1  t!-c..t was t a l k c d  a t o u t  cnrlicr. 



The aJvantac;c 0: t!!2t, f ro? 3 yro[?.uct :>oint of view, 
gf coursc is that v:c I:ai.~c ::ontrcl o7:er t ! ~  f i ? ? e r  p roper -  
t ies,  both p h y s i c a l  and c h e n i c a l ,  as w e l l  as t h e  obv ious  
c o n t r o l  t h a t  nnyl~ociy ;la:. 3ver tke ac tu ; t l  lay-down aspects 
of  t!le wch i t s e l f  once I, 's ;lade. 

;Jaw f r o n  a 9roGuci; !joint o f  view, I i d e n t i f y  a nunbcr 
oE k e y  f a c t o r s  t h a t  I t h i n k  a r e  d i f f e r e n t .  

F i r s t ,  and r ~ ~ o s t  i ! . ~ ; ~ o r t a n t  i n  my o p i n i o n ,  i.s 3 c  ;>el--- 
xancrit; w e t t i n g  aspcct o f  t h e  p r o d u c t .  '.i'::c otkcr t;,inr; T 
!.lentioried a5ou t  t h e  f i n e  f i b e r  d i a n e t c r s  x h i c ; ~  I t ! ~ i r : l :  
t h e r e  a r e  n i x e d  f e e l i n g s  abou t .  I n  g e n e r a l  i t  t ends  t o  
c o n t r i b u t e  t o  a b s o r p i i v i t y  22:: t o  wick ing  and t o  res is t i : r ice  
t o  cad~?iur.l m i g r a t i o n ,  S v t  I t h i n k  t h e  v e r d i c t  i s  n o t  r-cillly 
i n  on t h a t  y e t .  

2.not;lcr f a c t o r  : r i~ich I thin:: is o f  soinc importance is 
the f i b e r s  are con t inuous  r a t h e r  t l ~ a n  d i s c o n t i n u o u s ,  which 
?leans you ten6 n o t  t o  have t h i n g s  f a l l i n g  o f f .  

lnoi n? on to the a r c y c t  01 t h e  t r e t t a : ? i l i t y ,  I ~ c n  tiontG 
that IIC s t a r t e d  t h i s  p roqran  w i t h  l e a d  a c i d  and w e  found 
f a i r l y  e a r l y  on t h a t  a l t h o u g h  w e  had g r e a t  e l e c t r i c a l  re- 
s i s t a n c e  and good i n i t i a l  performance,  t h e  b a t t e r i e s  would 
s t a r t  f a i l i n g  and t h e y  would s t a r t  s h o r t i n g  and c!oi.ng funny 
t h i n g s  on a r a t h e r  u n 2 r c d i c t a b l e  b a s i s ,  

And when w e  looked i n t o  i t  we r e a l l y  concluded t h a t  
t h e  problem was t h e  l o s s  o f  w e t t a h i l i t y  i n  a s i t u a t i o n  where 
you had g a s s i n g ;  i n  o t h e r  words,  i n  a c h a r g i n g  s i t u a t i o n  
o r  i n  a s i t u a t i o n  where e l e c t r o l y t e  l e v e l s  cou ld  d r o p ,  any- 
t h i n g  l i k e  t h a t ,  you would t end  t o  g e t  a loss o f  w e t t i n g  i n  
t h o s e  a r e a s .  I t  wouldn ' t  come back.  

So what w e  d i d  was t o  deve lop  what we c a l l  t h e  i n t e r n a l -  
e x t e r n a l  w e t t i n g  approach and b a s i c a l l y  what it i n v o l v e s  is 
i n j e c t i n g  a s u i t a b l e  w e t t i n g  m a t e r i a l ,  s u r f a c t a n t ,  i n t o  
t h e  polamer d u r i n g  i ts  f i b e r  fo rma t ion .  W e  select t h i s  
m a t e r i a l ,  i n  a d d i t i o n  t o  do ing  t h e  t h i n g s  r i g h t  i n  t h e  



battery, we selected It to be compatible with the polamer 
while it is being made -- in other words, a single-phase 
situation -- but incompatible when it's cold, 

Then you have a situation where you get in effect a 
ballooning process, a gradual exudation of this material 
to the surface of the polamer or the fiber. And this pro- 
vides, we believe, a permanent wsttable surface to the 
polamer and as far as we can tell, certainly on the tests 
that we have run over a period now of about three years -- 
not, I might say, in nickel-cadmium that long -- has shown 
no loss of this property. 

I can't say at what point this would disappear. We 
don't think-- I think there are some theoretical reasons 
why it would never entirely disappear. 

We have a second-- I mentioned the internal-external. 
The external refers to a second surfactant component which 
we add to the outside of the separator to improve the ini- 
tial wetting characteristics and particularly how fast the 
separator wets. 

For the fine fiber and a fine pore size you tend to 
vet somewhat slowly and obviously, particularly if vacuum 
impregnations are being used, this can he important in 
commercial cells, so w e  have come up with a package which 
we think covers both bases. 

In terms of data, really I cannot give at this point 
any data; in fact, I won't be able to because we don't test 
nickel-cadmium cells. We rely on our various customers to 
do this. 

But what I can say is that we have been testing the 
separator material of this type in lead acid batteries that 
we Go test, both in field and in lab conditions, for about 
three years, and have established that the wettability has 
been retained during this period. 

Secondly, we have done artificial tests where we have, 
for example, washed off the wetting material, the surface 
wettability with solvents, for example, and then 



demonstrated to our satisfaction that the wettability re- 
covered under conditions that would simulate cycling in a 
cell. 

So we believe that this will compensate for this prob- 
lem that has been the traditional problem with polypropy- 
lend and we're quite optimistic that this will give every- 
body a better polypropylene separator. 

On last comment is that at this point we are not in a 
commercial situation. We are still in an advanced develop- 
ment stage. We are making the material on a pilot basis and 
it will be rather more than a year before we are in a posi- 
tion to supply this material commercially. But during this 
period we are certainly very happy to work with people and 
supply samples and tailor the product to whatever degree is 
necessary. 

That is really all I have to say. 

IIALPERT: Any questions? 

GASTON: I just have one comment. You mentioned the 
wet-out characteristics. In the aerospace battery business 
we're not interested in fast wet-out. That got us into 
difficulty with the nylon several years ago, so that is not 
the most important criterion. 

The next thing is I have a question. You referred to 
lead acid batteries. Do you also use polypropylene? 

PALMER: No, we don't use them-- Excuse me. We are 
developing a separator for lead acid which would also be 
polypropylene. We have pretty well homed in on that material 
as the best material for a combination of chemical and physi- 
cal and economic reasons. So although in principle we can 
make this type of material with a lot of different polamers, 
polypropylene is going to be the principal material, and we 
are developing separators, polypropylene separators, for 
lead acid batteries. 

GASTON: Is it possible to combine this with the sampl- 
ing that is going on for nickel-cadmium cells? It might 
make it then,dollar-wise,more attractive for use in both 
types of batteries. Could the same separator, the same type, 
be used for niokel-cadmium? 



PALMER: No, not precisely. 

GASTONt If it could, it would be advantageous. 

PALMER: Well, let me say in this regard that because 
of the volume consideration, there is no way you could justi- 
fy the venture on the basis of nickel-cadmium alone, and 
this is perhaps why we're only just getting into the nickel- 
cadmium business, Is because until we had a product that had 
some commonality, we couldn't justify developing a separate 
product . 

But having done so, you can say that the lead-acid 
business will justify the basic economics and ?hen, as a 
separate product which admittedly has to be optimized for 
nickel-cadmium, you can develop the separate product. This 
is our approach and this is what we've done. 

There are differences for nickel-cadmium, obviously, 
in terms of not only thicknesses and so on, but wetting 
systems are different and optimized for the KOH and so on. 
But the basic process will apply to both. 

GASTON: Now I have one more comment. I found the 
Eercules nicrofiber was a little brittle. It is difficult 
to handle, particularly in larqer cells. It might Sc im- 
portant. 

If the fiber is too brittle, too fine, it might fall 
apart if you tried to wet the material -- 

PALMER: I think it is a good cownent. Let me say that 
we are working to improve the strength but, like IIerculon, 
I don't have any size numbers of comparison whether we 
are stronger or weaker. But in general, this type of 
material will not have the high strength, the higher strength 
of the more conventional fibers. 

~t's a characteristic of the fiber-making process 
which does not have the cold draw in it and hence it will be 
weaker; there's no two ways about it, and it is foolish to 
pretend that it will be otherwise. 

We believe from what we've done and from what we've 
learned so far that we can meet satisfactory levels of 



s t r e n g t h  f o r  peop le ' s  manufactur ing o p e r a t i o n s .  

KLEIN: Can you t e l l  u s  what t h e  s u r f a c t a n t  is and how 
s t a b l e  t h a t  i s  i n  t h e  KOH environment? 

PALMER: Sure.  A c t u a l l y  what I ' l l  te l l  you is  some of  
t h e  types  of  s u r f a c t a n t s  w e  use .  I ' m  n o t  going t o  t e l l  you 
s p e c i f i c a l l y  which ones ,  b u t  r e f e r r i n g  to  t h e  p a t e n t ,  
t y p i c a l l y  what w e  have used is non-ionic s u r f a c t a n t s  o f  t h e  
epoxy type.  

I t h i n k  i f  you want, I can  r e f e r  you t o  t h i s  p a t e n t  and 
you w i l l  g e t  a list o f  t h e  t y p e s  of m a t e r i a l s  t h a t  have been 
t e s t e d ,  which a r e  g iven  as examples. I can  g i v e  t h e  number. 
The number is  3847676. 

I t h i n k  it r e a l l y  i n  a sense  is  t h e  t e x t  o f  my t a l k .  
You w i l l  f i n d  a l o t  more d e t a i l  t h a t  is worth g i v i n g  i n  t h a t ,  
and t o  fo l low up on your q u e s t i o n  i n  terms of s t a b i l i t y ,  a l l  
ev idence  w e  have is t h a t  t h e s e  m a t e r i a l s  are s t a b l e .  We 
have s e l e c t e d  them w i t h  t h i s  i n  mind. 

Like  a l o t  o f  t h i n g s ,  t h e  u l t i m a t e  test -- I won't  s ay  
t h e  a c i d  test ,  b u t  t h e  a l k a l i n e  test ,  i f  you l i k e  -- 

-- is  s e v e r a l  y e a r s  down t h e  p ike .  But a l l  o u r  tests say  
i t ' s  f i n e ,  b u t  t h a t ' s  n o t  t h e  problem. 

IIALPERT: I t h i n k  I want t o  make j u s t  one comment. Tom 
t e l l s  m e  t h a t  samples of  t h a t  material have been g iven  t o  t h e  
Bureau o f  S tandards  f o r  e v a l u a t i o n .  The r e s u l t s  have a l r ehdy  
appeared i n  t h e  l a t e s t  NBS Report.  



VI.5 SOME ASPECTS OF GLASS/METAL INTERFACES IN SEALS: 
P. MAYER/ONTARIO RESEARCH 

Okay. The next speaker, to move from the separator 
material to the seals, Peter Mayer of the Ontario Research 
Foundation is going to give us some aspects of glass-metal 
interfaces in seals for nickel-cadmium batteries. 

MAYER: I really don't know how to introduce this talk 
because, as you understand, I was not present at the previ- 
cus workshops. But the glass-to-metal seal was flagged 
down for Ni-cad battery application. 

We looked into these problems of the properties, or 
the change in the properties of the alass-metal interface 
in the seals for Ni-cad applicat.ions specifically as to how 
these interfaces react in 30 percent KOH aquaeous solutions. 
The reason for this was, first, it was challenging, 
because there's a common opinion that this is the weakest 
part, the glass-metal seals, for application to Ni-cad 
batteries. 

Second, glass-to-metal seals are much cheaper, much 
more econonically made than ceramic-to-metal seals. And 
as I understand from talking to various people yesterday, 
thc ceramic-to-metal seal is ovcrengineered, it's too 
safe for various lower-cost applications. Therefore we 
looked at this problem again. This paper is co-authored 
by Mr. Lackner from the Defense Research Board of Car.ada 
and Cr. Murphy and Dr. Topping from the Ontario Research 
Foundation. 

(Slide 140.) 

The first slide shows our experimental set-up. 

The first objective of the work was to investigate 
the reactions between the glasses and metals. number of 
mechanisms have been postulated in the past, but direct 
experimental confirmation of these reactions was not pub- 
lished. So we set up a EMS cell where we used glass melt 
at high temperature and we imnersed two metal elect.rodes 
into these glass melts. 



One o f  them, t h e  metal, w e  were looking  f o r  t h e  reac- 
t i o n  wi th  g l a s s e s .  The second was p la t inum which a c t e d  i n  
t h i s  c a s e  a s  a psuedo-oxygen e l e c t r o d e .  

( S l i d e  1 4 1 .  ) 

Thi s  s l i u e  shows some r e s u l t s  of  o u r  exper iment  where 
you can see E W  measured by us ing  t h e  expe r imen ta l  s e t u p  on 
t h e  p rev ious  s l i d e  as a f unctioll of cor .c~ntral ion,  i n  t h i s  
c a s e  of  n i c k e l  o x i u e  i n  soda d i s i l i c a t e  g l a s s  a t  v a r i o u s  
tempera tures .  

( S l i d e  1 4 2 . )  

T h i s  s l i d e  shows EM? measured aga in  i n  soda  d i s i l i c a t e  
g l a s s  a s  a f u n c t i o n  of c o n c e n t r a t i o n  o f  c o b a l t  o x i d e  t h i s  
t i m e ,  and a s  a f u n c t i o n  of  t empera ture .  

'i'his s l i u e  shows t h e  o v e r - a l l  ce l l  r e a c t i o n  which is 
i d e n t i  f i c d  iro1.1 t h e s e  exper iments  . ;Jot s u r p r i s i n g l y ,  t h e  
combined r e a c t i o n  is  a s imp le  o x i d a t i o n  of  me ta l ,  i n  t h i s  
case tile cat i~ot ie ,  t o  i o n i z e  t o  e n t e r  tile g l a s s  as  a p o s i t i v e  
ca t io r i ,  a s  a c a t i o n  and g i v i n g  away e l e c t r o n s .  

These e l e c t r o n s  a r e  recombining a t  t h e  p o s i t i v e  elec- 
t r o d e .  The oxygen is absorbed by t h e  g l a s s  m e l t .  

These exper iments  have shown t h a t  t h e r e  i s  a cons ide r -  
ab ly  l a r g e  d r i v i n g  f o r c e  f o r  t h e  r e a c t i o n ,  Tor t h e  oxida-  
t i o n  r e a c t i o n ,  o c c u r r i n g  i f  g l a s s  and molten me ta l  a r e  
brought  t o g e t h e r  a t  h igh  tempera ture .  aecause  i t  is  a 
t he rn~odynan ica l ly  u n s t a b l e  s i t u a t i o n .  A s t a b l e  s i t u a t i o n  
would be meta l  ox ide  d i s s o l v e d  i n  a g l a s s  o r  metal oxide-  
g l a s s ,  s o l u t i o n  of t h e  g l a s s  and t h e  ox ide .  

However, t h e s e  r e a c t i o n  mechanics a r e  cs t a b l i s h e d  f roln 
thc EP1P t e chn ique  which i s  a no -cu r ren t  t echn ique ,  which 
means t h e r e  was no c u r r e n t  going between t h i s  and t h i s ,  
t h e  e l e c t r o d e s ;  t h e r e f o r e  t h i s  is a thermodynamic e q u i l i -  
brium. Only t h e  d r i v i n g  f o r c e s  behind t h e s e  r e a c t i o n s  were 
measured. 





I n  a c t u a l  g l a s s - t o - m e t a l  s e a l i n g  p r a c t i c e  t h e s e  g a l -  
v a n i c  cells are s h o r t e d  t h r o u g h  t h e  g r a p h i t e  jig, and there 
some c h a n g e s  i n  r e a c t i o n  mechanisms are o c c u r r i n g .  The 
d r i v i n g  f o r c e  b e h i n d  t h e  r e a c t i o n  is s i m p l e  o x i d a t i o n  o f  
metal t o  t h e  o x i d e .  However b e c a u s e  o f  t h e  m o b i l i t y  o f  
t h e  a l k a l i  i o n s  i n  t h e  g l a s s ,  t h e s e  are moving a n d  h a v e  a 
v e r y  l a r g e  electric p o t e n t i a l  toward t h e  anode ,  i n  a c t u a l  
s e a l i n g  p r a c t i c e  i t  c o u l d  b e  t h e  more normal  p a r t  o f  t h e  
seal.  

T h i s  s l i de  shows t h a t  b e c a u s e  o f  t h e  h i g h  c o n c e n t r a -  
t i o n  o f  t h e  a l k a l i s  a t  t h e  anode i n t e r f a c e  new compounds 
which are e a s i l y  s o l u b l e  i n  w a t e r  o r  30 p e r c e n t  KO11 are form- 
i n g .  

An a d d i t i o n a l  e f f e c t  is i n c r e a s e  i n  a l k a l i  c o n c e n t r a -  
t i o n  a t  one o f  t h e  m e t a l - g l a s s  i n t e r f a c e s  i s  c a u s i n g  
c r y s t a l l i z a t i o n  o f  t h e  y l a s s ,  which r e s u l t s  i n  a f o r m a t i m  
o f  v e r y  low c o r r o s i o n  r e s i s t a n t  r e s i d u e  o f  y l a s s  a t  this 
i n t e r £  a c e  a g a i n .  

'Ilie n e x t  o b j e c t i v e  o f  cti- i l l v c s t i g c t ~ o n  was t o  i n v c s t i -  
gaix how thc c o r r o s i o n  p r o p t ,  ,-#.s o f  t h e  comioii s c a l i n g  
g l a s s  are ckialrying w i t h  a d d i t i o n  o f  t r a n s i t i o n  metal o x i d e  
s i n c e  t h i s  s i t u a t i o n  o c c u r s  a t  t h e  n e g a t i v e  e l e c t r o d e .  

T h i s  s l i d e  shows t h a t  w i t h  a d d i t i o n  o f  n i c k e l  o x i c c  tu 
t h e  common s e a l i n g  g l a s s ,  you c a n  see t h a t  t h e  r c s i s t a r i c u  
Lo t h e  KO11 c o r r o s i o n  a t  90° -- t h e s e  a r e  t h e  two ter~pcr-a- 
t u r e e  w c  are i n v e s t i g a t i n g  f o r  t h e  r e a c t i o n  k i r l c t i c r ; ,  tills 

is tir,~e and t h i s  is t h e  r a t e  l o s s  i n  milligrams p e r  s q u a r e  
a r e a .  And what  w e  found is  t h a t  n ic i .c l  a u d i ~ i u n  is u ~ c ~ - L ' ~ s - .  
i n g  q u i L e  c o n s i d e r a b l y  tile r e s i s t a n c e  o f  tile g l a s s  t o  LiiC 

I d h l  c o r r o s i u n  . 
(S l i de  145.  ) 

A s i m i l a r  e f f e c t  is f o u n d - a s  shown h e r e  by a d d i t i o n  of 
c o b a l t  o x i d e .  OE c o u r s e  t h e  e f f e c t  is n o t  as pronounceci. 



( S l i d e  146.)  

T h i s  s l i d e  shows t h e  e f f e c t  o f  the a d d i t i o n  oL' i.e O 
t o  t h e  g l a s s ,  o r  tire inFluerlce on  c o r r o s i o n  r e s i s t a n c e  2 3 

t o  30 p e r c e n t  KOtl .  

I n  a l l  t h r e e  c a s e s  w e  found t h a t  tile c o r r o s i o n  r e o i s -  
t a n c e  of  t h e  g l a s s  is d e c r e a s i n g  by i n c r e a s i n g  t h e  concen- 
t r a t i o n  of  t r a n s i t i o u  m t a l  o x i d e  i n  t h i s  y l a s s .  Anu Lrorii 
t h i s  we concludeci t h a t  t h e  r ea son  wily s o ~ ~ r c  g l a s s - t o - m e t a l  
s e a l s  f a i l e d  i f  they  a r e  a p p l i e d  i n  nickel-cadmium b a t t e r i e s  
i s  there is a formaticm of t h i s  h igh ly  s o l u b l e  a l k a l i  s i l i-  
c a t e  compounds a t  one o f  t h e  i n t e r f a c e s .  

We have i n v e s t i g a t e d  f u r t h e r  t h e  i l ~ f l u e n c e  of t r a n s i -  
t i o n  m e t a l  oxide on t h e  s e a l i n g  y l a s s .  

( S l i d e  i 47 . I  

Th i s  s l i d e  shows a h y p o t h e t i c a l  c a s e  taken  from a  
pape r  by Liosyue, where he shows t h e  adherence  o f  t h e  g l a s s  
t o  t h e  me ta l  i s  increased by i n c r e a s i n g ,  ur s a t u r a t i o n  -- 
Liy i nc rca s i r l g  tne cor icc i~~t ra t ic rn  t o  t h e  s i i t u ~ i i ~ i 0 1 1  po i i l t  of 
t h e  q l a s s  by t h e  ox ide  of t h e  s lhstrate  meta l .  Le can  see 
i n  a l l  c a s e s  t h e  c o n t a c t  a n g l e  Lron~ t h e  u rop  ~ c s t  was Jcc- 
c r e a s i n g  wi th  t h e  i r ~ c r e a s i n g  of t he  oxicre c o n t e n t  i l l  t h e  
soda  d i s i l i c a L e  g l a s s .  

ilowever, l ook ing  a t  t h e  r:~ociifieci Uupre e q u a t i o n  
which is  shown on t h e  n e x t  s l i d e  -- 

--we can  see t h a t  n o t  on ly  do i n t e r f a c i a l  e n e r g i e s  p l a y  
a role of adherence  of  g l a s s  t o  m e t a l ,  b u t  a l s o  t h e  d i f f e r -  
elice i n  t he rma l  c o n t r a c t i o n  f ronl t h e  s e a l i n g  t empera tu re  t o  
t h e  room tempera ture .  

And w e  have found very  i n t e r e s t i n g  r e a s o n s  which are 
shown on t h e  n e x t  t h r e e  s l i d e s .  

( S l i d e  148. ) 
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The expansion c o e f f i c i e n t  of t h e  aoda d i s i l i c a t e  g l a s s  
i s  changing by a d d i t i o n  of t r a n s i t i o n  me ta l  ox ide .  I t  could 
be shown t h a t  t h e  t h c m a l  c o n t r a c t i o n  ~ r i s r n a t c ! ~ ~  i f  t h o r a  is 
no n i c k e l  ox ide  present i n  t h e  soda d i s i l i c a t e  g l a s s ,  f o r  
c x m p l c ,  would b c  i n  a c c e s s  of  a thousand p a r t s  p e r  n i l l i o n .  
!lowevert as we approach t h e  s a t u r a t i o n  p o i n t  of n i c k 1  i n  
t h e  soda d i s i l i c a t c  g l a s s  t h e  d i f  fercnce i n  t !~er :~al  c o n t r a c -  
t i o n  t ~ o u l d  Gc lens t h n  17n p a r t 3  ?er ~ i l l i m .  

"'his vould noan -- i n  common s e a l i n g  l j r~ct ice  t h i s  
would i n d i c a t e  good the rma l ly  matched g l a s s  t o  metal seal .  

This s h a m  a s i m i l a r  effect of c o h a l t  oxitlc on t h e  
thcrwl. cx?ansion c w f f i c i e n t .  



?IAYER: The dec reas ing  c o r r o s i o n  r a t e  would i n d i c a t e  
b e t t e r  r e s i s t a n c e  of t h e  s e a l .  

COIUXTT: So h i g h e r  c o n c c n t r n t i o n s  a r c  b e t t e r ?  

iiAYLR : Yes ; because 1:OM a t t a c k s  common s e a l i n g  g l a s s ,  
m i a l p  i n  t h e  s i l i c a  network. So by a d d i t i o n  o f  t h e  
h igher  cha rge  c a t i o n s  t h e  c o r r o s i o n  r a t e  goes  down, and 
t h e r e  is less chance f o r  !;OIi a t t a c k  of  t h e  s i l i c a .  

COWETT: liavc you had some o p p o r t u n i t y  to  b u i l d  some 
s e a l s  s i n g  t h i s  k ind  of approach? 

? (  A l E R :  + Y e s .  And w e  a r e  t e s t i n g  them a t  t h e  p r e s e n t  

t h e .  I am n o t  pro;>arcit Lo r e p o r t  any r e s u l t s  y e t .  

.,, +- P.,I~LRS: You poin'ed o u t  t h a t  t h e  c o e f f i c i e n t  of 
ex:>ansion between t h e  meta l  and q l a s s  match. I d o n ' t  +-hink 
t ! ~ a t  i n p l i e s  the necessa ry  n a t c h  over  t h e  e n t i r e  s e a l i n g  
ranye .  They match a t  whatever t empera tu re  you were po in t -  
ing o u t .  

i :  \ ' A t  t h e  e a s e l )  Th i s  is  t h e  t empera tu re  and 
t h i s  is t h e  changing l e n g t h  p e r  u n i t  l e n g t h .  L e t ' s  s ay  
t h a t  t h e  cu rve  looks  l i k e  t h i s ,  and t h e  p o i n t  which w e  a r e  
u s u a l l y  cons ide r ing  i n  t h e  g l a s s - to -me ta l  s e a l i n q  i s  the 
so -ca l l ed  Ts where t h e  g l a s s  becornes r i g i d .  So t h e  s e a l i n q  
is done a t  a  much hicjher t e n p e r a t u r e .  And t h e  seal, t o -  
q e t h e r  w i t h  t h e  g l a s s ,  i s  co6led  from t h i s  t empera tu re ,  an? 
the  stresses a r e  se t  up d t  t h i s  p o i n t .  

Now t h e  me ta l  can c o n t r a c t  no re  o r  less. But t h e r e  i s  
an acceptcd  f a c t o r ,  o r  accep tcd  s o r t  o f  l i n i t  f o r  matched 
s e a l s  i n  g l a s s - to -me ta l  s e c l i n g  p r a c t i c e .  For t h e  matched 
s e a l  t h e  thermal  c o n t r a c t i o n  d i f f e r e n c e  should  be less than  
100  p a r t s  p e r  m i l l i o n ,  which is t h e  d i f f e r e n c e  he re .  

For a compression s e a l  t h e  l i n i t  i s  about  1000 p a r t s  
pe r  m i l l i o n .  





STOFCL~ I hold in my hand a plastic type compression 
seal. This ueal is cheap, easy to make, and is very versa- 
tile. Can anyone tell me why it's no good? 

CORBETT: It's too cheap. 

IIAYER: The bonds in organic seals, glass-to-metal, 
ceramic-to-metal seals, are formed at high temperature. 
The activation energies for formation of these bonds are 
very high. And usually the bonds are of two types: co- 
valent or ionic. 

In the case of a mechanical seal by the best estiKatinn 
it would be a Van der Waal type of bonding between the 
metal and the plastic. And we know the Van der Waal hcnt?s 
and many others arc l i k e l y  to  he lower i n  s t r c n c t h  t!mn 
co-valent or ionic. 

iiowevcr these  seals !lave definite acp! icaticrs Ccr 
specif ic  i)urposes. 

ORIGINAL P A G ~  1, 

OF POOR QU- 



with t h a t  seal. 

TO3D : ::nybe t h a t  ' s 

went out of business, t h e  battery h s i n c s s ,  kecsuse of tllc 
seal. They . l id t r y  to make sterilized w a l l  w1:ich c r i c i  
n o t  work. They tried t o  : ? a h  a p1asti.c s ca i  and it di6-i I X J ;  

work? 

EZN?JIc:A;I : I t  worked. 

:.Ic!IENRY: And they  went o a t  of lmsiness hccause cif 
t h a t ?  

1 1 1 1 :  IIow would you test T . 1 ,  ce l ls?  

But we've never  had one that failed, other  than  when 
the ~ u y  p u t  it i n t o  the oven and cookec? i t ;  which he's n o t  
supposed. t o  do. 

I've seen then f a i l  when you take a tort? t o  the--when 
you compress it and you f i n d  a l e a k  i n p u r  can a n 2  you t r y  
t o  weld t h e  l i d  hack on ,  after you compress t h e  s e a l .  ,lnG 
it w i l l  l e a k  i f  you heat it a f t e r  you conpress it. But  
you're supposed t o  weld the t o p  on and then crinp the s e a l .  

We've had them in t h e  o l d  T c l s t a r  b a t t e r i e s .  And I 
h a v e n ' t  looked i n  abovt t h r e e  or f o u r  y e a r s ,  b u t  they  want 
about  t e n  years w i t h o u t  a s i n g l e  l e a k e r .  A l l  ceramic 
s e a l s  and a l l  t h e  q l a s s  s e a l s  had f a i l e d .  

T h e r e  were f o u r  hundred g l a s s  seals, a l l  of which 
f a i l e d  i n  a few y e a r s .  The ceramic  s e a l s ,  within maybe 
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four  o r  f i v e  y e a r s  they were a l l  gone. Not a s i n g l e  one 
of  t h e  o t h g r  type  seal f a i l e d .  

They a r e  reasonabl,  cheap t o  make. Now making one of 
them is  r e a l  expensive: you have t o  make a mold. J u s t  mak- 
ing  one can of bae r  is awful ly  expensive,  too.  I f  you want 
6x1 over  r a d i c a l  2 ounces of  beer, t h e  guy would have t o  -- 
he cou ldn ' t  make it, n o t  one. J u s t  c h a n g i q t h e  s i z e  of a 
can of beer  would make it t e r r i b l y  expensive. n u t ,  you 
know, i f  you make them by t h e  thousands and m i l l i o n s  i t ' s  
a l o t  cheaper i f  you want t o  make t h a t  many. 

I guers Eor about  t e n  d o l l a r s  apiece you can make t h e  
s e a l s  i n  a very a n s l l  amount, 100 o r  209 ,  something l i k e  
t h a t .  And tbc th ing  works perf cctlv f inc. 

JOE SC!IUl;i>\i,': Over a long per iod  of t i ne  won't jasscs 
lcair. out? 

E?c:IENRY: I 've done a little loo!:inr; at - -  Ye p u t  t h e 2  
cn t h e  helium Lea!? t ~ s t ,  Yaa canr.ot de tec t  it. 



tera we do i n i t i a l  leal: i e s t i n y  with a 5eliun leak datect- 
i n g  device.  Yhen vre'rt.- ruisning cells  t ! i t i t  have a f i n i t e  
q u a n t i t : ~  oaf hl;'c\rogen i n  then. And t.;e 're not l o s i n g  hydro- 
yea.  

Yhca w e  a l s o  do some l e a k  t e s t i n g  a f t c r  we've run  t5e 
cel l ,  just for Iicliurn leait rate. 

As far as we're c o n c ~ r n e d ,  the seals work very  w e l l  
i n  a l l  respects. 

IIALPCRT: I 'd l i k e  to go on to  o u r  next s u b j e c t .  

UCLIIYXU4: Lc t  rle ask a q u e s t i o n .  

A r e f e r e n c e  was made t o  t h e  Jet Propu l s ion  Labora tory  
and the 2iegl::r seal .  I would like t o  cicntion ",at as a 
p a r t  of JPL's r e s p o n s i b i l i t y  t o  NASA Eor its deep space  
minsion w e  arc looking  a t  long l i f e  batteries, and some 
o f  t h e  c a n d i d a t e  components vhich might be used i n  such  a 
battery. The Z i e g l e r  s c a l  is such  a c a n d i d a t e ,  and we 
!:sv?c? h a i  sor:c headers h u i i t  wi t? :  sucT.1 : : Q Y ~ S  ar:i wc are 
incur,)or,3ti,1c; t!icrfse i n t o  d c t u a i  cell:;. 

'i':i~ I~cadax w!l.icl~ Si;cc!:z2 ;;howec: c\. fa.1 - . ;U:~O~~LS aye, S 
b c l i e v e ,  is one which he  has b u i l t  f o r  J P L .  To d a t e ,  t h e  
c o s t  of f ab r i ca t inc j  such a header h a s  been l o w  and t h e  pro- 
cedure  has been s imple .  IJc hope to  p r e s e n t  d a t a  on t h e s e  
cells a t  t h e  next GSE'C workshop. 

Frc l i rn inary  test  d a t a  on the i n t e g c i t y  of t h e s e  s e a l s  
have been r e p o r t e d  i n  a J P L  p u ? ) l i c a t i o n  a v a i l a b l e  t o  any 
i n t e r e s t e d  personnel ;  t h e  r e s u l t s  conf i rm t h e  d a t a  pub l i sh -  
ed by B e l l  pe r sonne l  i n  t h e  J o u r n a l  of t h e  E lec t rochemica l  
S o c i e t y .  

11AL13ERT: Harvey Frank has a r e p o r t  on some of t h i s  work 
i n  a J P L  r e p o r t .  

FORD: One p o i n t  I want t o  r.~ake: We buy cells, and w e  
buy a complete  assembly.  I buy cells from t h e  manufac turer  
t h a t  o f f e r s  them to  us, and w e  u s u a l l y  buy t h e n  w i t h  the 
headers t hey  o f f e r  . 



NOW would a manufacturer  s t a n d  up and t e l l  me t h a t  
I can  buy a cel l  w i t h  a Xiegler  seal on it  today? 

That ' s  when we '11 U s e  then ,  when you can go t o  t h e  
manufacturer  and bay cells w i t h  Z ieg le r  s e a l s ;  t h a t ' s  when 
y o u ' l l  f i n d  t h a n  coming i n t o  aerospace ,  and n o t  be fo re .  

There ' s  a l o t  been s a i d  about  t h e  technology. I d o n ' t  
t h i n k  t h e  technology is even i n  question. But t h e  commerci- 
a l  a v a i l a b i l i t y  is what the q u e s t i o n  is  on the Z i e g l e r  
s e a l  today. And when I t  becomes commercially a v a i l a b l e  on 
??icad cells y o u ' l l  see them p u t  i n t o  use. 

RALPERT: Okay. Thank you, Floyd. 

I'd like t o  g 3  into t h e  nex t  subject, otherwise we're 
no t  going t o  g e t  our work accomplished. 

:loving now i n t o  a n a l y s i s ,  the next s2eaker is Cert 
Van O~mer inq  from CT)!!SAT who is qoing t o  t a l k  about his 
analysis of cadrniun plates .  



1 6 ANALYSIS CF CADMIUM PLATE5 : VAN OPMERING/COMSE.T 

VAN OMMERING: I j u s t  want t o  clear up a probiem t h a t  
came up y e s t e r d a y  concern ing  carborate bui ldup i n  cells 
s t o r e d  p a s s i v e l y  f o r  some p e r i o d  of t i m e .  

Dr. S c o t t  p r e s e n t e d  some numbers t h a t  showed c a r b o n a t e  
i n  t h e  o r d e r  of  25 t o  30 and 35 e q u i v a l e n t  p e r c e n t ,  and J i m  
Dunlop s t o o d  up and s a i d  t h a t  w e  saw o n l y  about  1 0  o r  11 
p e r c e n t .  I t  t u r n s  o u t  we're t a l k i n g  abou t  d i f f e r e n t  percent- 
ages .  Ours a r e  s imp le  weight  pe rcen tages  on t h e  b a s i s  of 
t o t a l  e l e c t r o l y t e  weight .  

I d i d  a qu ick  c a l c u l a t i o n  on o u r  numbers, and it turns 
o u t  t h a t  i f  we do it on  a n  e q u i v a l e n t  p e r c e n t  b a s i s  w e  see 
l e v e l s  of  about  25 p e r c e n t  c a r b o n a t e  i n  cells t h a t  have 
been s t o r e d  s h o r t e d  f o r  t h r e e  years. And  it v a r i e s  frm 
about  25 t o  27.  So i t ' s  p r e t t y  nuch i n  t h e  s ane  range  t h a t  
you were t a l k i n g  about .  W e  see t h e  same k ind  of l e v e l  a l s o  
i n  cel ls  t h a t  w e  s t o r e d  open f o r  t h e  same amount o f  t i m e .  

So what we're conc luding  from t h a t  -- and whether i t ' s  
a 100 p e r c e n t  v a l i d  conc lus ion  we're n o t  q u i t e  s u r e  -- i s  
t h a t  t h i s  c a r b o n a t e  is coming from p l a t e s  and i s  s lowly  
l e a c h i n g  o u t  w i t h  t i m e .  Even though f o r  some peop le  it is 
n o t  t h a t  c l e a r  t h a t  it can  happen. But i f  you look a t  it 
thermodynamica1l.v it w i l l  a v e n t u a l l v  hantxn. The tendencv 
is t h e r e  f o r  t h e  c a r b o n a t e  to  move o u t  of t h e  p l a t e s  into 
t h e  e l e c t r o l y t e .  

( S l i d e  152.)  

On t h i s  g raph  w e  show on t h e  t.op cu rve  some of  t h e  
d a t a  tha t .  w e  have p r e s e n t e d  b e f o r e  on c a r b o n a t e  i n c r e a s e  i n  
cel ls  t h a t  have been run  i n  t h e  I n t e l s a t - 4  r e a l  t i m e  simu- 
l a t i o n  tes t .  The  t o p  cu rve  g i v e s  t h e  numbers t h a t  w e  pre- 
s e n t e d  t o  measure a  r a t e  of abou t  1.16 grams p e r  y e a r  
i n c r e a s e .  

I t ' s  i n t e r e s t i n g  t o  n o t e  t h a t  i f  YOL look a t  t h e  
legend a t  t h e  bottom, t h a t  t h e  i n c r e a s e  t u r n s  o u t  t o  b e  
p r a c t i c a l l y  t h e  same f o r  c e l l s  t h a t  have been t r h k l e  
charged a s  compared to  cells t h a t  have been s t o r e d  open 



c i r c u i t  during t h e  s to rage  season. I n i t i a l l y  it looked 
l i k e  the t r i c k l e  charged cell8 were bui lding up carbonate 
much f a s t e r  than t h e  open c i r c u i t  cells were. That must 
have been t h e  i n i t i a l  r c a t t e r i n g  data.  It  looks l i k e  
everything works ou t  p r e t t y  w e l l ,  and you can draw a beaut i -  
f u l  s t r a i g h t  l i n e  f o r  t h i s .  

Then w e  4 s o  draw a b e a u t i f u l  curved l i n e  through j u s t  
about t h r e e  po in t s  which describe t h i s  pars ive  s torage.  
Those are the  i n i t i a l  po in t s  r i g h t  on a ' Y e  a x i s  here. 
Those are measured i n i t i a l l y  on new cell6. The carbonate 
l e v e l  is about 5. 

And these  l i t t l e  dashes here  show po in t s  t h a t  were 
measured on cells t h a t  had been stored f o r  respec t ive  t w o  
and th ree  years.  We drew kind of  an a r b i t r a r y  curve through 
t h a t  and subtracted t h a t  curve from the top  one, and we came 
up w i t h  a car rec ted  l i n e  a t  t h e  bottom which shows t h e  
ac tua l  increase  of  about .82 grams pe r  year  t h a t  w e  can at- 
t r i b u t e  t o  some type of oxidat ion t h a t  occurs i n  the cell. 
And t h a t  number f i t s  p r e t t y  w e l l  wi th  t he  precharge data 
t h a t  w e  have on t h e  cells a l so ,  The increase  i n  precharge 
is very low. 

So t h a t  sets t h a t  s t r a i g h t .  

The o the r  s t o r y  t h a t  I have concerns t h e  cadmium 
e lec t rodes  i n  cells t h a t  w e  have taken ou t  of t h e  real time 
test t h a t  we're running. For people who haven' t  been here  
before,  let  me b r i e f l y  say we're running a real t i m e  test 
on nick-cadmium b a t t e r i e s .  One pack o f b a t t e r i e s  is s to red  
i n  a s to rage  season between ec l ip ses ,  open c i r c u i t ,  wi th  
per iodic  recharge every t h i r t y  days. Another pack is 
t r i c k l e  che,ged continuously during t h e  s to rage  season. 
And t h e  e c l i p s e s  t h a t  are run a r e  exac t ly  t h e  same. The 
tests are pr imari ly  intended t o  evaluate  t h e  e f f e c t s  of 
var ious  s to rage  modes and t o  see whrther they have any 
detr imental  e f f e c t  on t h e  ba t te r ie~  which would l i m i t  their 
l i f e  i n  o r b i t .  

W e  r ecen t ly  took some cells o u t  of these  tests. 

(Sl ide  153.1 



I n  t he  t r i c k l e  charge t e a t  wa see t h i s  kind of behavior 
during the  ec l ipse .  The p o i n t s  t h a t  are marked t h e r e  show 
t h e  higheat  cell o f  t he  f i v e  cells t h a t c r e  remaining i n  t h e  
test i n  te-s of vol tage a t  t h e  end of t h e  longest  e c l i p r e ,  
ox i n  tern8 of vol tage a t  the end of  the e c l i p s e  diraharge.  

The lowest po in t  a t  each a c l f p s e  day shows t h e  lowest 
cell i n  t h a t  group. And t h e  l i t t l e  dot8 i n  t he re  are t h e  
average f o r  t h e  f i v e  cells i n  the pack. 

The spread here  f o r  t h e  t r i c k l e  charge cell  is f a i r l y  
small. I t  looks l i k e  i t ' s  a h u t  a 30 -mi l l i vo l t  d i f fe rence  
maximum f o r  the e i g h t  po in t s  between t h e  b e s t  t op  c e l l  and 
t h e  lowest cell. And the average vol tage f o r  t h e  longest  
e c l i p s e  day is about 1.17, which is  f a i r l y g o d ,  e spec i a l l y  
i f  you compare it w i t h  t h e  packs t h a t  had been storaged i n  
open c i r c u i t  mode. 

You m e t e  t he  r e s u l t s  a r e  a l o t  more erratic. Apparently 
there's one c e l l  t h u t  looks very good, and t h a t  shows a 
very n i ce  smooth curve t he re  a t  t he  top. That one is per- 
forming f a i r l y  w e l l .  But t h e r e  is a considerable amount of 
s c a t t e r i n g  i n  t he  da t a  on t h e  worst cell ,  and the  spread i s  
q u i t e  s ign i f i can t .  It 's more l i k e  200 m i l l i v o l t s ,  whereas 
it was 30 m i l l i v o l t s  on t h e  o ther  test. 

Also, t he  average vol tage found i n  t h e  longest  e c l i p s e  
day is something l i k e  1.10 ins tead  of 1.17. 

This ahow t h a t  the open c i r c u i t  s to rage  does have 
some bad e f f e c t s .  The l i t t l e  do t s  t h a t  a r e  c i r c l e d  here  
i n  these  two graphs show the  value of the voltage f o r  t he  
p a r t i c u l a r  cell  t h a t  w e  pul led o u t  of  each test i n  t h e  
most recen t  seasons. 

(S l ide  155.) 

This shows the  di rcharge curves on those two cells 
p lus  t h e  discharge curve on t h e  new cell whioh was run a 
long time ago. 





The t o p  curve here  is f o r  t h e  new c e l l .  The o ther  two 
curves -- t h i 8  is f o r  the t r i c k l e  charged cell run a t  t h e  
same r a t e ,  the same kind of test. You see t h e  c, pac i ty  was 
decreased q u i t e  s ign i f i can t ly .  And the  vol tage loss is a l s o  
f a i r l y  large .  But it is not as bad as t h e  open c i r o u i t  cell 
which has l o s t  even more capaci ty  and mote voltage.  

These c e l l o  do seem t o  be negative l i m i t e d  t o  rme 
exten t ,  e spec i a l l y  t h e  open c i r c u i t  cell is negative limited 
when you go t o  discharge.  Although general ly  when you go 
i n t o  discharge you f ind  t h a t  you're generating both hydrogen 
and oxygen. So it is not  r e a l l y  a matter of t h e  capaci ty  no t  
being there. I t  is there .  You can use it; but  a t  a very 
low rate. You can ' t  r e a l l y  use t h e  capaci ty  a t  t h e  f u l l  
r a t e  t h a t  you would l i k e  to  use normally. 

The amount of oxygen t h a t  w e  generate over discharge 
does not  correspond exac t ly  t o  t h e  amount of  cu r r en t  we're 
put t ing  in .  

So e i t h e r  we're still discharging sama of t he  cadmium 
i n  the  p l a t e  electrochemically o r  we're recombining some of 
t he  oxygen t h a t  we generate i n  t h e  reverse  wi th  metallic 
cadmium t h a t  i s  around bu t  t h a t  f o r  some reaaon cannot be 
discharged electrochemically.  Maybe because i t ' s  drying o u t  
o r  something of t h a t  nature. 

We opened these  cells up f o r  complete chemical ana lys i s .  
And I ' m  no t  going t o  p resen t  everything here ,  because every- 
th ing has not  been q u i t e  completed. 

 his i n  not  much a very c l e a r  p i c t u r e  of cadmium 
p l a t e r ' f r o m  t h e r e  cells t h a t  were pul led out .  The one on 
the  l e f t  is a t r i c k l e  charged, one of  t h e  t r i c k l e  charged 
cells. I t  look8 f a i r l y  clean.  There is sow i r r e g u l a r i t y  
on t h e r e  that  kind of g o t  washed o u t  of t h e  p ic ture .  But 
compared t o  t h e  open c i r c u i t  s t o red  cell  it looks very 
clean.  There's p r a c t i c a l l y  no separa tor  s t i c k i n g  t o  t h e  
p l a t e .  I n  t h e  open c i r c u i t  call t he re ' s  an awftd l o t  of  
separa tor  t h a t  you rimply cannot get o f f .  



mara'r quik a b l t  of non-unifomity i n  thm opan cLr- 
o u i t  call. You a m  @ma a$paruntly M.rca are .ow high 
p r a r r w a  arnar, or high air  p n r r u n  UW, whue th. aloe- 
trcalya prufarably ir, andJIer8 porsibly tha oabraium mover 
around inor8 and kind of attaohor the  r8parator to tho plat.. 

The p o r i t i w  p l a t e r  look very g o d ,  They generally 
don't have any s e p u a t o r  r t i ck ing  t o  thrra. For the  t r i c k l e  
charged e e l 1  thay look very uniform i n  aolor, b e f o r  the  
open c i r c u i t  eel1 th8y show tho samr kind of p.tt.xn t h a t  
you sea on the cadmium plate .  ~t generally reem to ba 
roaewh~t  darker, t h e  area8 whare you 808 th. separator on 
the  oadrsium plate .  And there  twc thing8 g e m r a l l y  cover it 
wry w e l l .  I don't have any p ic turar  unfortunately, I 
didn ' t  bring any p la tes  e i t h e r ,  which I probably rhould have 
done. 

You saw there l i t t le l i n e r  drawn acrosm theme p la te r .  
There two par t icu lar  p la t e s  were c u t  up i n t o  twelve l i t t l e  
pieces because w e  raw thkr non-uniformity and w e  wanted to 
check out what actual ly  war happening i n  each of there  
rquares . 

We c u t  these things up and did a separatcr analysis  of 
each of those pieces. 

T h i s  mlide kind of refer8 to  tha t .  The same kind of 
pat tern is shown here. And this pa r t i cu la r  slide shows the  
thickness var ia t ion  across the p l a t e  am wall  am the  thick- 
nerd difference between *he open c i r c u i t  r torage and t r i c k l e  
charge storage. 

The upper numbers i n  blue are the  one8 t h a t  we  m a r u r e  
r i g h t  a f t e r  the  p l a t e  has been taken ou t  of the cell. You 
can sea t h a t  i n  the trickle charged cell the numbers are 
f a i r l y  uniform. There's r e a l l y  not very much differenca 
between the thicknesrer. Thir fr i n  hundredths of m i l l i -  
meters. 

On the open c i r c u i t  r torage c e l l ,  fo r  o m  thing the  
numbers a r e  sonrewhat higher, or q u i t e  a b i t  higher. And 



they a r e  lems uniform. You can ree i n  the  area t h a t  oor- 
responded t o  the  black area on the  2 l a t e  whare not  muah 
reparator was s t ick ing  t h a t  the  nunberm, the  thicknems 
number# a r e  f a i r l y  low. Of course people w i l l  say t h a t  t h a t  
i m  due t o  the  separator being there  on the  p la te ,  and you 
w i l l  automatically mamure a #&at thicker  p la t8  a t  that 
point. 

That's t tue .  But the rearon f o r  t h a t  18 t h a t  the  
cadmium did tor# ou t  of the  p l a t e  a t  thore points,  and it 
does a t tach  the  reparator: to the  plate .  So there  is an in- 
d ica t ion  here of cadmium migration h k ~ g  worms i n  c e r t a i n  
aream of the p l a t e  than i n  other  araam. 

A f t e r  extract ion of the p la te r  we again measured the  
thicknesr, And itB# mhown hare i n  the  bottom f igurer  t h a t  
a r e  colored i n  red. 

You can see t h a t  there i m  a s l i g h t  drop i n  thickners 
on the  trickle charged pSate, which you would probably 
expect, But i t 's f a i r l y  uniborm, And the  open c i r c u i t  
p l a t e ,  w e  f ind t h a t  the thicknear has increased tremendous- 
l y ,  and is p rac t i ca l ly  the  same am f o r  t h e  trickle charged 
p l a t e  after its extract ion ham bean done. So it show6 t h a t  
the center of the thing actual ly  does not expand; it is 
simply cadmium covered a l l  over it, and the  s i n t e r  e tayr  
i n t a c t  . 

(Sl ide 158.) 

W e  a l s o  did on these twelve meparate pieces a meamure- 
ment of the amount of cadmium t h a t  is i n  a discharged state 
i n  there various arear.  And again there was a very uniform 
d i s t r ibu t ion  i n  the t r i c k l e  charged plate .  Therc's a 
maximum of 5 percent difference,  

I f  you look a t  the open c i r c u i t  p l a t e  there 's  a much 
la rger  var iat ion,  And the  in teres t ing  thing is t h a t  there 
is more discharged material  i n  the areas  t h a t  were not 
covered with the  separator,  where the  separator did  not 
attach. That would a l m n t  indicate  t h a t  the place@ whrta 
tho meparator doerr not a t t ach  show a bott8r u t i l i r a t i o n  of 
caUmium a s  the  p l a t e  war discharge@, before the c e l l  war 



opened up. But you cannotbr 100 percent sure of that, 

There's also the possibility that this area war dry 
and that that was the reason why the separator did not at- 
tach there so much) that the other areas of the plater were 
utilized quite a bit, but simply cannot be utilized very 
far because of pore blockage, et cetera. So the actual 
utilization of the plate would take place in these areas 
that show bad migration. And then when you go into reversal 
and generate oxygen, then there's a fairly dry area of the 
plate which is at t h i s  point (indicating). It probably has 
a bit of charged cadmium in it, but it can fairly easily 
recombine with the oxygen that's around it. So at this 
point yo9 cannot really be quite sure of what is going on 
there. 

But we feed that the second explanation, the -ha- 
tion in reversal, is somewhat more likely. 

(Slide 159.) 

We took some of these plates and cross-sectioned them 
and looked at them under fairly high magnification. And 
this picture shows some interesting things. 

This is t2.o trickle charged cell. We cross-sectioned 
the plate, and IOU can see here on the top picture it shows 
an overall material distribution. You can see the center 
grid, a little piece of it, right there. And then we have=- 
We're kind of looking through a perforated h o L ~  kt #e 
thing. And here you see the sinter with the actual material. 

The middle picture shows the distribution of the 
cadmium. You can see it is really not very uniform, There 
are some areas where the cadmium accumulates much more 
strongly. But it doesn't look too bad. And you can also 
see that the outline of the plate is still very similar to 
the top picture. So practically there's no cadmiummming 
out of the side of the plate; which, of course, also is 
shown easily by the thickness measurements. 

So this just confirms what we already said. 





The bottom p i c t u r e  shows the  s i n t e r  bas ica l ly .  It shows 
t h e  d i s t r i b u t i o n  of  nickel .  And you would see, i f  you super- 
imposed these  two p i c tu re s ,  it would f i t  q u i t e  nicely.  

There are f a i r l y  b id  voids i n  the s i n t e r  which corres- 
pond to  the  high concentrat ion of cadmium; which is what 
you would expect. 

W e  were a l i t t l e  surpr i sed  t o  see t h a t  the s i n t e r  is  
t h a t  non-uniform and does have some big gaps. 

Now f o r  the open c i r c u i t  cell th ings  look a l i t t l e  dif-  
f e r e n t  . 

The top  p i c tu re  again shows the  o v e r a l l  d i s t r i b u t i o n  
of mater ia l .  You see the re ' s  q u i t e  a b i t  of s t u f f  ou ts ide  
t h i s  p l a t e ,  To g e t  a good f ee l ing  f o r  how much t h a t  is, 
you can compare the top  two p ic tures .  The middle one shows 
cadmium, the  bottom one shows nickel .  I f  you compare those 
two with t he  n icke l  you can see t h a t  t h e  same o u t l i n e  
e x i s t s  f o r  t h i s  edge h e - e ,  bu t  t h a t  t he re ' s  an awful l o t  of 
mater ia l  outs ide ,  which i s  very dense i f  you compare it to 
some of the  o ther  a r eas  wi thin  t h e  p i a t e .  

So it is very l i k e l y  t h a t  t h i s  con t r ibu tes  a l o t  to  
the  reduced u t i l i z a t i o n  i n  those a r eas  where t h e  migration 
is severe. There's a l o t  of blocking there .  

The thickness of t h i s  l ayer ,  you see, is something l i k e  
30 microns. It's q u i t e  a b i t .  

We took some sur face  p i c tu re s  of both types of p l a t e s  
t o  see what t h i s  material on t h e  ou ts ide  r e a l l y  looks l i k e .  
And we have two magnifications. 

One of them is-- I don ' t  know what t h e  magnification 
is, but  the  s c a l e  is shown here. On t h e  l e f t  w e  have t h e  
trickle charged cell, It 's not that easy t o  see, bu t  you 
can see t h a t  the  g ra in  s t r u c t u r e  is  f a i r l y  f i n e ,  f a i r l y  



mall g ra ins  around, r e a l l y  no b ig  one8 to be seen anywhere. 

On the open c i r c u i t  s to rage  ca l l  you can sea that the 
c r y s t a l s  are q u i t e  a b i t  l a rge r ,  You can see some of t h e  
f i b e r e  a l s o  embedded i n  the material on t h e  ou t s ide  of t h e  
p l a t e .  

Thia was kind of  i n t e r e s t i n g ,  so we blew it up a l i t t le 
b i t  more. And you see h o r r i b l e  things.  

(S l ide  163.) 

On the t r i c k l e  charged p l a t e ,  again ,  the c r y s t a l s  could 
be estimated a t  about 1 micron, which is not  p a r t i c u l a r l y  
huge. But on the  open c i r c u i t  p l a t e  w e  f i n d  some monsters. 

There's one which, i f  you compare the s c a l e ,  is almost 
40 t o  50 microns big ,  which is incred ib ly  huge. I don ' t  
th ink anywhere w e  have seen anything repor ted on cadmium 
r e c r y s t a l l i z a t i o n  where anybody showed c r y s t a l s  t h i s  b ig  i n  
an a c t u a l  cell. A t  least I haven't  seen anything. I know 
the re  has been a good b i t . o f  work done by F r i t z  W i l l ,  f o r  
ins tance,  on t h a t  kind of thing.  But those  were not  r e a l l y  
r e a l  e lect rodes .  And t h e  type of c r y s t a l  s i z e s  he was look- 
ing  a t  were on the  order  of 5 microns, which a l ready gave a 
f a n t a s t i c  reduction i n  capacity.  They were a c t u a l l y  non- 
useable. 

So here  w e  are bui lding up some real b ig  ones, And 
the  thickness of t h i s  one c r y s t a l  here  is about 30 microns 
t h a t  w e  measured a s  t h e  thickening on t h e  p l a t e ,  yo you 
can-see it has almost some s i n g l e  c r y s t a l s ,  or G big cry- 
s t a l  s i t t i n g  on the  ou ts ide ,  held onto t h e  p l a t e  by t he  
nylon, 

We're not  sure  y e t  what t h e  base s t r u c t u r e  is t h a t  you 
see  behind t h e  c r y s t a l s .  This sur face  could be hydroxide, 
it could be metallic cadmium. We're going t o  check t h a t  
out .  And you probably may hear about t h a t  next  year. 

So t h i s  i s  what w e  have been seeing,  and it j u s t  con- 
f irms what w e  have a l ready seen before ,  o r  have s a i d  before ,  
t h a t  the  open c i r c u i t  s torage does g ive  you problems i n  





terms of t h i s  cadmium migra t ion  much worse than t h e  t r i c k l e  
charged c e l l s .  Open c i r c u i t  s t o r a g e  looked good f o r  a  whi le  
because we thought t h e r e  was less carbonate  bui ldup w i t h  
t h e  open c i r c u i t  s t o r a g e  compared t o  t r i c k l e  charged. But,  
a s  you saw i n t h e  f i r s t  s l i d e  t h a t  I showed, t h a t ' s  n o t  r e a l l y  
t r u e  any more. And t h e r e  was probably some e a r l y  confusion 
i n  t h e  d a t a .  So t h a t ' s  n o t  r e a l l y  v a l i d  a t  t h i s  p o i n t .  

So it looks l i k e  open c i r c u i t  s t o r a g e  r e a l l y  d o e s n ' t  
have any advantage over  t r i c k l e  charge. T r i c k l e  charge 
seems t o  maintain t h e  p l a t e  i n  a  b e t t e r  manageable condi t ion .  

There is  some spread i n  vo l t age ,  a s  you can see from 
t h e  e a r l y  s l i d e s .    here's ssme l o s s  of capac i ty ,  some l o s s  
i n  vo l t age  a f t e r  something l i k e  f i v e  yea r s .  But it is s t i l l  
bearable  compared t o  t.he open c i r c u i t  ones. - - tha t  i s ,  t h a t  
t h e  t r i c k l e  charge is  q u i t e  a  b i t  b e t t e r .  

I guess t h a t  j u s t  about covers  what T wanted t o  t a l k  
about.  

IIALPERT : Any ques t ions?  

COIIN: Without doubting t h e  v a l i d i t y  of your d a t a ,  it 
reminds me i n  a  way of t h e  chemist who made t h e  experiments 
with skotch and soda i n  which he g o t  s k e r r i b l e  hangov*r, 
and bourbon and soda. And you know t h e  r e s t  of t h e  s t o r y .  

The message you were g iv ing  us  I b e l i e v e  was t h a t  you 
p r e f e r  t r i c k l e  charge s t o r a g e  over  open c i r c u i t  s t o r a g e .  
And t h e  message I would l i k e  t o  leave  wi th  you is ,  perhaps 
you ' re  oversimplifying th ings .  

As f o r  t h e  cond i t ions  under which you opera ted ,  t h e r e ' s  
no argument t h a t  your cond i t ions  f o r  t r i c k l e  charge s t o r a g e  
were b e t t e r  than your cond i t ions  f o r  open c i r c u i t  s to rage .  
However, one has  t o  know what kind of c e l l s  you used, how 
you t r e a t e d  t h e s e  cells,  and what cond i t ions .  And it may 
w e l l  be t h a t  an open c i r c u i t  s t o r a g e  wi th  d i f f e r e n t  t r e a t -  
ment of d i f f e r e n t  cells might g i v e  you t h e  e x a c t  oppos i t e  
conclusion than you have drawn from your d a t a .  

VAN ONMERING: I ' m  l i m i t i n g  my conclusion t o  t h i s  



p a r t i c u l a r  test. I ' m  n o t  s a y i n g  t h i s  as a  g e n e r a l  t h i n g .  

WADHAM: On M r .  Cohn's p o i n t ,  CONSAT h a s n ' t  mentioned 
t h a t  it  h a s  a l s o  been t e s t i n q  o u r  cells .  And w e  f i n d  
e x a c t l y  t h e  same r e s u l t s  w i th  a  d i f f e r e n t  d e s i g n  of  p l a t e ,  
a  d i f f e r e n t  b a t c h  -- t h e i r ' s  are 1969 cel ls ,  o u r s  a r e  1970, 
I t h i n k  it is ,  o r  '71  cells.  The whole d e s i g n  of  t h e  
p l a t e s  was changed by G.E . ,  a s  I t h i n k  most peop le  know, 
aroundabout  1969. And on  open c i r c u i t  s t o r a g e  o u r  cells 
a r e ,  i f  any th ing ,  worse. 

VAN OMMERING: I guess  t h a t  k ind  of  l i m i t s  it t h e n  t o  
synchronous o p e r a t i o n  o f  G.E. ce l l s .  

COHN: L e t  m e  a s k  a q u e s t i o n  now. Have you g o t  any 
d a t a  on t h e  amount o f  overage  t h a t  you g e t  i n  bo th  regimes.  
Wow does  t h e  amount o f  ove rcha rge  compare i n  bo th  regimes? 
I guess  t h e  amount of  d i s c h a r g e  would Le t h e  same. But 
t h e  amount o f  overcharge  might  b e  ve ry  d i f f e r e n t .  

DUNLOP: F i r s t  o f  a l l ,  to  go back,  t h e s e  tes ts  were 
s t a r t e d  i n  1969. And a t  t h e  t i m e  w e  s t a r t e d  t h i s  test  I 
do:i ' t  t h i n k  w e  were d r i n k i n g  e i t h e r  sko tch  o r  bourbon. W e  
were t r y i n g  t o  s i m u l a t e  a t e s t  t h a t  w e  f e l t  was v a l i d  
!>ecause t h e s e  were t h e  two c h o i c e s  t h a t  w e  had. And w e  
u n f o r t u n a t e l y  chose  t h e  open c i r c u i t .  W e  d i d n ' t  s t a r t  o u t  
h e r e  t r y i n g  t o  prove any th ing ;  w e  s t a r t e d  o u t  w i t h  t h e  two 
s t o r a g e  modes, r e a l i z i n g  i n  t h e  s a t e l l i t e  t h a t  w e  had 
t h a t  t h e  s t o r a g e  mode w e  were us ing  was t h e  mode t h a t  w e  
have now shown i s  where ou r  problems were. 

To e x p l a i n  t h e  overchgrge :  w e  knew e x a c t l y  what w e  
were doing:  t h e r e ' s  a  10 p e r c e n t  overcharge  a t  a  C/12 
r a t e ,  and w e  swi tched  b a c k . t o  a  C/36 r a t e  du r ing  each 
e c l i p s e  o p e r a t i n g  day .  T h a t ' s  f o r  t h e  e c l i p s e  p e r i o d .  

The o n l y  o t h e r  d i f f e r e n c e  is t h e  one t h a t  was mentioned 
h e r e ,  i n  t h e  s t o r a g e  mode. One c e l l  is charged  i n  t h e  open 
c i r c u i t  node wi th  r echa rge  every  30 days ,  and t h e  o t h e r  
is on t r i c k l e  charge .  T h a t ' s  t h e  mode t h e s e  two c e l l s  have 
been running i n ,  and t h e y ' v e  been running i n  now f o r  n i n e  
e c l i p s e  s easons ,  o r  e i g h t  e c l i p s e  s easons .  



The o t h e r  p o i n t  is t h a t  t h e  d e p t h  of  d i s c h a r g e  i s  
60 p e r c e n t  o f  t h e  r a t e d  c a p a c i t y  on t h e  72-minute e c l i p s e  
day.  I t h i n k  t h e r e  i s  no doub t  t h a t  t h e  r e s u l t s  w e  see i n  
t h i s  test on t h o s e  p a r t i c u l a r  p l a t e s ,  and t h e  expe r imen ta l  
r e s u l t s  t h a t  w e  have s e e n  on t h e  T e l s a t  p l a t e s ,  which a r e  -- 
I ' m r t a l k i n g  abou t  t h e  n e g a t i v e  p l a t e s ,  t h e  n e g a t i v e  elec- 
t r o d e s ,  i n  bo th  c a s e s  w e  a r e  s e e i n g  t h i s  s i g n i f i c a n t  expan- 
s i o n  o f  t h e  cadmium e l e c t r o d e ,  p a r t i c u l a r l y  a t  t h e  bot tom 
p a r t  o f  t h e  s l e c t r o d e .  

I d o n ' t  want t o  go  i n t o  why i t ' s  o c c u r r i n g  a t  t h e  bottom 
p a r t .  But w e  d o n ' t  g e t  t h i s  expans ion  on t h e  p l a t e s  t h a t  
w e  a r e  t i i c k l e  chary inq  i n  t h e  I n t e l s a t - 8  p l a t e s .  W e  d o n ' t  
know o- Z e l e s a t ' b e c a u s e  w e  d o n ' t  have any comparable t y p e  o f  
t e s t  d a t a .  

There  is no q u e s t i o n  i n  t h e  d a t a  t h a t  t h i s  open 
c i r c u i t  s t a n d  mode is  a  g r e a t  way t o  go a r e  f a r  a s  cadmium 
c r y s t a l s  a r e  concerned.  

CORBETT: I have a  q u e s t i o n  abou t  your  d a t a .  But f i r s t  
l e t  m e  s a y  I t h i n k  i t ' s  a  v e r y  i n t e r e s t i n g  p i e c e  of work 
and t h a t  i t  sheds  some l i g h t  on some problems t h a t  I t h i n k  a 
l o t  of b a t t e r y  e n g i n e e r s  have been e x p e r i e n c i n g  w i t h o u t  
e x p l a n a t i o n ,  l i k e  why system test  b a t t e r i e s  on s a t e i i i t e s  
t e n d  t o  d i e  i f  you l e a v e  them a l o n e .  And peop le  have been 
a s k i n g ,  you know, "What have t h o s e  guys been do ing  t o  t h e  
b a t t e r y ? "  And t h e r e  have been a  number o f  problems around 
t h e  company, bo th  on t h e  m i l i t a r y ,  on t h e  NASA s i d e ,  w i t h  
r e s p e c t  t o  system t e s t  b a t t e r i e s .  

The q u e s t i o n  I have,  i t ' s  k ind  o f  a  s u b t l e  p o i n t ,  b u t  
on your  f i r s t  c h a r t  where you showed t h e  r e g i o n s  of t h e  
p l a t e  and t h e  d i f f e r e n c e  i n  cadmium -- t h e  d i f f e r e n c e  i n  
t h i c k n e s s ,  a  comparison of  t h e  t h i c k n e s s  bo th  a f t e r  remov- 
a l  o f  t h e  hydroxide  and p r i o r ,  I n o t i c e  t h a t  t h e  a c t u a l  
t h i c k n e s s e s  were s l i g h t l y  lower f o r  t h e  open c i r c u i t  s t o r -  
age  c e l l s .  Is t h a t  a s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e ;  
and ,  i f  so, why do you t h i n k  t h a t  i s ?  

VAN ONMERING: Tha t  i s  a  d i f f e r e n c e  t h a t  you gen. , a l l y  
e x p e c t  t o  s e e  from p l a t e  t o  p l a t e .  That  i s  something t h a t  
does  happen. There is  some non-uni formi ty  i n  t h e  s i n t e r  



t h i c k n e s s .  

CORBETT: They a l l  seem t o  b e  i n  t h e  s e v e n t i e s  on the  
r i g h t  and t h e  e i g h t i e s  on t h e  l e f t .  

VAN OMMERING: They were abou t  77 o r  78 on  t r i c k l e  
cha rge ,  and 79,  80 on- 79, 80 on  t r i c k l e  c h a r g e  and 
77, 78 on open c i r c u i t .    hat's t h e  normal v a r i a t i o n .  We 
have been s e e i n g  t h a t  a l l  a long .  

FORD: While w e  d i d n ' t  go i n t o  t h e  d e t a i l  t o  show t h e  
r e a i s t r i b u t i o n  o f  t h e  m a t e r i a l  i n  t h e  cells, t h e r e w a s  ex- 
p e r i m e n t a l  d a t a  p r e s e n t e d  i n  one o f  t h e s e  s e s s i o n s  t w o  t o  
t h r e e  y e a r s  ago t h a t  compared t h e  e f f e c t  o f  open c i r c u i t ,  
what w e  c a l l  t h e  random open c i r c u i t ,  w i t h  t r i c k l e  cha rge ,  
w i t h  d i s c h a r g e  and s h o r t i n g .  And it happens t h i s  conf i rms  
e x a c t l y  what J i m  and G e r t  h e r e  have r e p o r t e d ;  t h a t  t h e  open 
cha rge  s t a n d s  a r e  a v e r y  unhea l thy  environment f o r  t h e  
b a t t e r y .  

With t h a t  a s  a comment I ' d  l i k e  to  a s k  a  coup le  of 
q u e s t i o n s .  One is ,  D i d  you look  a t  how much s e p a r a t o r  -- 
o r  how much e l e c t r o l y t e  was i n  a  s e p a r a t o r  w i t h  r e s p e c t  t o  
each  test  c o n d i t i o n ?  Was t h e r e  a  s i g n i f i c a n t  d i f f e r e n c e ?  

VAN OMMERING: No. When w e  a n a l y z e  a  ce l l  what w e  
g e n e r a l l y  do is w e  open i t  up and t h e n  e x t r a c t  t h e  e n t i r e  
ce l l .  So w e  r e a l l y  d o n ' t  have any d a t a  on where t h e  elec- 
t r o l y e  i s ,  whether i t ' s  i n  t h e  n e g a t i v e s ,  t h e  p o s i t i v e s ,  
o r  s e p a r a t o r ,  o r  how much e x a c t l y  i n  each o f  t h e s e  t h r e e  
components. Unfo r tuna te ly  w e  d o n ' t  have t h a t .  

FORD: One o f  t h e  t h i n g s  w e  found o u t  i n  t h e  s t o r a g e  
test ,  where w e  were s i m u l a t i n g  ground s t o r a g e  c o n d i t i o n s ,  
n o t  l i k e  your i n - f l i g h t  s t o r a g e ,  was t h a t  t h e  amount of  
e l e c t r o l y t e  t h a t  was r e t a i n e d  i n  t h e  s e p a r a t o r  was t h e  
lowes t  i n  t r i c k l e  charged cells .  Now I d o n ' t  t h i n k  w e  re- 
a l i z e  y e t  what t h e  long  tern i m p l i c a t i o n s  of t h a t  may be.  
But it's t h e  on ly  problem, o r  t h e  on ly  i n d i c a t i o n  of a  
problem w i t h  t r i c k l e  cha rges  I ' v e  seen  s o  f a r  --and I'm 
t a l k i n q  about  moderate r a t e s ,  now, C/30. --is a s s o c i a t e d  
w i t h  t h e  r e d i s t r i b u t i o n  of  e l e c t r o l y e .  And a l s o  w i t h  t h a t  
r e d i s t r i b u t i o n  of e l e c t r o l y t e  t h e  c e l l s  d i d  show an i n c r e a s e  



in capacity to 1 volt, indicating a possible expansion of 
a positive electrode. 

In your discharge data, your voltage profile data, did 
you indicate in your talk if you determined which was the 
limiting electrode in reversal? 

VAN OLWERING: Well it generally looks likr? it is the 
negative one. Because you see some oxygen as soon as you 
go into reversal. But you generally also see some hydro- 
gen. And it's really extremely hard to detect which is 
going first. 

In this kind of a tapering down thing the electrode 
cannot quite support the discharge rate that you're using, 
so you get kind of a mixed reaction. And it seems to hap- 
pen on the negative as well as on the positive, though on 
the positive it's to a smaller extent. But there is a 
utilization problem at the end; it's not a straight cut-off, 
it's kind of a slow tapering from one mode to the next. 

FORD: In your chemical analysis of the negative for 
charged materia1,as far as total charged cadmium, is there 
any distinction made between the two groups, or did you 
notice any difference? 

VAN ObVlERING: Well the problem is that you have a hard 
time comparing cells like these, using, for instance, a bar 
graph as we have been doing in the past. We cannot really 
compare very easily because we don't know exactly what goes 
on during this reversal. But what we generally try to do is 
we collect all the gas in reversal, and you generally find 
an imbalance either way. Either there is more hydrogsn or 
more equivalents of hydrogen and oxygen, or the other way 
around. 

Using that kind of a calculation with an estimate of 
the overall positive capacity you can arrive at a bar graph 
for the negative electrode. And at that point you could 
make a decent comparison of how much you have in each elec- 
trode for these different cells. You really can't do it 
at this time. We're still working on that. 



FORD: One more question and then I'll stop. 

On the large crystals that you referred to, are those 
fairly sized crystals, or is there any indication that the 
crystals are built up by layers like you would expect in 
Formica or something like that? 

VAN OMMERING: You often see that in pictures of 
potassium hydroxide crystals. You see this kind of step 
structure . 

I 'think Will, in his paper, showed that generally hap- 
pened after exposure to air, or something like that. It 
somehow made it worse. I don't know what that means. I 
guess it means that there might be some dehydration of the 
hydroxide to oxide, or something like that. 

We don't see these steps very clearly. There is a very 
vague indication that there mj3ht be some ridges on that 
surface, but our pictures don't show a very regular pattern 
of ridges as some of Will's pictures show. 

THIERFELDER: Have you investigated whether these large 
crystals can he broken down by reconditioning, or are they 
permanent? 

VAN OMMERING: Well they're almost permanent. 
Theoretically you can show that you should be able to bring 
cadmium back to the plate and slowly dissolve these big 
crystals by very long continuous charge. That should be a 
possible way of bringing those back. 

With big crystal€ like this it might take years. 

DUNLOP: I'd like to make a couple of comments. 

In regard to some of the questions that Floyd Ford 
asked, in terms of the original redistribution of cadmium, 
that's the first point:where you see that -- where we cut 
those plates up into twelve different sections and analyzed 
for the total amount of cadmium in each section was the 
same. So where you see that expansion occurring in the 



bottom of t h e  p l a t e  it i s n ' t  a  slumping phenomenon t h a t  
you normally  a s s o c i a t e  w i t h  something l i k e  t h e  z i n c  elec- 
t r o d e ,  it is s imply t h e  movement of  t h e  cadmium from i n -  
s i d e  t h e  p l a t e  t o  t h o  s u r f a c e .  But w e  f i n d  i t ' s  t h e  same 
t o t a l  amount of grams of cadmium p e r  gram of p l a t e  m a t e r i a l  
i n  each  one of  t h o s e  twelve s e c t i o n s ,  whether we ' r e  t a l k i n g  
about  open c i r c u i t  o r  whether  we're t a l k i n g  a b o u t  t r i c k l e  
charge .  

The o t h e r  p o i n t  i s ,  i n  answer t o  one o f  t h e  o t h e r  ques- 
t i o n s :  i n  t h a t  p l a t e ,  i n  terms of  t h e  u t i l i z a t i o n  of  t h e  
amount of  r e s i d u a l  charged cadmium remaining,  it tu rned  o u t  
t h a t  i n  t h e  p l a t e  t h a t  was t r i c k l e  charged w e  were a b l e  to  
u t i l i z e  70 p e r c e n t  of t h e  a c t i v e  m a t e r i a l  uniformly i n  eve ry  
one of t hose  twelve  s e c t i o n s .  

I n  t h e  p l a t e  t h a t  was open c i r c u i t  w e  were a b l e  t o  
u t i l i z e  approximate ly  70  p e r c e n t  of  t h e  a c t i v e  m a t e r i a l  i n  
t h e  upper p a r t  of  t h e  p l a t e  and on ly  53 p e r c e n t  of t h e  
a c t i v e  m a t e r i a l  i n  t h e  bottom p a r t  of  t h e  p l a t e .  Tha t  meant 
t h e r e  was a  remaining l a r g e  amount of  charged cadmium, abou t  
50 p e r c e n t  of t h e  a c t i v e  m a t e r i a l  i n  t h e  bottom p a r t  cf t h a t  
p1 te  t h a t  was charged cadmiu;~  which we could  n o t  e l c c t r o -  
chemica l ly  d i s c h a r g e .  

VAN ONMER.INC: Tha t  r e f e r s  to  u t i l i z a t i o n  i n  t h e  
ce l l .  I f  you would run  t h e s e  t h i n g s  f looded  t h i n g s  might 
b e  d i f f e r e n t .  

DUNLOP: 9 u t  a t  t h e  same t i m e  i t ' s  very  l i k e l y  t h a t  
t h i s  i s  a  masking e f f e c t  going on ,  t o o ,  i n  t h e  bottom p a r t  
o f  t h a t  p l a t e .  

HENDEE: J i m  k e p t  s i d e - s t e p p i n g  it, b8:t I ' d  l i k e  t o  p u t  
o u t  a g e n e r a l  q u e s t i o n :  What causes  t h e  s t r a t i f i c a t i o n  
from t o p  t.o bottcm? 

VAN OMXERING: Do I ha!, .? t o  answer t h a t ?  

What you want to  h e a r  i s ,  I t ' s  g r a v i t y .  



HENDEE: T h a t ' r  n o t  what I want t o  hea r .  I want to  
h e a r  t h e  t r u t h .  

V m  OMMERING: Nobody knows t h e  t r u t h .  I t h i n k  g r a v i t y  
i s  a  good c a n d i d a t e  mechanism f o r  t h i s  t h i n g .  

It i s  obvious t h a t  -- w e l l ,  i n  a l l  t h e s e  cells, i f  you 
look a t  them, f o r  some s t r a n g e  reason  t h e  bottom is  always 
t h e  one t h a t  shows t h e  most mig ra t ion .  So it makes you 
t h i n k  about  g r a v i t y .  

I wish somebody a c c i d e n t a l l y  had run some o f  t h e s e  
t h i n g s  ups ide  down. I t  would be i n t e r e s t i n g .  

But t h e r e  a r e  o t h e r  p o s s i b i l i t i e s .  The p l a t e s  a r e  n o t  
uniform i n  t h i c k n e s s  o v e r  t h e  e n t i r e  a r e a .  And t h e  way they  
a r e  campressed i n  t h e  can ,  it i s  p o s s i b l e  t h a t  t h e r e  a r e  
some h igh  p r e s s u r e  a r e a s .  

And o f  cou r se  you would e x p e c t  t h a t  t h e r e  i s  somewhat 
more expansion i n  t h e  c e n t e r  o f  t h e  ce l l .  So t h a t  you 
would expec t  t h e  h i g h  p r e s s u r e  a r e a s  to  kind of occu r  around 
t h e  pe r ime te r  of t h e  e l e c t r o d e s .  I n  t h o s e  a r e a s  you would 
tend  t o  c o n t a i n  somewhat more e l e c t r o l y t e  t han  i n  t h a t  low 
p r e s s u r e  a r e a .  Tha t  would p o s s i b l y  a c c e l e r a t e  cadmiu.11 m i -  
g r a t j o n .  And a s  soon as you g e t  cadmium i n  t h e  s e p a r a t o r  
it would improve t h e  e l e c t r o l y t e  ho ld ing  c a p a b i l i t y  of  t h e  
s e p a r a t o r  a t  t h a t  p o i n t  even more. 

So t h i s  is t h e  k ind  of  e f f e c t  t h a t  would a c c e l e r a t e  
i t s e l f .  But it h a s  t o  be  a  c o n c e n t r a t i o n  of  e l e c t r o l y t e ,  
whether i t ' s  t o  h igh  p r e s s u r e  a r e a s  where t h e  e l e c t r o l y t e  
c o n c e n t r a t e s  or whether i t ' s  t o  g r a v i t y .  I t  might be a  
combinat ion o f  bo th ,  and probably  is.  

IIENDEE: Well then  probably t h e  conc lus ion  is ,  even i f  
i n i t i a l l y  i t  was q r a v i t y  and it were t o  he  t r a n s f e r r e d  t o  
ze ro  g ,  t h a t  t h e  p r o c e s s  would probably b e  s e l f - p e r p e t u a t -  
i n g  and c o n t i n u e  i n  t h i . ~  g e n e r a l  frame of r e f e r e n c e ,  t h a t  
t h e  bottom would be expanding. 

VAN O ~ ~ R I N G :    hat's t r u e .  The c e l l  has  been-- 
Assuming t h a t  mechanism would he c o r r e c t ,  t h e  ce l l  i s  going 



t o  run  a  l i t t l e  w h i l e  a t  t h s  ground,  and t h e n  i t ' s  launched 
t o  a z e r o  g environment .  The e f f e c t  would s t i l l  b e  s t r o n g e r  
i n  t h a t  p a r t i c u l a r  a r e a  where some m i g r a t i o n  had o c c u r r e d  
alrt!ady . 

Of c o u r s e ,  i n  a  s a t e l l i t e  y o u ' r e  n o t  running  i n  a 
z e r o  g  environment  a c t u a l l y ;  y o u ' r e  running  a t  a  t e n t h  g. 

DUNLOP: Approaching t h i s  from t h e  o t h e r  d i r e c t i o n ,  it 
is  i n t e r e s t i n g  t h a t  you d o n ' t  n o t i c e  t h e  exnans ion  o n '  
p l a t e s  t h a t  a r e  t r i c k l e  charged.  T h e r e f o r e  you cou ld  assume, 
you c a n  s t a r t  p o s t u l a t i n g ,  Why n o t ?  And t h a t ' s  a  r e v e r s e  
way of  approaching  same problem. 

i t  may mean t h a t  when you do  t r i c k l e  c k l r g e  p l a t e s  you 
may hzve a  mechanism by which you r e d i s t r i k - ~ t e  t h e  e l e c t r o -  
l y t e  more uniformly th roughout  your  c e l l  s o  t h n ?  y o u ' r e  a b l e  
t o  more un i formly  d i s c h a r g e  y o x  p l a t e .  Because t h e r e ' s  an  
obvious  i n d i c a t i o n  that .  yoc axe  -- t h a t  t h e s e  p l a w s  t h a t  
a r e  expanding,  t h a t  you a r e  g e t t i n g  e l e c t r o l y t e  r e d i s t r i b u -  
t i o h b y  whatever  method, i n  t h e  bottom of  t h e  ce l l ,  and t h a t  
i n  do ing  t h a t  t h a t ' s  t h e  p a r t  o f  t h e  p l a t e  t h a t ' s  p robably  
be ing  u t i l i z e d ,  and t h a t  ' s  why you g e t  t h e  cadmium n.ovc,l~~ent. 
And t h e  whole t h i n g  i s  s e l f - p e r p e t u a t i n g  i n  a  way. 

Tha t  a l s o  b r i n ~ s  up a second p o i n t .  

When you do t r y  and ana lyze  t h e  s e p a r a t o r s  and look f o r  
t h e  e l e c t r o l y t e ,  where do you look? Do you look a t  t h e  t o p  
p a r t  o f  t h e  c e l l ?  DO you look a t  t h e  bottom p a r t  o f  t h e  
c e l l ?  

H i s  q u e s t i o n  is  a  r a t h e r  i n t e r e s t i n g  one ,  because I 
d o n ' t  t h i n k  t h a t  e l e c k r o l y t e  i n  t h a t  open c i r c u i t  s t a n d  ce l l  
i s  d i s t r i b u t e d  ve ry  uniformly i n  t h a t  s e p a r a t o r .  

BENE: On your  r e c h a r g e  on t h e  cells  open c i r c u i t ,  what 
was your  cha rge  regime f o r  t h a t ?  

VAN O H R I N G :  

DUNLOP: C124 

I t h i n k  C/12 t o  10 p e r c e n t .  

f o r  one day.  

2 ': 3 



VAN OMMERING: Before  t h e  c a p a c i t y  measurement. 

BENE: Before  t h e  b a t t e r y  was d i scha rged?  

DUNLOP: I guess  I missed your  p o i n t .  

BENE: Well t h e  cel ls  you have on open c i r c u i t  s t a n d s ,  
when do you recharge?  

DrJNhOP: Every t h i r t y  days ,  C/24 f o r  twenty-four hours .  

BENE: So i t ' s  p o s s i b l e  you have g o t t e n  more recha rge  
i n  t h o s e  cells than  you g o t  on a t r i c k l e  cha rge  cel l .  

DUNLOP: Not recharge ;  b x a u s e  t h e  t r i c k l e  cha rge  is  
more overcharged t h a n  a 1-day C/24. 

BmE:  I n  oile s e n s e  you can  look a t  it t h a t  way, y e s .  
But you maybe g e n e r a t e  more oxygen w i t h  t h e  C/24 f o r  
twenty-four hour s  i n  t h o s e  cells t h a n  i n  t h e  o t h e r .  

DUNLOP: I d o n ' t  know why t h a t  would b e  a problem 
w i  Lh cadmium, of fhand .  

BENE. Well let  m e  ask  a n o t h e r  q u e s t i o n ,  t hen .  

Were t h e s e  drawn cans  o r  welded cans?  

VA I OMMERING: Welded cans .  

FORD; There's one c o n d i t i o n  t h a t  y o u ' r e  ove r look ing ,  
though. When you go open c i r c u i t  cha rge  t h e  oxygen recom- 
b i n e s  an? t h e  ce l l  er;ds up i n  a ha rd  vacuum, and you have 
an environment where t h e r e  is no oxygen recombina t ion  
r.schanism t a k i n g  p l a c e ,  c o n t r a s t i n g  t~ t r i c k l e  charg ing .  

Now I t h i n k  t h i s  is where vou 've c o t  t o  look t o  f i n d  
some s o l u t i o n s  t o  t h i s  problem, i f  you r e a l l y  wact  t o  s o l v e  
it. And t h i s  is one of  t h e  t h i n g s  t h a t  o c c u r r e 3  t o  u s  i n  
lot k ing  a t  t h e  random s t o r a g e  mode, i s  thirL t h e r e  were week- 
ends and seven days  on end and t h o s e  b a t t e r i e s  were on open 
c i r c u i t .  You come i n  and h i t  t h a t  b a t t e r y  w i t h  a charge .  



For  p r a c t i c a l  p u r p o s e s  t h c  e l e c t r o d e s  a r e  c h a r g e d .  And 
w h a t ' s  g o i n g  t o  happen? Sonic th ins  has g o t  t o  go.  The 
r e a c t i o n  i s n ' t  a  normal  r e a c t i o n  if you s t a r t  from way 
down and come hack  up a g a i n .  You h a v e  a d i f f e r c n t  e n v i r o n -  
ment t h a t  t h e  c e l l  i s  s e e i n g  i n t e r n a l l y ,  and y o u ' v e  g o t  to  
look a t  i t  i n  t h a t  s e n s e .  

T t h i n k  you h a v e  t o  look  a t  t h e  e f f e c t s  of oxygen i n  
t h e  c e l l  and wha t  it d o e s  to  t h e  cadmium. 

VAN O N ? E R I N G :  I f  y o u ' r e  w o r r i e d  a b o u t  t h e  c e l l  beincj 
f u l l y  c i lmged  and t h e n  h c i n g  o v e r c h a r q e d  e x t e n s i v e l y  when 
you r e c h a r g e  it-- Is t h a t  y o u r  worry?  

FORD: N o ;  I ' m  w o r r y i n g  a h o u t  t h e  f a c t  t h a t  i f  you g o  
opcn c i r c u i t  on  a f u l l y  charcjed b a t t e r y ,  s a y  f o r  twen ty -  
f o u r  h o u r s ,  i f  you test some o f  y o u r  p r e s s u r e  q a u g e s  and 
you know wllen you come i n  a f t e r  opcn c i r c u i t  on  a wcek-end 
t h e  ce l l s  a r e  jn a good h a r d  vacuum, what  happens  t o  a  cc l :  
t h a t  f o r  a l l  p r a c t i c a l  purposes - -  Those  c l c c t r o t l e s  haven ' t 
s e l f - c l i s c h a r g e d .  You h i t  i t  w i t h  a  c h a r g e  a g a i n .  You ' re  i n  
0 ~ c ? r c h ; t ~ ~ j c  a  l rcacly . 'l'!~ rec tml) ina  t i o n  n c c h n n i  s n  t h a t  sup-  
1)ressc.s tilt. ! ) o t c n t i a I  of tile c e l l  i n  o v f ~ r c h a r q c  i s n ' t  t h e r e .  
What ' :; I ~ , ~ ~ ~ ! i c n i n ~ j  t o  t lw c ,~dniura  n e t a l  d u r i n g  t h a  t p e r i o d ?  

VAN ON!II~:IIING: One t h i n g  I h a v e  to s a p  i s  t h a t .  t h e  
toll is n o t  e x a c t l y  on  open c i r c u i t  d u r i n g  t h i s  p e r i o d .  
T h e r z ' s  a v e r y  s m a l l  l o a d  a c r o s s  i t ,  e x t r e m e l y  s m a l l .  So 
t h e  t h i n g  d o e s  d i s c h a r g e .  

JQr: SCiIULBlAN: I d o  know if  you t r y  t o  qrow s a l t  c r y -  
stals . someth ing  l i k e  t h a t  i n  a b e a k e r  t h a t  i f  you keep  
w i g g l i n g  t h e  j a r ,  k e e p  moving i t ,  t h e y ' l l  n e v e r  g r o b .  I f  
e v e r y t h i n q  s t a n d s  p e r f e c t l y  s t i l l  i t ' l l  grow. 

Could it  be t h a t  on open c i r c u i t  t h e r e ' s  no machani-  
c n l  mot ion  o f  t h e  f l u i d ,  where  i n  t r i c k l e  c h a r g e  you h a v e  a 
l i t t l e  b i t  o f  t r a n s f e r  o f  m a t e r i a l ?  

VPN OMMERING: I d o n ' t  know i f  t h a t  d i r e c t l y  k e e p s  t h e  
c r y s t a l s  from growing .  I t h i n k  t h e  s l o w  d i s c h a r g e  which 
o c c u r s  d u r i n g  t h e  open  c i r c u i t  i s  r e a l l y  w h a t ' s  r e s p o n s i b l e  
for t h e  c r y s t a l s  g e t t i n g  a c h a n c e  t o  grow. I t h i n k  t h a t ' s  



the main mechanism. 

IIALPERT: Thank you very much. 

Gentlemen, we'd like to let you go earlier this after- 
noon, so if we can get back here and start exactly 
at ona-tb'cty I think we can get everything completed in 
time. 

So please come back and let's be ready to go at one- 
thirty. 

VAN OMMERING: I would like to oav thsf most o f  t h i u  
work was dons hy Martv Earl of C..)MSAT Laha. 

(Whereupon, at 12:45 p.m., the workshop was recessed, 
to reconvene at 1:30 p.m., the same day.) 



AFTERNOON SESSION 

V I . 7  A NOVEL METHOD OF PLATF CARBONATE DETERMINATION:  
11. KROGER/GE 

IiALPCRT: Our a f t e r n o o n  s e s s i o n  w i l l  b e g i n  where  w e  l e f t  
o f f ,  on c h e m i c a l  a n a l y s i s ,  and o u r  f i r s t  s p e a k e r  t h i s  a f t e r -  
noon i s  Mans Lroger  c,f G e n e r a l  E lec t r ic .  H e  i s  g o i n g  t o  
s p e a k  on a n o v e l  method o f  p la t -e  c a r b o t . a t e  d e t e r m i n a t i o n .  

KROCER: 1: am g o i n g  t o  1 ; r e s c n t  t o  you a p i e c e  o f  
s u p p o r t i n g  development  work which was done a t  t h e  Advanced 
Lr .g incer ing  L a b o r a t o r y  o f  G e n e r a l  E l e c t r i c  B a t t e r y  
Business.  Depar tmen t ,  ar,d which s u b s c q u e n t l v  1t.d t o  a nove l  
rwt1:od of d e t e r m i n a t i o n  of c a r b o n a t e s  on p l a t e s  f o r  a l k a -  
l i n e  c e l l s .  

C o n v c n t i o n a l l  y t h e  s u b s t a n c e s  t o  be  analyzeci f o r  
C J K ~ ~ I I ~ I ~ C S  on p l i ~ t e  r n a t e r i d l s  f o r  a l k a l i n e  c e l l s  i s  a c i d  
2 i ~ i c s t c c l  i n  a c l o s e d  sys tem and t h c  r e s u l t i n g  c a r b o n  d ' q -  
x l d c  i s  t h e n  swept  o u t  and a b s o r b e d  i n  <i k a r i u ~  h y d r o x i d t  
s o l c c i o n .  The r e s u l t i n g  p a r t i c i r a t e  of b a r i m  carho- 
i la tc  i s  c o l l e c t c c :  and  p rc -wc iqhcd ,  f i l t e r e d  i n  crucibles, 
and c c i r e f u l l y  washed  and dr icc?  t o  we igh t  c o n s t a n c y .  



h y d r o x i d e .  However,  a s  I s a i d ,  t h i s  r j -occdure  i s  s l o w  a n d  
e x p e n s i v e .  

When we needed  a  new, t i n e - e f f i c i e n t  n e t h o d ,  t h e  
f e a s i b i l i t y  o f  t h e  g a s  chronlatoqrap!l  ap:>roach was r u l e d  
o u t  v e r y  q u i c k l y  f o r  r e a s o n s  of cost  a n d  l o n g  l e a d  time t o  
g e t  o n e ,  a n d  t h e n  t h e r e  a r e  a : ~ p a r e n t l y  two o t h e r  a v e n u e s  
t h a t  r e m a i n ,  name ly ,  a b s o r p t i o n  o f  t h e  l i b e r a t e d  C02, a n  
e x c e s s  o f  c a u s t i c  a n d  t h e  s u l s e c ~ u e n t  q u a n t i t a t i v e  d e t c r -  
m i n a t i o n  by n e a n s  of t h e  well-known d o u b l e - e n d  p o i n t  a c i d -  
b a s e d  t i t r a t i v n  o r  t h e  a b s o r p t i o n  o f  c a r 5 o n  d i o x i d e  i n  a  
known amount o f  c a u s t i c  where a c o l o r  c h a n g e  o f  a n  a p p r o -  
p r i a t e  i n d i c a t o r  would  p e ~ r ? i t  a go-no go  d e c i s i o n  w i t h  
r e s p e c t  t o  p e r m i s s i b l e  c a r b o n a t e  levels. 

We s t a r t e d  our investigation w i t h  t h e  f i r s t  a p p r o a c h  
s i n c e  i t  p r o m i s e d  t o  'lc n o r e  b e n e f i c i 3 1  w i t h  r e g a r d  t o  
q u a n t i t a t i v e  i n f o r m a t i o n .  Wc p r e p a r e d  a . 2  norma l  o r  .1 
m o l a r  a q u e o u s  s o l u t i o n  of p o t a s s i u c  c a r h o n a t e ,  a n d  t h i s  
was u s e d  f o r  t e s t i n ?  and  c a l i b r a t i o n  p u r p o s e s .  

S u b s e q u e n t l y  t h i s  s t a m l a r d  c a r b o n a t e  s o l u t i o n  was 
t h e n  uscc? i n  t h e  e x i s t e ~ t  equipment t o  t r y  o u r  concc!) t .  

:Jaw t h e s e  a r c  o t l r  r e s u l t s .  T h e  colilr:n,  "Vessels," 
s t a n d s  f o r  t h e  number of vash  b o t t l e s  co !mcc tcd  i n  series. 
T;,e volunle i s  tlie m o u n t  o f  a b s o r h i n ?  l i y u i d s  i n  n i l l i -  
litcrs. The n ~ r n a l i t y  i s  t h e  s t r c x ~ t h  of: tile l i q u i d  c a l -  
c u l a t e d  fro: t h e  i n i t i a l  4Q1! c o n c e n t r a t i o n .  T ~ r i ~ l  t1le 
d i l u t i r i ?  w a t e r  a n d  t!ie y i e l d  i s  t ! ~ c  ar .ount  of c.?rbon d i o -  
xic!e t o  r c c o v c r  e x ? r c s s c t i  i n  pcrcc:lt o f  t h c  a ~ o u n t  ivet1.  

The  f i r s t  t r i a l  1 1 j . t . 1  one b:a:;9 h o t t l c !  : ,nllr  c o n -  
t a i n i n ~  1 2 5  n i l l i l i t c r s  of abos t  - 0 2  n o r q a l  CO:i \ ? i e l d e d  
o n l y  a h o u t  4 9  2erc:ent g f  t:-,e C O ,  t h c  f i r s t  l i n e  t h e r e .  

C e r t a i n  improvement  i n  t h e  c o l l c c t i o n  o f  C 0 2 ,  5 2  





p e r c e n t ,  was observed  when t w o  vessels connected i n  a  
series were used.  Tha t  con ta ined  abou t  t h e  same amount 
of  c a u s t i c  a s  used i n  t h e  f i r s t  t r i a l ,  however a t  a lower 
c o n c e n t r a t i o n .  

I t  should  be  mentioned h e r e  i f  two v e s s e l s  were used 
b e f o r e  t h e  t i t r a t i o n  was done, t h e  l i q u i d s  of  t h e  two 
v e s s e l s  were connected and t h e  wssels c a r e f u l l y  washed 
o u t .  

Based on t h e s e  t w o  o b s e r v a t i o n s  w e  g o t  o n l y  40  and 
52 p e r c e n t  when low c o n c e n t r a t i o n  s o l u t i o n s  were used. 
Th i s  r u l e d  o u t  t h e  a p p l i c a t i o n  o f  t h e  go-no go  d e c i s i o n  
us ing  a  change of  i n d i c a t o r  i n  t h e  s o l u t i o n .  

Then i n  t h e  n e x t  t r i a l  w e  increased  t h e  concent ra -  
t i o n  o f  t h e  KOH by a f a c t o r  o f  two and a g a i n  w e  o n l y  g o t  
50 p e r c e n t  of  t h e  t heo ry .  

When w e  t h e n  f u r t h e r  i n c r e a s e d  t h e  c o n c e n t r a t i o n  by 
a  f a c t o r  of  t e n  w e  came up to  88 p e r c e n t  and i n  a  series 
o f  t r i a l s  w e  were n o t  a b l e  t o  i n c r e a s e  t o  a  hundred per -  
c e n t  r ecove ry .  

I t  was t h e n  f e l t  t h a t  obv ious ly  ou r  method o f  t i t r a -  
t i o n  was r e s p o n s i b l e  f o r  t h e s e  shortcomings;  namely, w e  
t i t r a t e d  t h e  bu lk  o f  t h e  un reac t ed  KOH w i t h  one normal 
h y d r o c h l o r i c  a c i d  u n t i l  t h e  phenosa l ine  i n d i c a t o r  became 
c o l o r l e s s .  Th i s  is t h e  normal p r a c t i c e  

Then w e  cont inued  w i t h  one - t en th  norma? a c i d  u n t i l  
t h e  change o f  t h e  second,  t h e  methyl  r a d  i n d ~ c a t o r .  The 
use  o f  t h e  s t r o n g e r  a c i d  i n  r e a c h i n g  t h e  f i r s t  end p o i n t  
a p p a r e n t l y  l e d  t o  con t inued  ove r shoo t ing  o f  t h e  f i r s t  
mark and consequent ly  t o  t o o  low y i e l d s  i n  between t h e  
t w o  p o i n t s .  

The a d v e r s e  phenomenon o f  t h e  f i r s t  end p o i n t  over -  
shoo t ing  could  b e  overcome i n  t h e  fo l lowing  manner: 

The t i t r a t i o n  w i t h  normal h y d r o c h l o r i c  a c i d  was 
t e rmina ted  about  one m i l l i l i t e r  p r i o r  t o  r each ing  t h e  
f i r s t  end p o i n t ;  t h a t  i s ,  a t  a  consumption when t h e  i n -  
t e n s i t y  of  t h e  c o l o r  o f  t h e  phenol - te lahene  s o l u t i o n ,  o r  
i n d i c a t o r ,  beg ins  to  f ade .  



The change to colorless is then achieved with one- 
tenth normal acid. At this point the second indicator is 
added and the titration is, with the tenth normal acid, 
resumed and the second end point is reached. 

Applying C i s  new practice and a further increase 
in the caustic concentration, we applied it to a series 
of further trials with standard potassium samples. We 
found that these five milliliter runs required a mean of 
4.9 milliliter of that one-tenth normal acid with a 
standard deviation of only .03 milliliters. This is 
typically the hundred percent recovery as seen in the last 
line of the figure. 

In a typical plate carbonate determination we used 
sample sizes of ten square centimeters or tenths of a 
square decimeter. In this case, each milliliter of the 
tenth normal acid consumption would be equivalent to 138 
milligrams of po'aasium carbonate per square decimeter 
where all carbonates are calculated as potassium carbo- 
nato.. 

Thus the conception of the trials method that has 
been implemented in our quality control plate laboratory 
for both positive and negative electrodes. The inherent 
savings in preparation and clean-up time can amount to 
three or fcur times more samples to be run in a given 
period of time. 

In summary, I have described to you how we modify 
the HO end point method for total alkalinity, carbonates, 
and then successfully applied it to the determination 3f 
carbon dioxide liberated from electrodes for alkaline 
cells. 

The new method is fast, accurate, and has good 
economic aspects. 

Thank you. 

HALPERT: Are there questions? 

Bill Webster. 

WEBSTER: Yes. 



You r e f e r e n c e d  t i m e .  What time d o e s  it t a k e  t o  r u n  
a sample  from s t a r t  t o  f i n i s h ?  

RROGER: I t  t a k e s  u s u a l l y - -  D i g e s t i o n  and f l u s h i n g  
o v e r  t a k e  somewhere between 1 0  t o  1 5  m i n u t e s .  Then you 
c a n  set a s i d e  t h e  s o l u t i o n  and c h a r g e  t h e  t r a i n  a g a i n  and 
s t a r t  i t .  As a  matter o f  f ~ c t ,  o n e  o p e r a t o r  o p e r a t e s  two 
t r a i n s  a t  o n e  t i m e .  And t h e  t i t r a t i o n  i t s e l f  maybe is  
f i v e  m i n u t e s ,  s o  w e  c u t  t h e  t i n e  from o r i g i n a l l y  30 t o  
35 m i n u t e s  p e r  r u n  t o  a b o u t  2 0  m i n u t e s  w i t h  two a t  t h e  
same ti9e. 

WCBSTER: How l o n g  do  you t h i n k  t h e  J o n e s '  t e c h n i -  
que  takcs? 

KROCER: Pardon me? 

!<EBSTER: FIot.1 do  you t h i n k  t h e  J o n e s '  t e c h n i q u e  
t a k e s ?  

KROGER: I asked him l a s t  y c a r  and h e  s a i d  30 t o  35 
m i n u t e s .  

K90CXR:  I was l a s t  yea r  r y i t e  i n t r i g u e d  by t h e  
e l e q ~ n c e  u f  h i s  methoc! h u t  T s : ) e c i f i c a l l y  asked him how 
lonc;  one d e t e r m i n a t i o n  1;rsts ant1 he  s ~ ~ i i l ,  w e l l ,  3 0  t o  3 5  
r ; ! inutes.  

:!E9:;TIlR : Thank you. 



O u r  text speake r  i s  o n e  who j o i n e d  u s  t h i s  smmer 
on tt NASR-ASEC sur:mer f c ! l o w s h i p  proi,~rarn f r o m  C a t h o l i c  
U n i v e r s i t y ,  M r .  L e e  May, who i s  , o i n g  t o  t a l k  about  t h e  
r o l e  o f  i r o n  i n  t n e  n i c k e l - c a d m i u m  c e l l .  

VI. 8 THC ROLE OF IRON IN 'I'lIE: NICKFI, CI\.Dr,1IUN CELL: 
L . NAY/CATIIOLIC IJ . 

MAY: A l l  t h r o u g h  t h e  literature o n  t h e  n i c k c l -  
cadmium b a t t e r y  there  have been a l - l u s i o n s  t o  t h e  ro le  of  
i r o n  i n  t h e  performance of the c e l l .  If I may go h a c k  
t o  p-.rt-,aps \.;.hat somc w o i l d  r e g a r d  a s  the p r e h i s t o r i c  yiqc 
of t h e  nickel .-cadmiuni.  b a t t e r y ,  I w o u l d  go l a c k  t o  Th0r,~~3.c: 
1,di:;nr: who i s  q u o t e d  i n  s e v e r a l  h o o L s ,  for e x a r n ~ ~ l e ,  <is 
s t a t i n g  t l i a t  tilcrc i s  ;-I d c c r e a s c  ir, t h e  e 1 e c t r o c l i c r . l ~  c,ll 
c a p a c i t y  of n i c k e l  o x i c i c  e l ~ c t r o d c s  when  s ~ r ~ a l l  cirr.07. ~ t s  
of ferric h\,c!ro::jde , ~ v c  ac?;leL; t o  v a r i s u s  e l e c t  r ~ l \ ~ t f t ~ .  



T r o i l i u s  a n d  A l f c l t  b u i l t  t h e i r  own c e l l  a n d  u s e d  
r a d i o a c t i v e  i r o n - 5 3  t o  t r a c e  t h e  movament o f  t h e  i r o n  
t h r o u q h o u t  t h e  c e l l  a n d  as  you c a n  see when we're d e a l -  
i n g  w i t h  t h e  components  o f  t h e i r  p o s i t i v e  e l e c t r o d e  asscm- 
b l y ,  w e  f i n d  t h a t  w i t h  t h e  number of c y c l e s ,  t h e  a n o u n t  o f  
t h e  r a d i o a c t i v e  i r o n  i n c r e a s e d .  

The o r d i n a t e  i s  t h c  w e i g h t  o f  i r o n  i n  m i l l i q r a m s  p e r  
p l a t e .  And you  a l s o  no t r ,  t h a t  t h e  c o n t a m i n a t i o n  of t2:c 
p o s i t i v e  p l a t e  -- c l e c t r o d c ,  e x c u s e  sc -- i n c r e a s e d  w i t h  
t c m p e r a t u r c :  . 

A occend  e x p e r i n c  :t i s  t h e y  clo?cc! t h e  caclr~ium e1c.c- 
t r o d e  w i t ! )  r a d i o a c t i v e  i r o n  and  t h e y  t ie tcrnl incci  tile irrno~lrif. 
o f  i r o n  wh ich  a p p e a r e d  i n  t h e  p o s i t i v e  c l e c t r c d e .  As ~ O I :  

c a n  see, a s  t h e  numljer of c y c l e s  i n c r e a s e d  w e  h a v e  a:> 
i n c r e a s e  i n  t h e  amount of i r o n  i n  t h e  p o s i t i v e  ! ) l a t e .  2111.i 
a g a i n  t h e r e  i s  a n  i n c r e a s e  a s  t h e  t c n p e r a t u r e  i n c r e a s e s .  

( f : : i r i e  1 6 E . )  

The r?if  f c r e n c c  I x t w e e n  t h e  stsnc!ar<! n!~tl acicii r lc j  tl:e 
cach ium t o  t h e  p l a t e  r e p r e s e n t s  g o i n g  f r o r l  h o c t  twn :xr- 
c e n t ,  c!ir;linishinc~ t o  a b o u t  t h r c e  a n d  a ! ~ ~ . l f  rlerccrrt. 



c a p a c i t y  wh ich  t h e y  measurcct a n d  t h e  p e r c e n t  c h a n g e  i s  
i n  the f o u r t h  co lumn.  You will n o t ?  t h a t  a t  l o w  c o n c c n -  
t r a t i o n s  o f  i r o n ,  w e  h a v c  '1 cjre? t .cr  p e r c e n t  change t l ~ a t - I  
we h a v c  a s  t h e  c o n c e n t r , i t i o n  of i r o n  i r :  t h e  :)late i n -  
creases.  

I n  a r e p o r t  by C a r s o n  and company t!lcre i s  some 
l i t t l e  d a t a  r e l a t i v e  t o  t h i s .  I n  t h i s  casr! t h e y  took t h e  
o r i g i n a l  n i c k c l  p l a t e  and a f t e r  six c y c l c s  t h e y  r.casured 
t h e  c a p a c i t y .  T h i s  i s  t h e  c a p a c i t y  range .  hnC t h e y  
measu red  t h e  a v e r a q c  q a s s i n q  r a t e  w h l c h  i s  q l v e n  -- t !ic. 
u n i t s  are g i v e n  h e r e  -- a g a i n s t  p e r c e n t  c h a r g e .  Anci t h e s t ,  
a r e  t h e  f i ( ; u r e s  which t h e y  r e p o r t . .  

Then t h e y  i m p r e g n a t e d  t h i s  p l a t e  w i t h  f c r r i c  nitrate 
t o  a b o u t  . 002  p e r c e n t  i r o n  and  a f t - c r  12 ~ : y c l ( ? s  t h e y  shnw 
t h a t  t h e r e  is a  f l i q h t  c!ecrcasc I n  t h e  i : a?a~ i t . . l .  P.nd i ~ i  

t h e  lower  p a r t  o f  t h e  column you  u j .11  w t e  t ! ~ a t - -  I,et ' :: 
t a k e  t h e  more d r a n m t i c  d e c r e a s e ,  t i h i c h  was i n  the casr: oF 
30 p e r c e n t  s t a t e  of charqe. T h e r e  is 2 d i n i n u t i . c n  of 25 
p e r c e n t  o f  t h e  q a s s i n g  r a t e ;  a t  7 5  p e r c e n t ,  thcrc. i s  a 
d i m i n u t i o n  of 1 9  p e r c e n t ,  a n d  a c t u a l l y  ~jt n 6 0  lwrccnt- 
s t a t c  of c ; ~ a r w  t:ler(! i s  an i ~ i c r ? ~ t r , e  o f  1F: ; - e r c c . n t  1.11 t ! : r '  

s.; :: t c p . ,  

F a l k  a n d  S a l k  i , ~  1963  i n  t h e i r  h o c k ,  A l k a l i n e  ---- 
S t o r a x  -- t a t t e r ~ ,  r c v ' c w c d  some o f  t h i s  work and q u o t e  
S t r i n c j f e l l o w  who s a ~  s t h a t  tile loss of cicl-aci t\!. '.hc 
p o s i t i v e  p l a t e  is  c ? ~ e  t o  i r o n  : ) o i ~ c n i r , r j .  

They a l s o  s t a t e  , and  I rf..r ,c : 

" F o r  a l o n g  tirno, i r o n  h .:; 'jccn rccor- 
n i z c d  a s  a ! r . ~ r m f u l  i r : 7 u x i t y  ir. t t ~ c  n i c k r l -  
h y d r o x i d e  e l e c t r o d e .  " 

L a t e r  t h e y  s t a t e  t h a t  t h e  e f f e c t  o f  i r o n  -- o r  con -  
c l u d e  t h a t  t h e  e f f e c t  o f  i r o n  i s  a r e d u c t i o n  of the 
o x i d i z e d  s t a t e  of the n i c k e l  o x i d e  e l e c t r o d e  a n d  a r c d u c -  
t i o n  of t h e  oxygen o v e r  v o l t a q e .  

I set. o u t  Lo r ~ i v e  somc i ~ r e l i m i n a r y  i n f o r m i t i o n  o n  



w h e t h e r  w e  c o u l d  d e t e c t  i r o n  i n  a new c e l l  as  compared  
t o  a n  a g e d  ce l l  a n d  to  see w h a t  -- j u s t  t o  g e t  cn a n a l y -  
t i c a l  method f o r  t h i s .  

I would  like t o  Eirst p o i n t  o u t  t h a t  i n  t h e  company 
l o 7  o f  E a g l e - P i c h e r  t h e y  d o  g i v e  some a n a l y s e s  f o r  i r o n .  
F o r  e x a m p l e ,  i n  t h e  n e g a t i v e  p l a q u e  t h e y  f i n d  t h a t  t h e  
i r o n  p e r c e n t a g e  is  ,002 t o  . 0 0 1  p e r c e n t  i n  t h e  s e p a r a t o r ,  
t i c p : d i n ( j  upon wh ich  s e p a r a t o r  t h e y  u s e .  211 b e i n g  va r ia -  
t i o n s  o f  n y l o n ,  t h e y  f i n d  . 002  to .004 p e r c e n t .  

I n  a n o t h e r  a n a l y s i s  on ,.. "1 t h r e e  ce l l s  t h e y  g i v e  t h e  
rancjc o f  i r o n  i n  t h e  n i c k e l  p w i e r  t h a t  t h e y  u s e  f o r  p r e -  
p r i n q  t h e  e l e c t r o d e s  is . 02  t o  - 3 4  p ? r c e n t .  And t h e  
f i g u r e  f o r  i r o n  i n  t ! ~ e  ! w l l n n  s e p a r a t o r  i s  .!I03 p e r c e n t .  

T?le s p e c i  f i c a s t i o n  provil ' i  .cl for Ar?ros?ace n i c k c l -  
cadmiun ce l l s  s p c c i f ; . e s  t ; l ; t >  ~ , , i x i r n u m  i r o n  c o n t e n t  s h o u l d  b e  
. 0 1  ! ? e r c c n t  wh lch  i s  t h e  a v e r a g e  a s s a y  g i v e n  dy  t h e  
f n t e r n a t i o n a l  : ~ J i c k c l  Conpdny. 

I t o o k  two c e l l s  a n d  a n a l y z e d  u s i n g  a t o m i c  a d s o r p -  
t i o x  t h c  dr.\o~l!lt I.)£ i r o n  i n  v a r i o u s  r ~ a r t s  of t11c ccll. 

, : ' !~e v i r i j i n  ;~l.ltx you set? is  a S A Y r  c e l l  a n d  t h c  
a ~ w u n t  t h e  a n a l y s i s - -  T!lc l a s t  f i q u r e  g i v c s  t h e  p c r c c n t  
i r o n  I f o u n d ,  . 92 ,  i n  the ~ ~ o s i t i v c  s i n t e r  a n d  . O n 5  i n  t h e  
n e q a t i v e  s i n t e r .  

I ioo;: &.ti: was r,ni\! t o  hc a n  acjctl p l a t e ,  a C u l t o n  
ccll. You w i l l  f i n J  i f  wc corn!)arc t h c  i j o s i t i v c :  s i n t c r  
i n  t h e  acjcti w i t h  t!lc : ~ o s i t i v c  s i n t c r  i n  t h e  v i r g i n  ccl 1 
t h e r e  i s  r o u g h l y  J c loubl lnq  o f  t5c a m u n t  o f  I r o n .  

I n  t h e  n c q a t i v e  s l n t e r  w e  a l s r ,  f i n ?  an i n c r e a s e  o f  
rouqt-,ly t h r e e  tirws. 

I n  tht?  c e l l  1-!lat I t o o k  a p a r t ,  t!:e sr??ar; i tor  ~ ~ 3 : ;  

a t t a c h  .J t o  t h e  n e g a t i v e  c l c c t r o d e  an11 I l u s t  rcmovcd 
tile nass, which  was e a s i l y  rcnovcc! w i t ! l  ' 1  n i c k c l  s p a t u l a ,  
ant \  T Counc! t h a t  t h e  !)ercent o f  iroli \,n t ' l a t  was . r 2 1  . 
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.cover of the cell and the percent iron in that plastic 
material which you can see was only nine milligrams came 
to 4.3 percent, 

Merely for uniformity or complete analysis, I 
analyzed the soluble iron jn the electrolyte which came 
to 9.3 micrograms per liter. 

The details and the references that I have mentioned 
2ieviously will be found in this report. 

So the indication, at least from the literature and 
these preliminary analyses suggests that there is a migra- 
tion of iron and that there is some deleterious effect of 
iron on the performance of the cell. 

Perhaps study is needed now to evaluate whether in 
truth iron does contribute and some of the factors that 
I would like to suggest would be, one, since the data 
suggests that the effect of iron increases as the concen- 
tration of the iron decreases in the nickel electrode, 
one would have to study the effect of concentration and 
determine the limits in which there is a deleterious 
effect. 

Secondly, the position of iron in the cell. There 
is evidence that the migration of the iron varies with the 
position of the iron in the components of the cell. 

Third, the effect of temperature to show the re- 
sult of Troilius and Alfelt. They f.elt that the rate of 
contamination of iron did increase with temperature, and 
also perhaps it would affect the electrochemical capacity. 

And finally, the type of purging, the sequence and 
the scheduling may affect the movement of the iron and 
its effect on the electrochemical capacity. 

MALPERT: Are there any questions for Dr. May? 



GROSS: I thought what was significant was the ef- 
fect of cadmium in the positive. There were very small 
amounts of cadmium that were shown to have a significant 
capacity reduction. Cadmium is sometimes placed in the 
positive electrode to give reversal protection. 

I had always been of the impression that this -- 
that it was of negligible importance. 

MAY: I think this slide shows the effect of cad- 
mium on the positive. 

(Slide 166.) 

If you look at the figures, it is rather difficult 
because there are no actual figures; it is just a plot 
that Troilius and Alfelt get. And if you calculate by 
this rough measurement it is a very little-- Well, it 
would support your notion that it will maintain the same 
capacity . 

GROSS: Well, it suggests to me that one should 
look very carefully at the use of cadmium as an ingre- 
dient in a positive electrode for reversal protection. 
This is now done in some cell designs, 

MAY: Of course I was interested in the iron. 

GROSS: Yes. 

I I K ? :  I showe2 some data 1rest.erday w11ere t h e  
addition of cadmiuni to the pasiti\ve iqa teria 1 enhmced 
t i le  performance to some e x ~ m t .  T h i s  was on tkc? order of 
somewhere arounc savcn pcrcer t .  Other people h a w  i n d  ic:!t ed 
to me that. t h i s  docs occur. 



V1 .9  CHEMICAL ANALYSIS PROCEDURE AT GSFC 

MAY: If you'll be patient, there was a paper that. 
summarized the effect of various foreign ions. This was 
a paper by Casey and all, The Journal of the Elect=- 
chemical Society in 1965, and they state that cadmium 
has no effect. This is their data which refers back to 
two other references. If you wish I can show you that. 

HALPEPT: The next speaker is Bill Webster who is 
going to discuss some of the results of the chemical 
acalysis on the nickel-cadmium cells here at Goddard. 

WEBSTER: This uork was performed under a contract 
that we have, or a grant, I should say,  with the Federal 
City College. On this program at the present time we have 
twc graduate chemists wcrking at Goddard, one at a 40- 
hour week and one at a 20-hour week, approximately, 

We have in the past year come out with an analysis 
of abcut 20 cells and we thought this *.auld be an oppor- 
tunity to make you aware cf these results. 

Also, there was an X report which was put out which 
was a pre-print. It was very limited distribution. This 
was our first attempt at documenting what we were doing 
here. 

Since then, it has gone through a dynamic evolu- 
tion and we came out with another one which xepresented 
our best attempts at the end of August, which is avail- 
able here and which has been distributed widely. 

Let me state that this is undergoing changes and 
that we will come out with an addendum to this. Just as 
we heard a talk by Dr. Kroger of G.E., we will probably 
be continually evolving better and more efficient tech- 
niques. 

Let me discuss first of all, before I get into the 
results, the addendum that will be coming out to this X 
report. 

Let me state first of all our differences with how 
we are going to do things from now on. We now have three 
SrXHLET extractors. Our intent in the future is to take 
a cell apart and upon taking it apart in an inert 



atmaphere, to place the poritive electrodes in one 
SOXHIFT, the negative in another, and the separator in 
the third, so that we may get three reparate aliquot8 
which we may analyze for amount of electrolyte and extent 
of carbonate. 

Also, our technique for electrolyte analysis has 
been modified as a result of discussing with Jim Dunop 
of COHSAT their way of doing it. I believe last year the 
technique involved forcing an answer; that is to say we 
assumed that the percent concentration of the electro- 
lyte was what the manufacturer put in and then we would 
analyze for the number of OH ions present and then calcu- 
late the number of c.c.'s of electrolyte in the cell. 

Prom now on, and this is in this procedure, we will 
first do a weight determination of the cell, then an OfI 
determination, and then come up with a figure which gives 
us the actual percent of the electrolyte at the time that 
this sample is analyzed. 

This is significant, from what you've been hearing 
today, with respect to the role of OH ions in the reaction 
with thc separator. For instance, if we have cells which 
!lave heen out at Crane on test for five years, yes, they 
ninht have started out at 31 percent XOH but it would 
certainly be interesting to know what they have in them 
now. 

First I would like to show you a summary of the 
results of the chemical analysis of some cells. These 
will be representative of all three manufacturers. 

(Slide 169,) 

What we have here is a list of the projects from 
which the cell had its origin, the capacitv. These cells 
all are G.E. I have another slide which shows a few 
Eagle-Picher and a few ATS. 

We have the test history. The term "virgin" is used 
to describe simply plates. Sometimes we receive histori- 
cal samples when we have cells made and that is repre- 
sented by the word "virgin." 



"Acceptance testn means in most cases that it had 
received an acceptance tcst at the manufacturer and possi- 
bly also at the prime contractor. 

And then the last cstegory is self-explanatory, 
which is the actual test history. Most of these cells 
represent cells which have been on test at Crane. 

You can see that we have analyzed or reported the 
results here: the total negative capacity, the total 
positive capacity, not what chemical species this is in. 
We have done this. We will be coming out with an X re- 
port in detail on our findings, probably in the spring 
of the year. 

But just to give you a highlight, we reported these 
numbers. 

One cell of particular interest I would think is the 
1966 historical. We just used that term. It is one we 
have had in-house. It is being shorted. It was not 
built to any particular specification. It was what was 
coming out of G.E. in 1966. It went through acceptance 
test am2 that's all. 

And you will observe that it has a 1.37 negative 
to positive ratio. 

Also we are in the process of moving our laboratory 
so we had to interrupt our analysis but you see on the 
slide there are three nickel braised seals. We have a 
fourth which will be analyzed after the first of the year, 
and this will fall in the category of a cell which has 
been through acceptance test only so we will be able to 
get a comparison then in characteristics of carbonate 
contamination, electrode growth, and things of this nature 
versus the cells which have undergone three years' 
cycling. 

(Slide 170.) 

This is more of the same material but for Eagle- 
Picher and for Gulton Industries. The designation 7-P 
means that they are lot 7 plates; this was not a cell- 
It was a three ampere-hour cell that contained 



approximate ly  10.26 ampere-hours of n e g a t i v e  and ended 
up w i t h . 8  n e g a t i v e - p o s i t i v e  r a t i o  o f  1.62. 

Down under t h e  Gulton I n d u s t r i e s  we have two ATSF 
cells i n d i c a t e d  by t h e i r  serial number which had been 
s t o r e d  by d i f f e r e n t  t echn iques .  One was a c t i v a t e d ,  
s t o r e d  s h o r t e d  and w e t  f o r  a p e r i o d  of t w o  y e a r s .  The 
o t h e r  was s t o r e d  a t  t h e  manufac turer  f o r  a p e r i o d  o f  t w o  
years i n  a rgon  atmosphere  b e f o r e  be ing  a c t i v a t e d  and 
going through acceptance  test. 

And then  the  t o p  ATS there is an example o f  t h e  posi- 
t i v e  p l a t e  and t h e  n e g a t i v e  p l a t e ;  h i s t o r i c a l  m a t e r i a l s .  

( S l i d e  171.)  

Next I would l i k e  to  ;how you t h e  r e s u l t s  on t h e  
same cells of o u r  c a r b o n a t e  a n a l y s i s ,  And this is by 
Xr. Jones-- L e t  rile g i v e  c r e d i t  where c r e d i t  is clue. 

Thi s  work i s  a conb ina t ion  of a l o t  of people's 
e n e r g i e s :  Floyd Ford, Gerry H a l p e r t  and myself have Iiad 
i n p u t s  t o  the procedures ,  and so have q u i t e  a few people 
i n  i n d u s t r y  who have c o n t r i b u t e d  tlieir ideas.  

T!w a c t u a l  work i n  t h e  l a b o r a t o r y  has heen 12one L;. 
M r .  C l i n t o n  Jones  o f  F e d e r a l  C i t y  Co l l ege ,  and Xr. I f e c h i  
Opalu i  o f  F e d e r a l  C i t y  Co l l ege ,  a l s o .  

Th i s  is  us ing  Halper t / Jones  t echn ique  as r e p o r t e d  l a s t  
y e a r  for t h e  ca rhona te  de t e rmina t ion .  

In the case of t h e  n i c k e l  b r a i s e  r e s u l t s ,  thc i)cr- 
c e n t  potass ium c a r h o n a t e  i n  t h e  e l e c t r o l y t e ,  we received 
t h e s e  cells from Crane and Crane had a l r e a d y  percorned 
t h e  a n a l y s i s  o u t  t h e r e  so w e  had t o  i n p u t  t h e i r  d a t a  into 
our program, and t h e s e  a r e  the numbers t h a t  we came I A ~  

w i th .  

O f  i n t e r e s t  i s  t h e  AE cel l ,  a tmospher ic  explorer. 
That  r e p r e s e n t s  l o t  3,  s e r i a l  number 89. S t  had bccn 
through acceptance  test. Note t h e  extremely l o w  n i c k e l  
ca rbona te ,  cadmium ca rbona te ,  and pe rcen tage  o f  carbonate 
i n  t h e  e l e c t r o l y t e .  And I unders tand  from t a l k i n g  t o  



Gerry H a l p e r t ,  t h e  p r o j e c t  e n g i n e e r  a t  Coddard on t h i s  
program, t h a t  t h i s  cel l  had seen  a  s p e c i a l  n t e p  a t  G.E. 
which I ' m  n o t  f a m i l i a r  w i t h .  I d o n ' t  t h i n k  it i s  s i g n i -  
f i c a n t  r i g h t  now, b u t  it is one s t e p  anyway f o r  removing 
c a r b o n a t e  from t h e  cells,  and it seems t o  work. 

Without going i n t o  t h e  d e t a i l s ,  t h e  d a t a  is f u r -  
n i shed  and is obvious  t h e r e .  

I ' d  s a y  t h i s  is s t r i c t l y  a  weight  p e r c e n t .  We were 
t a l k i n 9  y e s t e r d a y  abou t  D r .  S c o t t ' s  f i g u r e s  v e r s u s  
COMSATts f i g u r e s  and so f o r t h .  T h i s  is t h e  p e r c e n t  p o t a s -  
sium c a r b o n a t e  by we igh t  o v e r  t h e  p e r c e n t  uf e l e c t r o l y t e .  
However, I would c a u t i o n  one  t h i n g :  T h i s  d a t a  i s  f o r c e d  
a g a i n  because we assume t h a t  w e  had -- was it 31  p e r c e n t ,  
Gerry? -- 31 p e r c e n t  po tass ium c a r b o n a t e  i n  a l l  t h e  cells 
and so w e  ended up a n a l y z i n g  f o r  t h e  OH i o n s  and then  
coming up w i t h  a  number o f  c.c. 's.  So w e  a r e  t a k i n g ' o u r  
number f o r  potass ium c a r b o n a t e  and p u t t i n g  it o v e r  a C . C .  

va lue  conver ted  t o  grams, u s ing  a d e n s i t y  f i q u r c  o f  1 . 3  
f o r  31 p e r c e n t  po tass ium c a r b o n a t e .  

I f ,  indeed ,  on some o f  t h e  o l d e r  c e l l s  a f t e r  sope 
c y c l i n y ,  t h e  c o n c e n t r a t i o n  is not 3 1  pcrccnL, then  t h a t  
c k n s i t y  f i g u r e  is i n c o r r e c t .  g u t  t h i s  is  c a k i n g  a v a i l -  
able--  I t h i n k  it is  r c a l i s t i c  and r e p r e s e n t a t i v e  of 
what is i n  t h e  cel l .  And i n  the f u t u r e ,  o u r  work w i l l  be 
based s t r i c t l y  on  a  weight  d e t e r m i n a t i o n  o f  e l e c t r o l y t e  
and w i l l  b e  a  l i t t l e  b i t  mcre a c c u r a t e .  

( S l i d e  1 7 2 . )  

Flore d a t a .  T h i s  is Eagle-Picher  and Ctulton Inclus- 
tr ies,  a l s o .  The term "dry"  is s e l f - e x p l a n a t o r y .  T h i s  
was a strict d e t e r m i n a t i o n  on p l a t e s .  They were n o t  i n  
a  cel l  s o  t h e r e  was no e l e c t r o l y t e  to  ana lyze .  

The n e x t  a r e a  of  concern  or chanqe t o  t h i s  docu- 
ment w i l l  be-- I n  h e r e  is r e f e r e n c e  to  a t echn ique  f o r  
do ing  n i t r a t e  d e t e r m i n a t i o n  which w e  2re a l l  f a m i l i a r  
w i t h ,  which is known as t h e  K je ldah l  t echnique .  We don ' t .  
do t h a t .  

239 
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Mr. Halpert ha6 procured a Taylor-Bett coulora.tric 
apparatur for doing nitrate determinations so we will be 
applying this technique in the future for the nitrate 
determination. 

The next area in this report which should be dis- 
cussed is the electrochemical test as opposed to chemical 
analysis. Mr. Ford and myself concocted a scheme which 
we thought would be a nice way of insuring stability in 
steady state data for electrochemical determination. 

This is the plates in the flooded state, the 
negative-to-positive ratio, the amount of recharge and 
things like this. 

We had a slight error in our oricjinal concept and 
this will be the cause for the addendun to our procedure, 
and I will show you what this error is and how it affects 
the results. 

(slide 173.1 

Thu error concerns haw we determine the base line 
ca?,wi ty . :Je made a supposi tion which was incorrect. Wc 
saiu all right, let's say if the cell is a nominal 12 
adnixre--hour cell, let's charge it ul) for 200 percent 24 
ampore-hours, the C/10 rate before we start to determine 
the negative-to-positive ratio. 

That's not sufficient. It is fine for the positive 
plate as demonstrated by these results here, so we will 
leave the procedure as 200 percent at the C/10 rate as 
indicated at the bottom of the picture. 

But if you will note, we have one column which gives 
the manufacturer's nominal capacity. Then we have what we 
found to he present chemically in the cell, and then we 
have also what we got out electrochemically by putting in 
200 percent of the nominal, and the percent utilization. 

There's a second step to this process. fJe do two 
thing8 essentially. One is we determine a base line 
capacity which is then calculated into an equation which 
are mentioned in the report which is used to perform a 



t h r e e - c y c l e  s t e p  f o r  g e t t i n g  t h e  s t e a d y  state nega t ive -  
t o - p o s i t i v e  ra t io  and the r a t i o  is determined a n  t h e  t h i r d  
c y c l e .  

But i f  you have n o t  f u l l y  charged up t h e  cell i n  
t h e  f i r s t  p l a c e ,  t h e n  your subsequent  d a t a  w i l l  not re- 
f l e c t  what r e a l l y  happens and t h a t  w i l l  b e  obvious  by t h i s  
s l i d e .  When w e  t a l k  about  t h e  n e g a t i v e  e l e c t r o d e ,  t h e n  w e  
y e t  i n t o  t r o u b l e .  

( S l i d e  174.)  

T h i s  is an AE cell ,  G.E. 6 ampere-hour. I t ' s  t h e  
one we've been fo l lowing  r i g h t  th rough t h e  sequence.  

The chemica l ly  determined n e g a t i v e  p l a t e  c a p a c i t y  
was 21.47 ampere-hours. :low we assumed t h a t  t h i s  was a 
6 and you cha rge  it up 200 p e r c e n t  and t h a t  would g i v e  
you approximate ly  12 ampere-hours, y e t  t h e  cell  had 21 
ampere-hours, so t h a t  is where t h e  test  was i n  error. 

The b a s e  l i n e  e l e c t r o c h o n i c a l  d a t a  f o r  approxi -  
xitc1-j- 200  i ~ e r c e n t  charrje i s  shown titare. !*re put in 13 
rt:.ywt~-hc.,~trs. Y!C? go t  out 6.9, or ~ n l y  a 32 p e r c c n t  
.J t i . 2 i z a A o n .  

!Jo modif ied t h e  procedure 30 t h a t  we c!~arged a t  
C/10 u n t i l  we p u t  400 p e r c e n t  i n ,  d i t x h a r g e d ,  and w e  g e t  
a 61 p e r c e n t  u t i l i z a t i o n .  

So we w i l l  recornend t h a t  i f  this procedure  is  
fol lowed f o r  de t e rmin ing  n e g a t i v e - t o - p o s i t i v e  r a t i o ,  t h a t  
you cha rge  a t  200 p e r c e n t  f o r  t h e  p o s i t i v e  c l e c t r o d e  and 
a t  400 p e r c e n t  f o r  t h o  n e g a t i v e  e l e c t r o d e .  

I b e l i e v e  t h a t  conc ludes  t h o  n a t c r i a l  I have.  

!IALPERT: Any q u e s t i o n s ?  

SCOTT: I n o t i c e d  t h a t  some o f  your  chemica l ly  
determined p o s i t i v e  c a p a c i t i e s  run  a l n o s t  twice t h e  
r a t e d .  I t  seem a l n o s t  l i k e  maybe even t h e  200 p e r c e n t  
cha rge  n igh t  n o t  he q u i t e  enough f o r  t h e  p o s i t i v e .  



~WBSTER: This  ir an  area of c ns idera t , .m.  How- 
ever, we take t h i s  i n t o  cons ide r a t i c  , i f  you w i l l  read 
the procedure, under ou r  ateady s tate  determination.  As 
I s a i d ,  we run t h r e e  cyc les .  When we run theae t h r e e  
cyc l e s  we take  t he  base l i n e  capac i ty  and f a c t o r  i n  1 2 0  
percent  of t h a t  number. 

We then pu t  another  20 percent  more i n  over what 
we o r i g i n a l l y  had determined as t h e  base l i n e  capac i ty .  

1 

I t ' s  not obvious. I t  sounds l i k e  a bunch of * I  
gibber i sh ,  !;ut i f  you read the procedure you w i l l  see our a 
secfuencc and our equations. And we uso one t o  determine -- i t o  g ive  us  a s t a r t i n g  po in t  because t h e r e  is ,  as cvery- 

i one knows, no r c l a t i o n s h i p  between the nominal capaci ty  :" 
and what i s  a c t u a l l y  the  ce l l ,  so t h a t  j u s t  a c tua l l y  i 

gives  us the base l i n e  capac i ty .  
J 

T h m  we appl>* an i ne f f i c i ency  -- i f  you want t o  
c a l l  it .-- factor and we charqc a n  add i t i ona l  20 p e r c e ~ ~ t .  

RATPEL: You s a i d  31  percent  potassium carbonate.  
You meant t o  tiav 31  ~ e r c e n t  ~ o t a s s i w n  hydroxide. 

1 . . : Thank p u ,  Guy. 

1 i O n  your accounting for your analysis ycu 
said you averaged maybe t en  percent n i c k c i  carbonate i n  
t h e  acti-:e :~tatcr ia . l .  

1 :  T h i s  chemical capac i ty  nur+Ler, what  iz th;t 
based on? 

MEDSTER: Okay, thac's pure  chcmicdl; that is  rm! 
e l c c t rochen i ca l .  3!1at is t he  r e s u l t  of  f o l l n w i n q  t h e  
i.lrocc.dure i n  hcrc for tlctcrni:.tinq the ~ O U I I !  ~f i : ~ c  
ma te r i a l .  



T h i s  is n o t  b l a c k  and it i s  not; clecttccl~en\ical. 
I t  d o e s  n o t  take i n t o  a c c o u n t ,  l e t ' s  say, u t i l i z a t i o n  
or e l e c t r o c h e m i c a l  e f f i c i e n c i e s .  

ICLEIiJt Okay. Does t h a t  number include ti.c n i c k e l  
a c t i v e  m a t e r i a l ?  Is t h i s  a form of c a r b o n a t e ?  That 
i n c l u d e s  t h e  c a r b o n a t e ?  

IJEBSTER: Yes. 

KLEIN: So o n  t h a t  b a s i s ,  u t i l i z a t i o n  o f  t h e  non- 
c a r b o n a t e  form of t h e  act ive n i c k e l  would he h i g h e r  cn 
t h i s  l i n e ?  

\JEBBri?ER: I t  would h a v e  to  be. 

A l s o ,  l a s t  y e a r -  I m i g h t  l i k e  t o  clarify one 
t h i w j  -- the q u e s t i o n  cane up w i t h  regard to I low do wc: 
know t h a t  we have  a l l  of t h e  c a r b o n a t e  o u t  of the i ~ l a t e s ?  
I guess it w a s n ' t  o b v i o u s  what  o u r  t e s t  sequence was. 

i . 7 ~  go  t h r o u g h  a SOMILET e x t r a c t i o n  and of course 
your c;lr!;onatc i s  s u l u h l e  i n  hot water, and :a ntcldc n 
otuuy of the mtract  from the SOXIILST a!;J .*e rww recur- 
!~i?:st', a - I S  -!!our e::trdc t io!l to  alake our<: t!lat: ::f.u I:.:vs 
i1r12wd rmoved ,111 of ti13 c a r b o n a t e  arid a I I  the W! f rcsi 
the plates. 

WADHAM: I I o w  c r i t i c a l  do you t h i n k  i t  ifi t,!lat you 
oper. t h e  cells u!) i n  a n  inert a t n o s p h e r e  before y c u  t r n n s -  
fe r  t o  a SOXIILET? 

WEBSTER: It's l i k e  c h i c k e n  soup. I t  w o n ' t  h a r t .  

\JADIIAM: You open  it up  i n  there and t h e n  as ra'iclly 
as you c a n  you t r a n s f e r  it to the  SOXIILCT i n  an  inert 
a tmosphere .  You d o n ' t  think it would have  any d e q r a d i c r j  
e f f e c t  on  your  a n a l y s i s ?  

VlERSTER: You would h a v e  t o  d o  a q u a l i t y  control 
s t u d y  on it I would t h i n k .  

HALPERT: Can I c l a r i f y  t h a t  f o r  one moment? 



The p l a t e r  are packed i n  a p l a s t i c  p l y o f i l m  bag  i n  
t h e  chamber and moved to t h e  SOXHLET and w h i l e  t h e r e  is 
n i t r o g e n  p a r s i n g  through the SOXHLET, t h e  bag is opened 
and t h e  p l a t e  i r  dropped i n  and immediately s e a l e d  so 
we minimize to  any e x t e n t  t h e  amount of-- 

tVADHAT4: 1 was wondering how cr i t ical  it would b e  if 
you g o t  a i r  i n t o  t h e  p l a t e s .  

WEBSFR: I I o w  much carbon , .onoxide would you abuorb  
a s  a r e s u l t  o f  having t h e  s i n t e r  s t r u c t u r e  p a s s  th rough 
t h e  a i r  is t h e  q u e s t i o n  b r i e f l y .  I d o n ' t  know. 

SCOTT: As I mentioned y e s t e r d a y ,  w e  took  a  look  a t  
t h a t  and found t h a t  w i t h i n  a  period of s e v e r a l  minutes  a t  
l e a s t ,  t h a r e  wae n e g l i g i b l e  e f f e c t  on t h e  p ? a t e s  b u t  t h e r e  
was a  d e f i n i t e  e f f e c t  on s e p a r a t o r s .  S i n c e  it t a k e s  some 
t i m e  to  t a k e  a cell a p a r t  and to  remove t h e  s e p a r a t o r ,  I 
would t h i n k  t h a t  w i t h i n  a p e r i o d  o f  a few min 2s you 
would fsee a  s i g n i f i c a n t  error i n  ca rbona te  p ickup  i n  t h e  
s e p a r a t o r s .  

"r? Clounc: like five t o  t e n  y r c c n t  e r r o r  w i t h i n  f i v e  
i ~ i r l ! i  t c s  ' exposure of ac :mra tors  tc the a i r .  

,...,=,-.-. , ,  i 'Icars ago a t  Codclarri, a n  experiment  v!as 
r u n  i n  which s in te rec!  p l a t e s  were exposed to  the a i r  and 
a s o l u t i o n  o f  KOM was exposed to  t h e  air, am'. t h e  carbo-  
n a t e  contarninat ion of  t h e  s i n t e r e d  p l a t e s  was q u i t e  h igh .  
The p ickup  by e l e c t r o l y t e s  s i t t i n g  i n  t h e  beaker  was ve ry  
l o w  lrecause it is  a s u t f a c c  r e a c t i o n  and t h e r e  wasn ' t  much 
s u r f a c e  a r e a  exposed. 

I.IADliA:.f: I was rrlore concernecl V J ~  t h  what e f f e c t  it 
might have on t h e  cadmium, whether  t h a t  migil t  get con- 
v e r t e d  to cadmium o x i d e  or cadmium hydroxide d u r i n g  t h a t  
time. 

WEDSTCR: W e l l ,  i n  o u r  procedure ,  t h a t  o p p o r t u n i t y  
is n o t  a f f o r d e d  becauae w e  are i n  an  i n e r t  atmosphere.  

FORD: I would l i k e  to  p o i n t  o u t  f o r  t h o s e  who 
haven ' t  a l r e a d y  made the  connec t ion  between rhe l e f t -  
hand t i t l e  t h e r e  on all t h e r ~ e  Vugraphs v e r s u s  some ot t h e  
p rev ious  d i s c u s s i o n s  we've had, t h e  nickel b r a i s e d  cells 



are t h e  ones  I d i s c u s s e d  abou t  the 24-o rb i t  test r e s u l t s .  
OSO cells are on test a t  Crane.  P r a c t i c a l l y  e v e r y  one  
of  t h e s e  cells is on l i f e  test  a t  Crane,  so w e  are making 
an  a t t e m p t  to  c o r r e l a t e  t h e  electrical performance w i t h  
t h e  e l e c t r o c h e m i c a l  a n a l y s i s  t h a t  we're g e t t i n g .  

TNORNELL: On your  t h r e e - c a p a c i t y  c y c l e  have you 
recorded  c a p a c i t y  f o r  p o s i t i v e  and nega t ive?  

WEBSTER: Yes, w e  do. What w e  u se  is a t h r e e -  
e l e c t r o d e  sample, t h r e e  p o s i t i v e  electrodes, t h r e e  nega- 
t i v e s ,  and w e  r eco rd  t h e  ampere-hours i n ,  ampere-hours 
o u t  a t  t h e  end of  each  c y c l e .  And w e  sre do ing  a s t a t i s -  
t i ca l  a n a l y s i s  to  see i f  it is r e a l l y  necessary .  

T h i s  is a ve ry  c r e a t i v e  and dynamic p r o g r a a  and it 
changes a s  w e  go  a long  and a s  we've l e a r n e d ,  and on t h o s e  
cells where w e  had s u f f i c i e n t  cha rge  t o  t a k e  care o f  t h e  
m a t e r i a l  t h a t  was a c t u a l l y  t h e r e ,  w e  would f i n d  t h a t  t h e  
v a r i a t i o n  between c y c l e  one and c y c l e  t h r e e  was on t h e  
order o f  one p e r c e n t  d r i f t  from c y c l e  to  c y c l e .  

TVOXJSLL: 9no the r  t h i n g  on your  s e ~ a r a t i o n ,  keep 
away fro3 c?llo:3!1ane. I t  might c?ot1,7 t h e  c a p a c i t y  on 
t h e  ca+i,iun; i t ' s  s o r t  o f  b e n e f i c i a l .  

VJEBSTER: Right  now we're using-- C l i n t ,  what are 
we us ing  i n  t h e r e ?  

The s i m u l a t o r  w e  u se  between t h e  p o s i t i v e  and t h e  
n e g a t i v e  when we're going t o  f l o o d  and e l e c t r o c h e m i c a l  
t e s t ,  it looks  l i k e  a PVC g r i d  m a t e r i a l ,  something l i k e  
t h i s  t h a t  is ba ing  used a t  t h e  p r e s e n t  t i m e .  

FALPERT: These p l a t e s  a r e  r u n  f looded  and t h e y  20 
have a s e p a r a t i o n  which is KOP i n e r t .  I ' m  n o t  e x a c t l y  
s u r e ,  I t h i n k  t lexar,  b u t  I'm n o t  c e r t a i n  abou t  t h a t .  

Thank you, B i l l .  

PmBSTER: Excuse m e .  There is one l a s t  t h i n g .  

I asked t h e  f e l l o w s  should  X show any p l a t e  t h i c k -  
n e s s e s  and they  sa id ,  "Oh, no, of  c o u r s e  n o t .  30 one  is 
i n t e r e s t e d  i n  t h a t  d a t a . "  



Then of  cou r se  J i m  Dunlop of  COMSAT s a i d  gee ,  he ' d  
l i k e  t o  see some s o  I h u r r i e d  up and made some t h i s  morning. 
L e t  m e  show it. 

... 
( S l i d e  175.)  

I t h i n k  t h e  most s i g n i f i c a n t  t h i n g  t h a t  you can  see 
up t h e r e  r i g h t  now is-- T h i s  is  an average  v a l u e  and no 
a t t e m p t  was made a t  s t a t i s t i c a l  a n a l y s i s  o r  v a r i a t i o n ,  
and t h i n g s  l i k e  t h i s  w i l l  be  done i n  ou r  X r e p o r t  when it 
comes o u t  on t h i s  s u b j e c t ,  as t o  where t h e  samples were 
made and what t h e  p l u s  o r  minus is. 

But I f i n d  it i n t e r e s t i n g  t o  look a t  t h e  1966 h i s -  
t o r i c a l  ce l l  from Genera l  Electr ic  and see t h a t  the pos i -  
t i v e  p l a t e  was 4 2  m i l s  t h i c k ,  and t h i s  is an uncycled 
ce l l .  

Also,  n o t e  t h a t  we do have some growth .  For i n -  
s t a n c e ,  the OSO-I cell  2-37 had an  i n i t i a l  p o s i t i v e  p l a t e  
t h i c k n e s s  o f  28-1/2 m i l s  and t h e  ce l l  1-400 shows a t h i c k -  
n e s s  of  30 m i l s ,  and t h o s e  cells  exper ienced  approxi-  
mately  900  c y c l e s ,  and t h c r c , ' s  i t  couple  of  m i l  growth i r ?  
t h e  p o s i t i v e .  

IIALPERT: Our  nex t  speake r  i s  also cping t o  t a l k  
about. nickel-cadmium cel l  a n a l y s i s ,  Ed S t o f c l .  



V I . 1 0  CELL ANALYSIS: FTOFL;L/I!UGHES 

STOFEL: Hughes s t a r t e d  i n  on a  cel l  a n a l y s i s  o f  
the t ype  we've b e e n  l i s t e n i n g  to  a b o u t  f o u r  years ago. 
I t  s t a r t e d  pretty much as a hobby of Bob S t e i n h a u e r ' s  
and A 1  H e l l e r ' s .  I t  then was picked up on IR&D and  
c a r r i e d  t h a t  way for a w h i l e ,  and a b o u t  t h e  l a s t  y e a r  or 
year and a h a l f ,  we've bcen g e t t i n g  most of our money from 
prog::am o f f i c e s  and to  t h a t  e x t e n t ,  maybe we a r e  d o i n g  
t h i n g s  a l i t t l e  b i t  d i f f e r e n t  t h a t n  wha t  some of t.he o t h e r  
p e o p l e  have  s t a t e d  here. 

We l i v e  now i n  a s i t u a t i o n  where w e ' r e  t r y i n g  tc 
save time and money and meet schedules and ce l l  a n a l y s i s  
i s  here as f a r  as we a t  Huqhcs a r e  c o n c e r n e d .  Maybe i f  
y o u ' r e  doing 20 cells here a t  Goddard you may he i n  t h e  
same p o s i t i o n ,  h u t  we g e t  asked q u e s t i o n s  by prcgram 
managers who know very l i t t l e  o r  n o t h i n g  a b o u t  hatterics: 
what have you done w i t h  my money? 





And what it r e a l l y  amounts t o  is  o f t e n  we have t o  
t e l l  h i a  or we shou ld  te l l  him -- we are n o t  always t h a t  
f r a n k  b u t  w e  shou ld  t e l l  him t h a t  w e  r a i s e  more q u e s t i o n s  
t h a n  we have answered. 

I wanted to  p o i n t  t h a t  o u t  because  I t h i n k  t h a t  some 
o t h e r  companies are moving i n  t h e  d i r e c t i o n  o f  do ing  more 
cell  a n a l y s i s  o f  a n  a n a l y t i c a l  n a t u r e ,  n o t  f a i l u r e  analy-  
sis. I t h i n k  a  l o t  o f  peop le  have been do ing  t h a t  f o r  
years. But t h i s  b u s i n e s s  o f  t r y i n g  t o  u s  cell a n a l y s i s  
t o  t r y  t o  l e a r n  something, a s  you g e t  i n t o  i t  and you 
start g e t t i n g  funding  from where t h e  money r e a l l y  is i n  
t h e  program o f f i c e s ,  watch o u t .  

( S l i d e  176.) 

The f i r s t  t h i n g  t o  n o t i c e  about  t h i s  slide, a s  a  
m a t t e r  o f  f a c t ,  i s  n o t  even the words and t h e  f a c t  t h a t  
is  is  c o l o r e d  and it h a s  t h e  s t a n d a r d  Hughes format .  W e  
a t  Hughes have s t a n d a r d i z e d  on a l o t  of  t h i n g s ,  n o t  on 
b a t t e r y  cells y e t ,  but w e  have on Vugraphs. And t h e  
j u s t i f i c a t i o n  f o r  t h i s  is  t h a t  we can  t a k e  t h e  s t a n d a r d  
format  and r e s h u f f l e  them and have a n o t h e r  p r e s e n t a t i o n  
tomorrow on a  s l i g h t l y  d i f f e r e n t  subjsct and use  t h e s e  
Vugraphs a l l  over aga in .  

T want t o  p o i n t  t h i s  o u t  i n  p a r t i c u l a r  because  some 
of tk- Vugraphs 1 -ou ' l l  see, a s  well a s  some o t h e r  ones ,  
a r e  t h e  same ones t h a t  go to  program management and t r y  
t o  t e l l  them what t h e y ' r e  g e t t i n g  f u r  t h e i r  dollars s p e n t  
on ce l l  a n a l y s i s .  

G e t t i n g  a  l i t t l e  b i t  more i n t o  d e t a i l ,  what we're 
a t t e m p t i n g  t o  do f i r s t  of  a l l  i s  b e t t e r  p r e d i c t i o n  of 
Life. :4c b e l i e v e  t h a t  t h e r e  is money to  be made or saved, 
lrowever you want t o  look st i t ,  i f  we can  get l onge r - l i ved  
batbe .ies. 



WE have yet to know of a situation of any spacecraft 
that has failed because of a wear-out degradation mode of 
the batteries. There have been some battery problems on 
spacecraft, and I am not talking just about Hughes; I'm 
talking about generally. They have been problems of in- 
congeniance or problems like, I believe, the OAO or one 
of the spacecraft had a thermal runaway or something like 
that. 

But in terms of wear-out modes w e  have yet to knov 
of a situation where this actually happened, but we worry 
about it. 

In general, besides predicting life, we also are 
looking for those failure modes. The reason we're looking 
for them is hopefully some day to cone up with a better 
way of designing satellites or at least specifying them. 
I think the cell vendors are probably as well aware as 
we are that a lot of things in our ni-cad cell specifica- 
tions today, we don't really know why they're in there. 
They're like chicken soup that was mentioned a few minutes 
ago; it doesn't seen to hurt until you get down to asking 
t h e  cell ~mnufacturex whether he really reafls the fine 
:?rint over anii over again until he nenorixes it, or 
y~!~i . thcr'  hc! has time to do that. 

!.Je would like to simplify our specifications. It 
would be ideal. If it means have a more complex specifi- 
cation, however, to get long life, that's the way it will 
have to be. 

Our approach is very much like you have been hear- 
ing. We examine the cells with a whole series of tests. 
We write up a report, typically per cell, aimed at the 
particular program office involved. : 

We also, as our own little battery section task, - 

compile this and try to compare notes. We have some 
programs that are synchronous obviously at Hughes; we also 
have some that are not synchronous. We have polypropy- . I lene committed to flight on some programs. We have a 

, Z test, for example, where we have an equal number of poly- 
propylene and nylon separator-type cells running at 90 

$ degrees after they've been running for about like two 3 
3 years. 4 



We've p u l l e d  cells new. We've p u l l e d  a p a i r  o f  
cells o f f  a f t e r  500, approximate ly ,  c y c l e s ;  a f t e r  
approximate ly  1,000; a f t e r  approximate ly  15,000; 
a f t e r  2,000. We're abou t  ready  to  p u l l  some more, so 
we can  g e t  some t i m e  h i s t o r y  from t h a t .  

We've been looking  a t  some of  t h e  cells from t h e  
I n t e l s a t - 4  program t h a t  S t a n  Krause r e p o r t e d  on ,  t h e  
e l e c t r i c a l  performance h e r e  l a s t  y e a r ,  and so f o r t h .  
That's the  type of d a t a  t h a t  w e  are looking  a t .  

( S l i d e  177. ) 

Our procedure  looks  l i k e  t h i s ,  a s  a n  overview. W e  
claim very  l i t t l e  o r i g i n a l i t y  i n  terms of  t echn iques .  We 
have borrowed or s t o l e n  wherever  w e  can .  I t h i n k  due  
acknowledgement shou ld  go c e r t a i n l y  to  B a t t e l l e , o b v i o u s l y  
t o  NASA/Goddard, t o  COt%!SAT c e r t a i n l y ,  and (; .r . h a s  been 
v e r y  h e l p f u l  i n  g i v i n g  u s  some icleas,  t o o ,  on some o f  ou r  
procedures .  

Those a r e  t h e  p r i n c i p a l  ones  h u t  we have a l s o  asked 
otkier seonle f o r  hel:, . 

The way t h i s  box is sn rcad  o u t ,  t h i s  f low d ia7 r .mc  
it  is one t h a t  ha?pens t o  f i t  the p r o c c c l ~ ~ r n s  t h e  c a y  wh'e 
do t h e n  a t  IIughes. I 'n n o t  saying  it i s  t h e  way ever:)- 
thing has t o  be done. I t  j u s t  is t a k i n g  t h e  over-311 
t h i n g s  t h a t  have been t a l k e d  about here a t  ilASA/Godtlarrl 
and n u t t i n g  them i n t o  t h e  Huqhcs env i ronnen t  and usin: 
t h e  people  a v a i l a b l e .  

We c o n s i d e r  t h i s  f i r s t  box very  impor tan t .  V~ havc 
t h e  impress ion  t h a t  some neo~le n e g l e c t  t h a t .  V1e !I,-IVP 

found t h e  ccll nanafacturers vary hr??:?fttl.; once the:* 
understam! why we want t o  bot!ler then 5 y  q c t t i n q  a ? 1  t":!:,:: 
clat t h e y  a r e  g e n e r a l l ; ~  very ! ~ c l n f u l  i n  . j e t f i n ?  t h i s  ;,":-. 

Our  rc.:xesar, tativcs a t  the mmaf acturcrs ! !oy?~fi~l  I_' 
spcn:! zost of t h e i r  t imc and  d o n ' t  interfere t o o  nuch 
w i t h  t h e  p roduc t ion  j,.)eople, b u t  w e  have a s t andard  f c r m  
r;hich is about t h r e e  :>ages long, a E i l l - i n  q u i z ,  so t o  
sljcak, p e r  cc l l ,  j i v i r q  t h e  u c t a i l c c l  history and t?h:. 
xc're go ing  t o  be uoing t h i s  p a r t i c u l a r  analysis. 



Physical measurements is fairly sirly)le. ik I i.casul;e 
the weight compared to the weight at which it left t!;c 
cell vendor. iVo measure the thickness, both in the res- 
trained condition and in tile unrcs traiceu condition t # ~ -  
cause we're going to use that later on in order tc sal- 
culate the ;;hickness of the separator, an item which ve 
feel is rather important from :;omc of the results we've 
seen. 

tcte also look for potential electrolyte leakage ,at 
this point. 

Electrical normalization: This I sus~ect is a 
controversial area. Our present standard procedures -- 
and like Bill mentioned, I'm afraid our standard pro- 
cedures are a growing thing but we !lave to tell our pro!?- 
ram managers we 're doing things by standard proced..res 
or they tear their hair out. 

But essentially our standard procedures include six 
cycles to one volt as well as a full discharge rccondi- 
tioning. If we don't do this we can see definite effects 
of near-tcrm history w!um we open u;) the cell. A n d  the 
:,art t h t  is controversial is shoulG you q e n  up t h e  cc:ll 
as is, and atternpt to nake sor!~~ sense out of ';?.;I%, o:. 
should you qive it a reconclitioniny , or whatever you wa:~t 
to cell it, a normalization procedure, and do it on that 
basis? 

The first approach of opening up the cell im~e- 
diately gives you a hope of catching the short-term 
transients, that effects that arc in the cell that can 
easily be wiped out by reconditioning and so forth. 

The other approach gives you a more basic or funda- 
mental viewpoint of what the somewhat longer-term effects 
are, what we've been calling longer-term effects. We 
have some reason to be suspicious that even the longer- 
term effects are not so long-term. 

We talk about putting a cell through an acceptance 
test at maybe 30, 40, SO cycles because it takes that long 
to equilibrate. And then we take an old cell that has 
been cycling maybe 2,000 cycles and we give it six cycles 



c y c l e s  and w e  8ay well, we've p u t  t h a t  back in to  an equi- 
l i b r a t e d  p o s i t i o n .  And I suspec t  w e  have n o t  r e a l l y .  

I am n o t  t e l l i n g  most o f  you anything new when I 
p o i n t  o u t  t h a t  t h e  b a t t e r v  is a  very dynamic s i t u a t i o n .  
I do t e l l  our  program managers t h a t  a  t y p i c a l  s p a c e c r a f t  
l i k e  an L-SAT-4 which is -- w e  have some l a r g e r  and some 
smaller-  dur ing  maximum e c l i p s e  t h a t  evening i n  t h e  f a l l ,  
i n  t h e  w i n t e r ,  has  about  s i x  pounds of m a t e r i a l  up t h e r e  
t h a t  a r e  going through chemical r e a c t i o n s  and we're ex- 
pec t ing  t h a t  t o  s t a y  i n  one p lace  and it d o e s n ' t ,  p a r t i -  
c u l a r l y ;  it migra tes  around and does t h i n g s  l i k e  t h i s .  
I t ' s  a very dynamic s i t u a t i o n .  

I th ink  we have t o  be much concerned when w e  compare 
no tes  with each o t h e r  what we have done here.  ( I n d i c a t i n g . )  

I n  terms o f  measuring t h e  p o s i t i v e  c a p a c i t y  s t a r r e d  
an3 t h c  pre-charge w e  fol low what we b e l i e v e  i s  s t i l l  t h e  
CDllSAT procedure, a t  l e a s t  what they had i n  t h e  Power 
Sources Conference a few y e a r s  ago, and published.  We 
have some questions on t h a t  h u t  genera l ly  w e  a r e  g e t t i n g  
r e p r o d u c e a l ~ l : ~  results off  of t h a t ,  b u t  it depends some- 
wha t  on tlhnt you ' re  doing here. ( InCicat ing  90x 30 .  3 , )  

1Tith recjarti to c e l l  c!isa.;scnhly, l,?e l?o it unckr the 
n i t rogen  environment, a glove bo;i. !,?e keep t h e  glove box 
about  70 t o  90 percent  humid so we d o n ' t  g e t  t o o  much 
evaporat ion.  Ve do p u l l  t h e  c e l l  a p a r t  a t  t h i s  p a r t i c u -  
l a r  t i m e ,  s epa ra t ing  it o u t  i n t o  p o s i t i v e  p l a t e s  i n  one 
r>acl:arje, negat ive  p l a t e s  i n  ano thc r ,  and s e p a r a t o r s  i n  t h e  
t i .  A i l d  i n  f a c t  wc have a n  a l l o c a t i o n  t h a t  i s  a l i t t l e  
b i t  more-complicated than t h e t ,  h u t  t h a t ' s  b a s i c a l l y  w h a t  
i t  is. 

So when w e  come down h e r e  t o  t h e  SOXIILET, we've been 
doing f o r  q u i t e  a per iod  of t i m e  s e p a r a t e  SOSIILETts on 
nega t ives ,  p o s i t i v e s ,  and t h e  s e p a r a t o r s .  We t ake  un- 
SOXlII,I?l"l'ed p l a t e s ,  two each on the  nega t ives  and two each 
on the p o s i t i v e s ,  and do t h e  electrochemical cycl ing  on 
thii t . 

We support  our  a n a l y s i s  down here by atomic adsorp- 
t i o n .  General ly i t  is p r e t t y  goo(1, I cau t ion  you, though, 



i f  you a r e  n o t  do ing  t h e  work y o u r s e l f ,  a s  we p e r s o n a l l y  
d o n ' t  -- we do it i n  o t h e r  p a r t s  of IIughes, or send  i t  
o u t  -- b e  s u r e  you send c o n t r o l s  a long  because we've had 
some e r roneous  r e s u l t s .  

We have also done it by EDTA and f i n d  good r e s u l t s  
t h a t  way, too. 

We do emiss ion  spec  g e n e r a l l y .  On a n  o p t i o n a l  
b a s i s  w e  do  scanning  e l e c t r o n  microscopy. 1.k do t h e  NOx 
a n a l y s i s  and we d o  a s e p a r a t o r  weight  a n a l y s i s .  

( S l i d e  1 7 8 . )  

As a g e n e r a l  d e t a i l  on t h e  chemical  and p h y s i c a l  I 
want t o  p o i n t  o u t  a coup le  of items. We t a k e  a  s ix-pack 
o f  necratives. T h a t ' s  what goes  i n t o  o u r  SOXIILET. We 
weigh it w i t h  e l e c c r o l y t e .  W e  e x t r a c t  it. We then  
weigh it soaked with a s  much water a s  p o s s i b l e ,  sffueecjee 
it o f f  t o  make it reproduceable ;  we vacuum d r y  i t  and 
weight  it a g a i n .  And o u t  of  t h a t  w e  mt  n o t  on ly  t h e  t o t a l  
weight  b u t  t h e  e l e c t r o l y t e  t h a t  was i n  t h e r e .  We have a 
;>rctty good i n d i c a t i o n  of  what thc void volume is. !9c 
i iav2 a i n o r e  eler,cant way of ch imj  voiG volct~ne w i t h  vacuun 
i~l: ;~rc~;nat-isn iind t h a t  sort of s t u f f  and us ing  n c h l o r i -  
r..~t,e~I d i a n i n e .  i ; ~ t  on a  r o u t i n e  !:asis,  t r y i n g  t o  Go 
t h i n g s  cheap, we g e t  a good f i r s t  approximat ion  j u s t  
u s ing  wa te r .  

We go through f a i r l y  s t a n d a r d  a n a l y s i s .  I t h i n k  
you 've hea rd  enough about  t h a t .  T won' t  t a k e  time to  go 
i n t o  d e t a i l .  

Rou t ine ly ,  we do, however, do check f o r  po tass ium 
a s  w e l l  a s  t h e  011 and carbonate by t i t r a t i o n .  ttc happen 
to  use a ?I1 meter  r a t h e r  t h a n  any o t h e r  i n d i c a t o r .  W e  
a l s o  now a r e  checking  potass ium so t h a t  o u r  bookkeeping 
a l l  comes o u t .  We're doing  b a s i c a l l y  double-en t ry  book- 
kee:>inq h e r e .  

( S l i d e  179.) 

We g e t  r e s u l t s  t h a t  a r e  p r e t t y  much l i k e  what has 
been r e p o r t e d  b u t  I want t o  p o i n t  o u t  t h a t  rhen you 
s t a r t  looking  a t  a  v a r i e t y  of cells you do see t h i n g s  t h a t  
r a i s e  q u e s t i o n s ,  as  I po in t ed  o u t .  
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This  is p r e t t y  much what w e  see i n  a  d ischarged rat- 
v e r s a 1  o u t .  We measure the amount of hydrogen. I t  i r  
only  hydrogen coming o f f .  W e  use  a  gas  chromatograph. 

We have been- Th i s  is a r e a l  cell  t r a c e ;  t h i s  is 
ano the r  r e a l  cell  t r a c e .  They both  came from t h e  same 
program. They d i d  have d i f f e r e n t -  They were e s s e n t i a l l y  
t h e  same cells, a s  f a r  as I know, when they  l e f t  t h e  manu- 
f a c t u r e r  b u t  they  did have d i f f e r e n t  c y c l i n g  h i s t o r i e s .  

I n  t h i s  one i t  g i v e s  on ly  i n d i c a t i o n  of being nega- 
t i v e  l imi ted .  There was no gas coming o u t  whatsoever,  
no bubbles,  no nothing. 

On t h i s  one h e r e  w e  had a s i t u a t i o n  where t h i s  was 
a l l  hydrogen gas.  I t  was on ly  a t  this p o i n t ,  toward t h e  
end, that w e  begin to g e t  a n  i n d i c a t i o n  of  any oxygen 
coming o u t  a t  a l l .  

I j u s t  p o i n t  o u t  t h a t  h e r e  a r e  t w o  cells t h a t  g i v e  
somewhat d i f f e r e n t  r e s u l t s .  We're n o t  s u r e  y e t  what it 
a l l  means b u t  it does occur.  Ye have to  be  a l e r t  t o  t h t  
type  of th ing .  

Another t h i n g ,  w e  t a l k  about  t h e  e lec t rochemical  
c a p a c i t y  of t b e  p l a t e s .  We do we a menbrane, inciden- 
t a l l y ,  i n  terms of  g e t t i n g  o u r  measurements. 

The p o s i t i v e  we f i n d  f a i r l y  reproduceable;  t h e  nega- 
t i v e  is (lependent upon s e v e r a l  t h i n g s ,  depending upon 
whether you have a s a t u r a t e d  or non-saturated KOH so lu-  
t i o n  w i t h  cadmium hydroxide or not .  As you c y c l e  t h e s e  
t h i n g s  more than one t i m e  i n  a beaker ,  the c a p a c i t y  moves 
i n .  But w e  a l s o  see i n  some c a s e s ,  a  s t e p  -- Font t a l k e d  
a l i t t l e  b i t  more about  t h i s  l a s t  yea r  a t  t h i s  conference,  
what t h a t  s t e p  might mean. 

But t h e  p o i n t  t h a t  w e  want t o  p o i n t  o u t  is t h a t  a s  
w e  c y c l e  it a couple of times, it goes from t h i s  to  t h a t  
condi t ion .  What does t h a t  mean? What va lue  should w e  
plug i n t o  our  l i f e  p r e d i c t i o n s  i n  terms of using what w e  
would say  t o  some e x t e n t  is a conventional  approach i n  



life predictior of saying what's the utilization of all 
this? 

(Slide 181.) 

This is pretty straightforward. Incidentally, in 
both tho positives and negatives when we do our cycling 
in a beaker we do it under a nitrogen atmosphere. Bcb 
Steinhauer reported this at the Electric Chem Society a 
few years ago. 

This is pretty straightforward. The available pre- 
charge we feel is very sensitive to the immediate past 
history of the cell and so is the unavailable precharge, 
the ratio of these, the amount that you pick out, one or 
the other. It is also dependent upon the rate that 
depends upon some crystal structure items I will touch on 
briefly . 

This is obtained by subtracting one number from 
another so it really depends upon what electrochemical 
measurement we get. And in that Vugraph I just pointed 
out tefore with the double plateau, which plateau should 
wc take as the end point? 

Ile've gotten into oorni. discussions of the physical 
chemistry significance of the two, and so it goes. 

Sometimes we of course find cadmium out on the 
separator and elsewhere, and so that is a way of account- 
ing for everyt3ing. 

Here is a familiar looking Vugraph. I didn't know 
it was going to look all that familiar. But when you open 
up a cell on the East Coast it looks pretty much some- 
tines like when you open up a cell on the West Coast. 

This scale is wrong. I will correct it before I 
turn the notes in. That should bc a tenth of a milli- 
meter. I got carried away with the zero and since these 
Vugrapha were nade up while I war already on the road I 
didn't get a chance to ca tch  it. 



But i t ' r  abou t  t h e  ram. r i te  c s y r t a l r  t h a t  I t h i n k  
I p icked  o f f  o f  Van Ommering'# Vugraph. 

When I r a y  " t o p  view," t h i r  is t h e  view of t h e  
s e p a r a t o r  when you look  a t  it m i c r o r e o p i c a l l y  on t h e  
g e n e r a l  area, t h e  r u r f a c e  area of t h e  electrode. I f  you 
t a k e  the electrode which we r o u t i n e l y  do ,  and bretrk it 
l i k e  so (demons t r a t i ng ) ,  t h a t  l e a v e s  you a broken s u r f a c e  
exposed and it is undeformed o t h e r  t h a n  i n d e n t i o n ,  and 
it is a p r e t t y  weak i n d e n t i o n .  

You look a t  it  i n  c ros s -nec t ion ,  so now you ' r e  look- 
i n g  a t  what had been t h e  v i s i b l e  s u r f a c e  be fo re .  I t  i s  
j u s t  r e p r e s e n t e d  by t h a t  l i n e ,  and t h i s  i:? t h e  broken su r -  
f act?. 

The same is t r u e  h e r e  and i f  you see t h a t  t h i s  is 
~ubmic ron - s i zed  particles, this a l l  down i n  h e r e  is suh- 
micron, b u t  here you have t h e  20, 3 0 ,  40 micron d i ame te r  
b o u l d e r s  r i g h t  a t  t h e  s u r f a c e  and o n l y  a t  t h e  s u r f a c e .  

I f  you cone i n  w i t h  a n  EDAX arrd s i t  h e r e  f o r  a w h i l e  
m d  take ;+:I :: -ralb n c m  or' your  nickel-caclniun ratio here, 
1,,2;-~! . w 7  k r e ,  you SL'C t h a t  t!~e calt:liu:l has gone down here. 

1 w i l i  n o t  truly  nake a :)rediction t h a t  t5 is  is  yood 
o r  h i  t o  t h e  s u r f a c e  hut once t h i s  l a y e r  is b u i l t  xp we 
d o n ' t  see i t  changing a l l  t l l L i t  P I U C I ~  w i th  t i n e .  I t  is n o t  
n e c e s s a r i l y  bad. 

I do want t o  makc s u r e  t h a t  a l l  o f  u s  who are us ing  
,';X4 r ecogn ize  t h a t  t h i s  is a vary powerful  tool. I ' v e  
used SE;! on a l o t  of t h i n g s  for s i x  , x  sevon y e a r s  now, I 
guess ,  e v e r  since i t  cane o u t L  and I ' v e  seen  t h e  r e a c t i o n ,  
what these b e a u t t f r ~ l  s ~ l s t u r e s  do to  t h e  program manager 
who doesn't r e a l l y  know what tkay nean. 

And I hope Van Ommering w i l l  t ake  t h i s  as a d v i c e ,  
b u t  be very careful when you say t h i s  is terrible, bc- 
cause it is n o t  n e c e s s a r i l y  terrible. 

I was t e l l i n g  Jim a l i t t l e  b i t  of my expe r i ence  many 
y e a r s  ago v ' . m  we were looking  a t  i n t e g r a t e d  circcits 
and all hell would break loose a t  what was r e a l l y  very  
n o r m 1  d e v i c e s ,  j u s t  because  m i c r o s c o p i c a l l y  they 1ool:cd 



more-- It's a situation of looking at the playmate of 
the mnnth now with a microscope and finding out she has 
skin blemishes. You know, suddenly she is terrible where 
yesterday she was beautiful. 

So be careful on that or we'rd going to be chasing 
an awful lot of false information. 

(Slide 183.) 

f With regard to your cadmium migration generally I ? just went to point to this as representative. It is cer- 
1 tainly not the only way we see things. 

This is a positive plate. This is a separator 
that was next to the positive plate. It is much darker 
on the other side. That had a perfectly good charge 
retention or did not have a short. 

I might also point out that -- not microscopically, 
it would be on a fine scale -- the dimples in the posi- 
tive plate are reproduced. Here they are reproduced as 
light rnittcrial. On other cases trc have seen then where 
the ';i.-~*>lcs were rqxoducad on c.larl: ~xitcrial with the 
r,;'itcc ir. l,etv,..!cn Seir.g light. 

We think, as I said before, that the amount of 
pressure on the separator is very important, or the amount 
it is compressed, however you want to look at it. 

I might point out also that there's a band here that 
has less migration. There's been discussion about 
whether things are sticking up down at the bottom more 
than they do at the top. This we have found on sone 
cells but it is certainly not universal. In fact, we have 
found it reversed on some cells. 

I suspect that pressure might be more important than 
gravity. The dryness of the cell probably plays a role 
in all this. 

Where we have been what I would say successful in 
answering pretty much questions to the program manager's 





s a t i s f a c t i o n  i s  when w e  have had a  problem. Here's a n  
example o f  a problem a r e a .  

We had a cel l .  T h i s  p a r t i c u l a r  cel l  was one t h a t  
passed  a l l  o f  o u r  u s u a l  electrical. l eakage  tests, C/10 
f o r  f i v e  minutes ,  h o l d i n g  up t h e  v o l t a g e  and a l l  t h a t  
s o r t  o f  s t u f f ,  and we d i d  n o t  f i n d  any th ing  wrong w i t h  
it u n t i l  we were moni tor ing  t h e  v o l t a g e  on  t h e  shake 
test which w e  normally  do. I s u s p e c t  zany o f  t h e  rest 
of  you people  do a l s o .  

And we saw a  g l i t c h  i n  t h e  v o l t a g e  ancl we went back 
and t r i e d  t o  reproduce  it, anCl when a l l  was s a i d  am. done 
we p u l l e d  the  cel l  a p a r t ,  be ing  very  c a r e f u l  t o  f i n d  o u t  
where t h i s  p o s s i b l e  s h o r t  might be. W e  have t echn iques  
f o r  t h a t  b u t  I won ' t  t a k e  too much t i m e  s i n c e  I ' m  sup- 
posed to  hur ry .  

But o v e r - a l l ,  what I ' m  s ay ing  is  a p p a r e n t l y  from t h e  
manufactur ing t h i s  one o u t  of  a hundred o r  one o u t  o f  
200 and s o  f o r t h  o c c a s i o n a l l y  s l i p p e d  by. I t  had some 
m a t e r i a l  t h a t  g o t  conprcssec? on i t s  s u r f a c e  and under  
v i b r a t i o n  a p p a r e n t l y  it was Se ing  able  to  j u s t  b a r e l y  
force its way throu?-rh t h e  se : ta ra tor .  

Th i s  i s  a ve ry  s a t i s f y i n g  t h i n g  t o  show to  a progran  
manager, and then  he  comes a long  and s a y s ,  "Does t h a t  mean 
w e  should  reject t!le c e l l ? "  

Well, t h i s  sort o f  t h i n g  happens very  i n f r e q u e n t l y .  
P7e have one o f  o u r  s t a t i s t i c i a n s  k ind  of  looking  a t  t h i s  
t ype  of t h i r q  a s  a  hobby, b u t  he r e a l l y  d o e s n ' t  know o?hat 
to  do wi th  it. And i f  anybody h a s  cj:ot some i d e a s  I 'd 
be happy t o  t a l k  t o  t h e n  a t  t h e  c o f f e e  b reak  because it 
is t h e  type  o f  t h i n g  t h a t  t h e  program manager wants  to  
do. IIe wants to  g e t  t h e  Q u a l i t y  people  i n  r i g h t  away. 

I t h i n k  what it might t e l l  us  a s  b a t t e r y  s p e c i a l i s t s  
is t h a t  some of t h e s e  shake ,  r a t t l e  and r o l l  tests t h a t  w e  
do a r e  probably wor thwhi le  t o  keep on e y e  on when they  
do p i ck  up t h i n g s  l i k e  t h i s  and s a y ,  "Aha, maybe it is  
S U C C ~ S S ~ U ~ . ~  

T see some o f  my c u s t o n c r s  here s t a r i n g  m e  i n  t h e  



faca and  t h e y  a r c  p r o b a b l y  wonder ing,  "Gee, how ma,ly g e t  
by w i t h o u t  p i c k i n g  them," b u t  I d o n ' t  f r a n k l y  know. I 
may n o t  be as  r e a s s u r i n g  as y 0 u ' ~ 1  l i k e  but  we're t r y i n q .  

( S l i d e  185.1 

1Ierets a n o t h e r  s i t u a t i o n ,  a l i t t l e  d i f f e r e n t  o n e .  
T h i s  o n e  d i d  n o t  p a s s  c h a r q e  r e t e n t i o n .  I t  j u s t  b a r e l y  
d l d n ' t  p a s s  c h a r g e  r e t e n t i o n - -  I?xcusc ne. I'd better 
b e  c a r e f u l .  I t  j u s t  b a r e l y  d i d  n o t  pass the s h o r t  tes t .  
And l o o k i n g  a t  it v e r y  c a r e f u l l y ,  meanin#] t h a t  w e  p r i e d  
t h i n g s  a p a r t  o n e  p l a t e  a t  a t i n e ,  we r e a l i z e d  t h a t  the  
v o l t a g e  w e  were m o n i t o r i n g  o n  t h e  c e l l ,  t h e  cel l  package ,  
changed and we knew t h a t  we had the r i g h t  p l a t e .  

We looked  a t  i t  w i t h  t h e  SEIi ant! found a > a r t i c l e  
i n  t h e r e  and d i d  a n  :.:-ray s c a n  and found c o p p e r  i n  t!wre. 
I t  was i n  i m p u r i t y  t h a t  had sonehow or  o t h e r  g o t t e n  o n t o  
t h i s  o n e  p l a t e  somewhere i n  t h e  rnanufac tu r inq  p r o c e s s .  
!te d i d  t a l k  t o  t h e  n a n u f a c t u r e r  a b o u t  i t .  !la expressed 
c o n c e r n  and h o p e f u l l y  h a s  c l e a r e d  up the n a t t e r  and i t  
v . ~ 7 ~ x ~  ' L ~zLJ!X?~I  arjain . 

"o i n  concl:~:;.i.rlr. I v ~ o u l c ?  li::c t o  si?',: +:hat '.:c) ; tC_ 

IIu;;!~cs tn; :c t h e  ce l l  . : r la lys is  very  seri  ( l i l s l l .  . Tdc a:y)rc - 
c i a t c  a l l  t h e  work t h a t  h a s  been cloni~ a t  t h e  v a r i o u s  
a g e n c i e s  o r  COPISAT where t h e  t e c h n i q u e s  h a v e  been clc- 
v e l o p e d .  We m o s t l y  a r e  a u s e r  i n  t h a t  case h u t  g e n e r a l l y  
we're k i n d  o f  p l e a s e d .  

The o n l y  p o b l e o :  is t h a t  we o f t e n  raise more q u e s -  
t i o n s  t o  o u r  managcnent  t!lan we are a b l e  t o  answer .  

WADIIAN: I n  v o u r  r e c o n d i t i o n i n g  p r o c e d u r e  b e f o r e  
you t e s t  t h e  ce l l s ,  you s a y  t o  a b u u t  s i x  c y c l e s  t o  o n e  
v o l t .  Wow o n  most  of t h e  c u r r e n t  sa te l l i te  d e s i g ~ s  
t h i s  i s  a n  i m p r a c t i c a l  t h i n g  t o  d o  o n  t h e  s p a c e c r a f t .  

How c a n  you j u s t i f y  examin ing  t h e  c e l l  which is  
b e i n g  r e c o n d i t i o n e d  i n  a way t h a t  it i s  n o t  p o s s i b l e  for 
t h e  ce l l  t o  see t h a t  s o r t  o f  r e c o n d i t i o n i n g  o n  t h e  s p a c e -  
c r a f t ?  S u r e l y  we're i n t e r e s t e d  i n  s e c i n q  what  t h e  ce l l  
l o o k s  l i k e  under  rea l i s t ic  c o n d i t i o n s ,  wha t  would be 





happening on the spacecraft. 

STOFEL: That's a good question. First of all, 
there is some question in my mind whether or not one can 
discharge a battery to one volt safely in a spacecraft. 
I don't think that's impossible by any means, but more 
importantly, what does all this analysis mean? What does 
a chart like this mean? Where do those numbers come from? 

The precharge is measured after we have completely 
discharged the cell. We don't do that intentionally in 
the spcaecraft so that's already-- To get this kind of 
number we have done something to the cell that we don't 
do in space anyhow. And this is why I say it's contro- 
versial. 

What does the physical chemistry of what's happen- 
ing-- Why do we want precharge in there is the first 
place? The fact that we can change precharge so readily 
by just goin7 to deeper cycles like this I think are ques- 
tions that I can't answer at t!lis time. 

But with revard to whet:~er we should he doing it -- 
( p o t ~  -- like w e  do on a spacecraft -- unquote -- we don't 
pull cells apart in the spacecraft. There is no way that 
we can destructively analyze these cells and be able to 
say that it is like we do in a spacecraft. 

Now among things that I did not mention, for example, 
we're very much interested in non-destructive te~ting. 
The comments yesterday with regard to looking for state 
of charge using the AC inpedence basically is what amounts 
to a phase shift. You look at phase angle instead. But 
we're going back and looking at that fairly seriously, 
not as a s t a t e  of charge indicator but as an indication -- 
as a diagnostic tool. 

We've just about completed all the mechanical de- 
tails, O-ring seals and things like this, that we can 
take a standard battery that is normally ready to fly 
in space and puncture a hole inside of our nitrogen cham- 
ber, put a reference electrode down in there and help 
settle some of the questions that are raised by this 



'by this pre-charge measure; things like this. 

But there is no way that I know of, or the techni- 
ques that people generally are using, that you can say, 
"Gee, I want to do it like we do it on the spacecraft." 

Your point is well taken and I've heard it very many 
times from our program management people, and we go round 
and round and round on that. 

WADHAM: I don't think the point about measuring 
available pre-charge on the discharge cycle-- Obviously 
you have to discharge the cell to do this. I don't think 
that point is relevant because in the worst case, what 
you're interested in in the spacecraft is when is your 
cell going to go into reversal; what happens when it goes 
into reversal? And this is the point when one cell goes 
through that discharge cycle. 

Another thing is I've given stand curves which show 
quite distinctly on all cells that you keep on discharging 
one volt or a half a volt a number nf times, and it is 
well-known and it has been discussed here before that if 
you keep on discharging the one volt, each time you dis- 
charge to one volt you get a little bit of improvement 
but that first discharge curve is for real; the first one, 
when that cell maybe goes first into reversal, that is a 
real curve. It's not an artificial one. 

STOFEL: You know you are welcome for you and I to 
discuss this at any length. I think I am being pressed 
here though is what it amounts to. 

HALPERT: I am going to turn the program over to 
Tom for his session on new developments. 



VII NEW DEVEbOPMENTS IN BATTERIES: 

HENNIGAN: We have a special trust here this after- 
noon, Bill Harsch, who is going to talk on three things all 
at the same time, 21-hour per pound ni-cad, nickel-hydrogen 
development, and electrochemical impregnation, in particu- 
lar the Bell process. 

HARSCH: I'm going to be rather brief this after- 
noon. I have to catch a plane, and if you miss the only 
one to Joplin, there isn't another one for a month. 

VII.1 20 WATT HOUR/POUND NICKEL CADMIUM CELL: HARSCH/E-P 

I want to start out with our recent developments in 
nickel-cadmium, that is, the light-weight, 20-watt-hour 
per pound nickel-cadmium. The development program was done 
with Philco-Ford Corporation, the cells that we are building 
and have built for use on the NATO-3 satellite. 

(Slide 186.) 
Briefly, this is the cell configuration. It is 

2.97 inches wide, .88 inches thick, and 4.5 inches to the 
top of the cell case with an over-all height of 5.0. 

(Slide 187.) 

This is a summary of the design details or cell 
characteristics. 

It has a nominal positive capacity of 23 ampere- 
hours and a nominal negative capacity of 38 ampere-hours. 

We have a required ratio of 1.35 to one, and the 
nominal ratios on the flight cells are 1.6 to one, Operat- 
ing pressure is a maximum of 75, and so on and so forth. 
The cell weight, the nominal cell weight is 583 grams, 
which corresponds to 23 watt hours per pound. 

(Slide 188.) 
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Again, here's a summary of the weight figures. The 
positive weight is 210, the negative 216. Electrolyte, 74. 
Cell case, 58. Cover,l6. Separators, nine, which is 583 
grams or 1.28 pounds. 

(Slide 189A, B, C, D) 

I have some characteristic data at the various tem- 
peratures, namely, 30, 40, 70, and 80 degrees F. Rather 
than go through those, I think I'll just leave the Vugraph 
and if you're interested you can read it in the minutes. 

These cells are qualified now. We've run through 
the yualification tests. We have built the first few 
lcts of flight cells that have been delivered to Philco- 
Ford. 

Philco-Ford is taking these cells and packaging 
them in a 20-cell battery. 

(Slide 190.) 

This has a packaging weight of five percent and a 
total battery weight of 26.87 pounds, which corresponds 
to, I believe, about 21-1/2 or 22 watt hours per pound. 

Okay, I'm ready to change subjects. 

Any questions on this particular matter? 

COHN: What sort of cycle life are you driving at? 

HARSCH: Do you want to answer that question? 

IIAAS: Haas, Philco-Ford. 

A seven-year sequerce orbit. We are currently 
running life tests. In about a year we will have the 
back-to-back eclipse season data for about seven years. 

COHN: And what is your maximum depth of discharge? 

HAAS: The maximum as directed by the customer is 
2 percent. It's a military-type satel1it.e. 
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VII.4 CHEMISORBED OXYGEN IN NI-HZ CELLS: ROGERS/HUGHES 

ROGERS: I might make one comment considering the 
last question that was asked on the electrochemical pro- 
cess. The Tyco cells that were made for us on the Air 
Force program were electrochsmically impregnated on the 
same equipment that Eagle-Picher is now using. And these 
cells we have tested, which are nickel-hydrogen cells. 

(Slide 204.) 

I'm going to be talking about what we refer to as 
the chemisorbed oxygen in nickel-oxygen cells. I did a 
short series of experiments to find out what were the con- 
ditions of formation. We wanted to know something about 
the thermal, particularly the thermal, and also the electri- 
cal phenomena that were associated with this chemisorbed 
oxygen. 

We defined chemisorbed oxygen simply in electrical 
t e n s  as that capacity between 1 and zero volts; in other 
words, we simply took the cells down into reversal and 
measured the capacity between 1 volt and zero volts. 

(Slide 205.1 

This is a typical capacity test. And this is repre- 
sentative of almost any of the nickel-hydrogen cells we 
have tested thus far. What we did was to discharge the cell 
at a C/2 rate down to zero volts. We then changed to a 
C/10 rate and continued the discharge down to zero-volt level 
and sometimes beyond. 

Had we continued the discharge at the C/2 rate, the 
dotted line shows what it would have looked like, and has 
looked like. That is not theoretical, that's an actual 
line. 

You can clearly see that there's a step at the C/10 
rate as a prime function of this. And it's also quite 
simple to measure the capacity. 

(Slide 206.) 



The cell used f o r  t h e s e  experimental  runs  was an  ERC 
50-ampere hour b o i l e r p l a t e  cel l ,  and was equipped wi th  a 
s t a c k  thermocouple a t  the c e n t e r  f o r  temperature measure- 
ments. 

We made four  runs.  The f i r s t  one is what w e  r e f e r  to 
a s  t h e  base  run, t h e  charge r a t e  of C/10. I t  was a 16-hour 
charge. And t h e  d i scharge  r a t e  was k e p t  a t  C/2. 

The second run involved t h e  same e x a c t  technique ,  wi th  
a 24-hour de lay  between charge and d ischarge .  

The t h i r d  run  w e  s tepped up the cha*ge r a t e  t o  t h e  
C/2 l e v e l  t o  improve charge e f f i c i e n c y .  But t h e r e  was no 
overcharge. We simply c a l c u l a t e d  t h e  amount o f  charge 
based on t h e  a c t u a l  c a p a c i t y  of  t h e  c e l l .  

F i n a l l y ,  t h e  f o u r t h  run: we simply c u t  t h a t  value i n  
h a l f .  So w e  g o t  e s s e n t i a l l y  h a l f  charge.  

The cells were run e s s e n t i a l l y  a t  room temperature and 
they were a c t u a l l y  e x t e r n a l l y  cooled. And they were taken 
i n t o  r e v e r s a l .  

( S l i d e  2 0 7 . )  

Now I th ink  t h e  primary, t h e  most important  th ing  t o  
see on t h i s  p a r t i c u l a r  s l i d e  is t h e  temperature,  and t h a t  
i s  t h e  i n t e r n a l  s t a c k  temperature,  where w e  g o t  a 24-degree 
rise i n  temperature p r imar i ly  dur ing  t h e  t i m e  t h a t  t h e  c e l l  
went below 1 v o l t .  

You w i l l  n o t i c e  a t  t h e  C/2 r a t e  you d o n ' t  see t h a t  
c l e a r  a p la teau .  But t h e r e ' s  obviously something happening 
between about  1 v o l t  and th ree -quar te r s  of a v o l t .  

L e t  me see i f  I can superimpcse t h e  next  one,  which 
involves  a de lay .  

( S l i d e  2 0 8 . )  

I t h i n k  the most important  t h i n g  h e r e ,  whi le  w e  d i d  g e t  
some l o s s  i n  capac i ty ,  w e  l o s t  most of  t h e  p l a t e a u  around 
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.9 v o l t  l e v r l ,  or .8 l e v e l .  g o t  some temperature in -  
c r e a s e  b u t  nowhere nea r  as much, p a r t i c u l a r l y  i f  you look 
a t  t h e  a r e a  under t h e  curve. 

( S l i d e  209.) 

Now a s  I mentioned, i n  the n e x t  case we gave the cell 
a C/2 charge, n o t  a f u l l  charge b u t  e x a c t l y  the f u l l  ampere 
hour r a t i n g  o f  t h e  cell. And, i f  you n o t i c e ,  t h e r e ' s  a 
d i s t i n c t  p l a t e a u  around .8  v o l t  and a s u b s t a n t i a l  tempera- 
t u r e  rise, i n d i c a t i n g  t h e  chemisorbed oxygen e f f e c t .  

( S l i d e  210. ) 

If you compare this to the one where w e  charged only 
approximately half-way, w e  g o t  no p l a t e a u  t h a t  anyone could 
see, and a very small temperature rise. 

Now t o  summarize t h e  r e s u l t s :  t h e  amount of chemi- 
sorbed oxygen w e  s a w  was up t o  20 pe rcen t  of  t h e  normal 
c a p a c i t y  o f  t h e  cell.  

The formation of t h i s  chemisorbed oxygen is obviously 
connected wi th  t h e  s t a t e  of charge t h a t  you reach. We 
found f h a t  it was genera ted  both  a t  C/2 and C/10 r a t e s .  And 
w e  g o t  a very l a r g e  reduc t ion  when w e  had a 24-hour pe r iod  
between charge and d ischarge .  

I f  you look a t  what p o i n t  i n  the charge cyc le  oxygen 
is being genera ted ,  w e  can d e f i n i t e l y  a s s o c i a t e  t h i s  pheno- 
menon wi th  t h a t  genera t ion  of  oxygen. 

F i n a l l y ,  t h e  vo l t age  range of t h i s  chemisorbed oxygen 
appears  t o  be .8  t o  - 8 8  v o l t s .  

Conclueions from this would be t h a t  a t  t h e  normal d i s -  
charge r a t e  w e  g e t  a s i g n i f i c a n t  amount o f  s e l f - h e a t i n g  i n  
the s t a c k .  I t ' s  probably f a s t  enough t o  avoid much of a 
vapor t r a n s f e r  problem due t o  t h e  h e a t ,  b u t  t h a t  one could 
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CONCLUSIONS 

AT NORMAL DISCHARGE RATES, PRODUCES SIGNIFICANT 
SELF.HEATING I N  STACK 

PROBABLY FAST ENOUGH TO AVOID MUCH WATER VAPOR 
LOSS 

POSElBLE CUMULATIVE CELL DAMAGE FROM HEAT, 
ESPECIALLY WITH NYLON SEPARATOR 

MAY PROVIDE ADDITIONAL CAPACITY I N  BATTERY 

SIGNIFICANT EFFECT ON MAXIMUM DESIGN PRESSURt AND 
USE OF PRESSllRE AS STATE OF CHARGE INDICATOR 
(CHEMISORBED OXYGEN CAUSES EQUIVALENT INCREASL 
I N  HYDROGEN PRESSURE) 
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worry about damage from t h e  h e a t  i f  you had, say ,  a nylon 
s e p a r a t o r .  

I t c a n  provide an  a d d i t i o n a l  capac i ty  i f  you have a 
series of  cells, because it does involve  some a d d i t i o n a l  
capaci ty  wi th  a smal l  vo l t age  drop. That ,  of  course ,  is 
assuming we're only l o s i n g  one cell ,  o r  one cel l  l o s e s  
capaci ty .  And t h e r e  is a very s i g n i f i c a n t  e f f e c t  on t h e  
maximum design p ressure  o f  t h e  case ,  and the use of  p r e s s u r e  
a s  a s t a t e  of charge i n d i c a t o r .  

One of  t h e  advantages of  nickel-hydrogen is c e r t a i n l y  
going to  be a s s o c i a t e d  -- c e r t a i n l y  is going t o  be a f f e c t e d  
by chemisorbed oxygen. Because you do g e t  a n  e q u i v a l e n t  
inc rease  i n  hydrogen p ressure  wi th  t h e  oxygen you store. 

Thank you. 

HENNIGAN: Any ques t ions?  

COHN: I missed something somewhere. Where do you g e t  
t h e  absorbed oxygen? What evidence do you have t h a t  it is 
absorbed oxygen? 

ROGERS: I d o n ' t .  And I th ink  I po in ted  o u t  i n  t h e  
beginning t h a t  I was merely using it a s  a d e f i n i t i o n .  
People have t a l k e d  about  it t h a t  way. And I simply de f ined  
it  a s  t h a t  p la teau .  

W e  made no a t tempt  i n  t h i s  t o  proveawhether it was 
o r  wasn' t ;  w e  were i n t e r e s t e d  i n  t h e  e f f e c t s .  

CORBETT: Is what you describe p e c u l i a r  to t h e  n ickel -  
hydrogen cells, do you be l i eve ;  o r  is it t h e  same th ing  
we've been see ing  i n  Nicad cells f o r  a long time? 

ROGERS: I b i n k  it 's t h e  same thing.  

CORBETT: I was wondering, then ,  why t h i s  h a s n ' t  come 
up i n  t h e  coulometr ic  l i t e r a t u r e  published by va r ious  
people,  why t h a t  h a s n ' t  shown up. I t  s o r t  of  h i t s  m e  co ld .  

ROGERS: I d o n ' t  know. It  c e r t a i n l y  has appeared here .  



And it has been very obvious. There's no quest ion about it 
being here. I r e a l l y  couldn ' t  answer f o r  what 's i n  the 
l i t e r a t u r e .  

DUNLOP: Which pos i t i ves  were those? 

ROGERS: The p o s i t i v e s  here  are ERC p l a t e s .  I guess 
they ' re Gould p la tes .  

W e  have seen t h i s ,  i nc iden ta l ly ,  i n  t h e  A i r  Force 
c e l l s  as w e l l ,  which were the  Tyco electrochemically inpreg- 
nated p l a t e s .  It seems t o  be very s imi la r .  

HENNIGAN: Any o t h e r  questions? 

(No response) 

HENNIGAN: The coffee  has a r r ived ,  s o  w e ' l l  take  a 
15-minute break. We do have two more presenta t ions  a f t e r -  
wards, one by Stoke1 from COMSAT on nickel-hydrogen and 
Parry on inorganic separa tors .  

(Recess) 



VII.5 NICKEL HYDROGEN CELL TESTING: J. STOCKEL/COMSAT 

Joe Stbckel of COMSAT who's going to speak on the 
nickel-hydrogen cell testing, 

STOCKEL: Gentlemen, today I'd like to give a short 
summary of some of bur nickel-hydrogen testing. May 
I have the first slide, please? 

(Slide 213.) 

This is the inside of a 50-ampere hour nickel- 
hydrogen cell provided to us by Energy Research. As you 
can see here, the stack is mounted to the dome here by 
four tie rods and the negative and positive feed-throughs 
are through the top here. 

This was put into an electroform nickel can. 
Recently we've sort of gone away from the electroform 
nickel can and to Inconel-718 cans. The feed-through 
goes -- one feed-through out the top and one through 
the bottom. The internal mounting I believe will be 
essentially the same. 

(Slide 214.) 

This ~lide shows the design that COMSAT is currently 
pursuing. As you can see here, this of course is the 
pressure vessel. And we do have the Ziegler seal here at 
the top. 

The positive feed-through here is right here. And 
the current is actually collected at a bus bar arrangement; 
which you probably can't see too well here; as opposed to 
some design where they actually take and bend each tab 
from each electrode. 

In our new design we're actually going to have a 



feed-through o u t  t h e  top  and o u t  the bottom. 

The cel l  is h e l d  i n  p ressure  by t h e s e  p l a s t i c  end 
p l a t e s ,  w i t h  a t ie  rod down through t h e  c e n t e r .  

This  s l i d e  shows some of our  cells on test. Actual ly  
we've been us ing  a water b a t h  t o  c o n t r o l  t h e  temperature,  
and w e  run t h e  cells -- w e  do c o n t r o l  t h e  water  i n  t h e  
b a t h  a t  20°C. 

You can see most of  our  cells do have p r e s s u r e  gauges 
on them, and t h e s e  are t h e  l igh twe igh t  cells i n  t h e  b a t h ,  
and t h e  ones over  he re  a r e  some o f  our  smal l  b o i l e r p l a t e  
cells. 

This  s l i d e  shows some discharge ,  end-of-discharge 
vo l t ages  and end-of-charge v o l t a g e s  f o r  t h e  smal l  b o i l e r -  
p l a t e  cells. These cells were -- they a l l  had SAFT-type 
p o s i t i v e  e l e c t r o d e s .  On t h e  ones you can s e e  he re ,  w e  d i d  
use polypropylene a s  a s e p a r a t o r ,  and it d i d n ' t  go any more 
than about  1 2  o r  13 hundred cyc les .  And t h e s e  were a t  a 
deep depth of d ischarge .  They were on a 3-hour cyc le  about  
85 pe rcen t  depth of d ischarge ,  wi th  about  a 15  p e r c e n t  over- 
charge. 

Now t h e  polypropylene, a s  you can see, d i d  n o t  do t o o  
we l l .  We took it o u t  of t h e  cel l  and looked a t  it, and it 
j u s t  would n o t  absorb any water  whatsoever. 

The nylon cells d i d  run t o  about  1500 cyc les .  There 
were two of them. And, once aga in ,  both of  those  f a i l e d ,  
a s  you can see by t h e  i n d i c a t i o n  o f t h e  end of  d i scharge  
vo l t age  and the  charge vo l t age  r i s i n g .  The impedance 
check on cells showed t h a t  t h e  impedance had gone high.  

I d i d  t a k e  one c e l l  a p a r t .  I opened i t ,  I should say.  
And I r e f i l l e d  it wi th  e l e c t r o l y t e  and p u t  it back on test, 
and i t ' s  w e l l  over  4000 c y c l e s  now. 





The cells w i t h  t h e  f u e l  cell  type s e p a r a t o r ,  t h e  KT 
and t h e  asbes toes ,  seemed t o  run f a i r l y  w e l l .  And to  d a t e  
now t h e y ' r e  s t i l l  going, and they have w e l l  over  -- j u s t  
about 4000 c y c l e s  on them. Once aga in ,  t h e y ' r e  a t  t h e  deep 
depth of  d ischarge  and 15  pe rcen t  overcharge. 

We a l s o  r a n  a ce l l  -- I d o n ' t  have it shown h e r e  -- 
t h a t  d i d  have e lec t rochemica l ly  impregnated e l e c t r o d e s  
wi,th a nylon s e p a r a t o r .  Now t h a t  cell  ran  2000 c y c l e s ,  
which w e  stopped f o r  reasons  t h a t  -- w e l l ,  it d i d n ' t  f a i l ;  
w e  had t o  s t o p  it. An examination of  t h a t  e l e c t r o d e  showed 
t h a t  it d i d  n o t  expand whatsoever. And I t h i n k  t h a t ' s  
p r e t t y  s i g n i f i c a n t  t h a t  w e  w e r e  a b l e  t o  run  t h e  electro- 
chemical impregnated e l e c t r o d e  wi th  t h e  nylon s e p a r a t o r  and 
have it run t h a t  good. 

Next s l i d e .  

This  n e x t  s l i d e  j u s t  shows some of our  50-ampere hour 
l ightweight  cells t h a t  have been running s i n c e  probably,  
I b i n k  they w e r e  s t a r t e d  about  t h e  beginning of  t h i s  year .  
They a r e  the  50-ampere hour,  they 're run a t  60percent  
depth of discharge.  

W e  had run t h i s  cell, t h i s  p a r t i c u l a r  cell ,  on a 
3-hour cyc le  wi th  a 10 p e r c e n t  overcharge. I t  had t h e  
electroformed n i c k e l  can, and t h e  s t a c k  was a c t u a l l y  p u t  
toge the r  a t  COMSAT and d e l i v e r e d  t o  Energy Research and 
p u t  i n t o  t h e i r  e lec t roformed n i c k e l  can. 

The negat ive  electrodewas from ERC, and it w a s  a 
SAFT-positive, and t h e r e  was a nylon 2505 s e p a r a t o r .  To 
d a t e  t h a t  ce l l  has about  1600 c y c l e s  on it. 

But what w e  d i d  do r i g h t  h e r e ,  th is  curve  h e r e ,  w e  
d i d  change from a 3-hour cyc le  t o  a 6-hour cyc le .  I t  ap- 
peared t h a t  t h e  3-hour c y c l e  w a s  o v e r s t r e s s i n g  the cell 
somewhat: they were g e t t i n g  f a i r l y  hot.  So w e  d i d  swi tch  
over  t o  a 6-hour cyc le .  The next s l i d e  i s  another  c e l l .  

(S l ide  218. )  



It is similar to  t h a t ,  as you can see. We d i d  run it 
on a 3-hour c y c l e  f o r  a whi le  and d i d  swi tch  over  t o  a 
6-hour cyc le .  The performance is, a s  you can see h e r e ,  
f a i r l y  good. 

( s l i d e  219.) 

This  d a t a  was taken j u s t  from a 50-ampere -- from o u r  
l igh twe igh t  cells, bo th  t h e  35 and 50 ampere hour cells. 
These a r e  e a r l y  i n  l i f e ,  about  t h e  f i r s t  o r  second d i scharge  
cycle .  And it j u s t  shows t h e  d i f f e r e n c e  i n  t h e  s e p a r a t o r s  
t h a t  a r e  being considered: t h e  nylon, t h e  asbes toes  and 
t h e  KT. And, of course ,  nylon does g ive  the b e t t e r  d i s -  
charge performance, w i t h  the asbes toes  f a l l i n g  somewhere 
i n  between t h e  nylon and t h e  KT. 

I guess t h a t ' s  about  a l l .  

HENNIGAN: Any ques t ions?  

HAINES: How many c y c l e s  do you have on this t h i n g  
now? 

STOCKEL: W e l l  t h e  two cells t h a t  I showed up t h e r e ,  
. i k e  I say ,  they have about  -- they  a r e  50-ampere hour 
i z e ,  and they a r e  running 60 pe rcen t  depth  of  d i scharge  

and 15  pe rcen t  overcharge on a 6-hour cycle .  And one has 
1400 and t h e  o t h e r  has  about  1650 cycles  on t h e m .  And 
they a r e  running i n  t h a t  temperature range. 

Those were t h e  f i r s t  two c e l l s .  

KLEIN: I guess the1 were about  a y e a r  o ld?  

STOCKEL: Exact ly.  T h e y ' l l  be  a year  o l d  i n  January. 

HOLLECK: Joe ,  I was wondering, I d o n ' t  know whether I 
saw t h a t  r i g h t .  T h e r e ' s  one asbes toes  cell .  I t  looked t o  
m e  l i k e  i t  had a void around 1.1, on the s l i d e  where you 
had t h e  polypropylene f a i l i n g .  

STOCKEL: That was KT and -- w e l l ,  a s b e s t o e s  was i n  
t h e r e ,  very c lose .  
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HOLLECK: I was wondering why t h a t  appeared t o  be even 
much lower than  t h i s  one. 

DUNLOP: The problem wi th  t h e  b o i l e r p l a t e  c e l l s ,  i n  
those  w e  used l e a d s  t h a t  have a f a i r l y  high impedance. I n  
t h e  50-ampere hour cells w e  have n t a b  design and t h e  
impedance is  s i g n i f i c a n t l y  lower. But i n  t h e  b o i l e r p l a t e  
type c e l l s  t h e r e  a r e  f a i r l y  smal l  feed-through t e rmina l s  
and wires and they cause  a f a i r  amount of drop. 

STOCKEL: A l l  t h e s e  cells do have t h e  p l a s t i c  type  
p r e s s u r e  s e a l .  We've had very good luck s o  f a r  wi th  t h e s e  
s e a l s  i n  the nickel-hydrogen cell. And w e  d i d  -- a s  I guess 
was mentioned be fo re ,  w e  d i d  supply these  s e a l s  t o  JPL.  And 
w e  a r e  i n t e r e s t e d  i n  t h e  technology. And i f  anyone is 
i n t e r e s t e d  i n  acqu i r ing  any, o r  any more information on it ,  
I ' l l  be g lad  t o  t a l k  t o  them i f  they w i l l  c o n t a c t  m e .  

HENDEE: On your l i f e  test, e s p e c i a l l y  t h e  polypropy- 
l e n e  s e p a r a t o r s  t h a t  f a i l e d  o u t  a l i t t l e  e a r l y ,  d i d  you 
have t h a t  p l a t e  s t a c k  spring-loaded o r  was i t  a f i x e d  pres-  
su re?  

STOCKEL: That  was only what w e  c a l l  a s i n g l e  e l e c t r o d e  
c e l l .  It only had two e l e c t r o d e s  back-to-back. To d a t e  w e  
only have one cel l  t h a t  has  a sbes toes  i n  a l a r g e  mul t i -  
e l e c t r o d e  s t a c k  runnin.  

HENDEE: Is t h a t  spring-loaded? 

STOCKEL: No. None of  them a r e .  

HENNIGAN: What kind of polypropylene was i t ?  

STOCKES: I th ink  it was Pel lon.  We had Hercules 
around, b u t  I b e l i e v e  t h a t  was Pel lon .  

LACKNER: On t h e  v a r i a t i o n s  i n  t ~ e  vo l t age  on your d i s -  
charge curve,  what is  it t h a t  causes  r h a t  d i f f e r e n t  v o l t a g e  
drop? Is it t h e  a m o u t  of e l e c t r o l y t e ,  i s  it a r e s i s t a n c e  
i n  t h e  s e p a r a t o r s ?  

STOCKEL: Yes, I b e l i e v e  it is. 



LACKNER: Which? The amount o f  e l e c t r o l y t e ?  

STOCKEL: N o ;  t h e  r e s i s t a n c e  i n  t h e  s e p a r a t o r .  They 're  
a l l  loaded-- These cells are loaded d i f f e r e n t l y  than  t h e  
nickel-cadmium. 

When I load  a cell  I w i l l  p u l l  a vacuum and then  com- 
p l e t e l y  f lood  t h e  i n t e r i o r  o f  t h e  cel l ,  and t h e n  remove t h e  
e l e c t r o l y t e  e i t h e r  by charg ing  t h e  cel l  o r  by p u l l i n g  a 
vacuum, o r  i n  some way g e t t i n g  t h e  excess  back o u t .  

LACKNER: Now, r a t h e r  than  t a k i n g  t h e  polypropylene 
s e p a r a t o r ,  a l l  t h e  d i f f e r e n t  s e p a r a t o r s  you g e t ,  i f  you had 
asked t h e  s e p a r a t o r  manufacturer  -- and there a r e  a number 
of  them -- t o  g i v e  you a p a r t i c u l a r  r e s i s t a n c e  va lue ,  t hen  
you may n o t  g e t  i n t o  a case where you say  polypropylene o r  
a sbes toes  o r  KT is up o r  down, and t h e r e  may be some o t h e r  
c h a r a c t e r i s t i c s  you would want w i t h  those  t h r e e .  

This  may be a p o i n t  t o  look a t .  

STOCKEL: Yes. 

IIAINES: Did you e x t r a c t  t h a t  polypropylene? I n  
o t h e r  words, d i d  you e x t r a c t  t h e  w e t t i n g  a g e n t  o u t  o f  it 
b e f o r e  you used i t ?  

STOCKEL: NO,  I d i d  no t .  I used it as I g o t  it. 

KLEIN: I was going t o  make a comment on t h i s  p o i n t  
of the d i f f e r e n t  r e s i s t a n c e s  i n  t h e  s e p a r a t o r s .  I t ' s  a 
q u e s t i o n  of  the pore  s i z e  and t h e  pore  s i z e  d i s t r i b u t i o n  
t h a t  is d r a s t i c a l l y  d i f f e r e n t  between the a s b e s t o e s  o r  
potassium t i t a n a t e  and the Pe l lon .  So t h e  t o r t u o s i t y  
f a c t o r  is much g r e a t e r .  And a c t u a l l y ,  even though w e  pay 
t h a t  r e s i s t a n c e  p e n a l t y  w i t h  t h e  so -ca l l ed  f u e l  ce l l  grade  
m a t e r i a l s ,  w e  t h i n k  t h a t ' s  f a v o r a b l e  because having a s  f i n e  
a pore  s i z e  may r e t a i n  t h e  e l e c t r o l y t e  seemingly b e t t e r  
than t h e  open mesh wove11 m a t e r i a l s  i n  t h i s  a p p l i c a t i o n .  

LACKNER: That  may wel lbe  t r u e .  But I t h i n k  i f  you 
w i l l  check wi th  D r .  Landemat  Wright-Pat terson -- he d i d  a 
l o t  of work wi th  a i r c r a f t  b a t t e r i e s ,  and he could  a c t u a l l y  



g e t  -- it was RAI i n  t h i s  case  -- s e p a r a t o r s  anywhere from 
10 milli-ohm t o  60 milli-ohm, depending upon what he wanted. 
I t  was a  ques t ion  of engineer ing  them t o  t h e  a p p l i c a t i o n .  

Polypropylene can do t h e  same th ing .  We can engineer  
it io the a p p l i c a t i o n .  And it i s n ' t  tha t - -  The t o r t u o s i t y  
is  whatever it happens t o  be. 

Now i f  you' re unhappy wi th  t h e  t o r t u o s i t y  you can 
s t i l l  make some changes. I t ' s  a  q u e s t i o n  of communication 
wi th  t h e  manufacturer.  

HENNIGAN: What I would l i k e  t o  do is g e t  i n t o  the 
nex t  speaker .  And a f t e r  t h a t  you ' r e  welcome t o  s t a y  h e r e  
and d i s c u s s  any t o p i c s  t h a t  you want. 

Our nex t  speaker  is John Parry  from Arthur D. L i t t l e ,  
and he's going t o  t a l k  on inorgan ic  s e p a r a t o r s  f o r  t h e  
s i l v e r - z i n c  cells. 



VIf. 6 INORGANIC SEPARATORS FOR SILVER ZINC CELLS: 
J. PARRY/A D LITTLE 

PARRY: I want t~ describe briefly some work we've 
done for NABA on the organic separator of the silver-zinc 
cell. Essentially this is a follow-on to a paper that 
John Bozak of NASA-Lewis gave at the workshop last year, 
where he described some of the details of the structure of 
this particular separator. 

(Slide 220.) 

I would like to say quickly that the objectives of 
our work were to identify those factors and mechanisms that 
give the separator its good characteristics in the silver- 
zinc cell. I define those good characteriotics as good 
conductivity and effective barrier capability to silver 
diffusion, and relatively long life. 

Our approach to this was to look at structure, pri- 
marily with the scanning electron microscope. And since it 
was described last year in a fair amount of detail I don't 
intend to repeat that. 

We looked at diffusivity, we looked at conductivity, 
we looked at transport numbers, and we looked at silver 
migration and retention to see what we could understand 
about this separator. 

(Slide 221.) 

I would like to remind you of what this structure 
looks like. It consists of asbestoes, which is used in 
practice in the fcrm of a bag or envelope and lightly 
coated with polyphenolene oxide which gives it an extra 
degree of resistance to potassium hydroxide. This is coat- 
ed with a mixture composed of the 3420-25 ponder. This is 
a zirconia prepared in a proprietary manner. Some 
potassium titanate needles and polyphenolene oxide and a 
polyvalic plasticizer, which is a comrnerc!al plasticizer, 
Emery Industries' P9-750 which, as far as I can tell, is 
composed of some high molecular weight di-carbasylic acids. 
All this is mixed up in chloroform to create a slurry 
for coating the asbestoes. 



I t h i n k  I should p o i n t  o u t  a t  t h i o  p o i n t  t h a t  the 
p l a s t i c i z e r  is n o t  a p l a s t i c i z e r  p ~ r  e. When t h e  ckloro-  
form comes o u t  t h e  PPO and t h e  p l a s t i c i z e r  a r e ,  to  a l a r g e  
e x t e n t ,  imnisc ib le ,  they do segrega te  when the s o l v e n t  dries 
ou t .  

I want to  draw a t t e n t i o n  t o  t h i s  p a r t i c u l a r  p o i n t  a t  
t h e  bottom, t h e  c u t i c l e ,  s i n c e  t h i s  w i l l  appear  i n  some of  
t h e  t a b l e s  that I ' m  going to show. 

This  I i n t e r p r e t  a s  t h e  s k i n ,  which is e n t i r e l y  t h e  
o rgan ic  component, a s  opposed to  t h e  3420-25 powder KT 
which forms on t h e  s u r f a c e  o f  this c o a t i n g  when it dries 
out .  And what I 'm going t o  t r y  and show is t h a t  most of 
t h e  a t t r a c t i v e  p r o p e r t i e s  of the s e p a r a t o r  derive from the 
c u t i c l e  and n o t  from t h e  inorgan ic  components. 

( S l i d e  222.) 

Since what I ' m  going to  do is throw a l o t  of numbers a t  
you I t h i n k  i t 's  only  f a i r  to  p u t  up t h e  p r i n c i p a l  conclu- 
s i o n s  f i r s t ,  and then perhaps L.?e numbers w i l l  be a l i t t l e  
easier t o  d i g e s t .  

As I ' v e  a l ready  s a i d ,  the a t t r a c t i v e  c h a r a c t e r i s t i c s  
of t h e  s e p a r a t o r  seem t o  d e r i v e  from the o r g a n i c  components 
and n o t  the inorganic .  So t h a t  the " inorganic"  t i t l e  is a 
misnomer. But I would sugges t  t h a t  we r e t a i n  it because 
we're a t  l e a s t  f a m i l i a r  w i t h  it. 

The b a r r i e r  p r o p e r t i e s  a c t u a l l y  d e r i v e  from this t h i n  
s k i n  on the s u r f a c e  o f  t h e  c o a t i n g  which becomes a serni- 
permeable membrane on exposure to  KOH. KOH reacts wi th  
the polymeric p l a s t i c i z e r .  It 's a q u a n t i f i c a t i o n  r e a c t i o n  
which I th ink  r e s u l t s  i n  t h e  c r e a t l o n  of t h e  semipermeable 
membrane. 

Another p o i n t  which has  to  be added to t h i s  is t h a t  
t h i s  t h i n  membrane is by no means p e r f e c t .  I t  has  q u i t e  a 
large number of h o l e s  i n  it, and some cracks  and o t h e r  
phys ica l  d e f e c t s .  As used i n  p r a c t i c e ,  t h e s e  s e p a r a t o r s  
a r e  used a s  two envelopee, one around each bag -- one 
around each electrode. And I th ink  this has t h e  e f f e c t  of  



e l i m i n a t i n g  n o s t  o f  t h e  e f f e c t s  o f  t h e p h y s i c a l  d e f e c t s .  

These a r e  measurements t h a t  we made o f  d i f f u r i v i t y .  
And I would j u s t  make one  p o i n t  h e r e .  

The f i r s t  few months o f  t h e  program we d i d  spend look- 
i n g  a t  t h e  i n o r g a n i c  components o f  t h e  s e p a r a t o r ,  looking  
f o r  s u r f a c e  charge  on t h e  z i r c o n i a .  We d i d  some electro- 
p h o r e t i c  m o b i l i t y  measurement9, and w e  t r ied to  look a t  i o n  
exchange c a p a c i t y  on t h e  powder. We s p e n t  q u i t e  a b i t  o f  
t i m e  b e f o r e  w e  g o t  to  measuring t h e  d i f f ~ s i v i t y  cs a func- 
t i o n  of  t empera tu re  i n  KOH. And s i n c e  w e  t r ied to do t h e s e  
measurements w i t h  t h e  s e p a r a t o r  as r e c e i v e d r  w e  d i scove rad  
t h a t  t h e r e  were very  r a p i d  changes i n  p r o p e r t i e s  as a func- 
t i o n  o f  rime and determined t h e  e x t e n t  of  t h i s  chemical  
r e a c t i o n  between the p l a s t i c i z e r  and t h e  KOH. 

We then  set o u t  to do t h e s e  experinrents  i n  which a l l  
t h e  s e p a r a t o r s  are p r e t r e a t e d  a t  80°C. f o r  48  h o u r s  i n  (011 
p r i o r  t o  making any p h y s i c a l  neasurements  on them. And f o r  
t h i s  p a r t i c u l a r  s l i d e ,  t h e  numbers I want to  10.3k a t  i n  
d e t a i l  a r e  t o  compare this f i g u r e  o f  1.42 he re  f o r  a s i n g l e  
s e p a r a t o r  measured w i t h  45 p e r c e n t  KOH a t  26O and t w o  o f  
t h e s e  s e p a r a t o r s  p u t  f ace - to - f ace  where t h i s  nwnber is re- 
duced t o  . 25 .  So w e  have a lmos t  a f a c t o r  of f o u r  or f i v e  
be tween these--  More t han  a f a c t o r  of 5 between t h e s e  t w o  
numbers wheh w e  p u t  a double  s e p a r a t o r  i n  i n s t e a d  o f  a 
s i n g l e  . 

T h i s  I t h i n k  is  i n d i c a t i v e  of t h e  number of d e f e c t s  
t h a t  occu r  i n  t h e  s e p a r a t o r  a s  made. 

( S l i d e  2 2 4 . )  

Again some more d i f f u s i v i t y  measurements. And t h e  on ly  
f i g u r e s  I want t o  draw a t t e n t i o n  t o  a r e  t h i s  one h e r e  for  
t h e  double  s e p a r a t o r s  w i t h  t h e  c o a t i n g  i n  c o n t e c t ;  t h e  same 
f i q u r e  from t h e  ~ r e v i o u s  slide: and t h i s  one h e r e  f o r  t h e  
double  s e p a r a t o r  where w e  a c t u a l l y  removed the s u r f a c e  s k i n .  
And t h i s  is a t echn ique  one of o u r  c o a t i n g s  chemistsuses .  
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By p u t t i n g  s t i c k y  t a p e  down on the s u r f a c e  h e ' s  a b l e  to 
t ake  o f f  t h i s  s u r f a c e  f i l m  wi thout  r e a l l y  phys ica l ly  damag- 
ing  t h e  rest of  t h e  s t r u c t u r e .  

I th ink  t h i s  emphasizes t h e  importance of  t h i s  t h i n  
s u r f a c e  s k i n  on t h e  c h a r a c t e r i s t i c s  of t h e s e  membranes. 

( S l i d e  225. )  

These a r e  measurements of r e s i s t i v i t y .  And I want you 
to  look a t  t h e  l a s t  two columns where we're comparing t h e  
r e s i s t i v i t i e s  o f  the double and s i n g l e  s e p a r a t o r .  To some 
e x t e n t  the d i f f e r e n c e  is n o t  s o  g r e a t  here.  The experiment- 
a l  cond i t ions  a r e  d i f f e r e n t .  I n  t h e  d i f f u s i o n  measurements 
t h e r e ' s  a 14 molar concen t ra t ion  d i f f e r e n c e  between t h e  two 
s i d e s  of  t h e  s e p a r a t o r ,  and I th ink  t h i s  shows up t h e  
d e f e c t s  i n  bad l i g h t .  I n  r e s i s t i v i t y  the concen t ra t ion  is 
t h e  same on e i t h e r  s i d e ,  Never the less ,  the d e f e c t s  have a 
lower r e s i s t i v i t y .  

( S l i d e  226. )  

One o t h e r  se t  of r e s i s t i v i t y  d a t a ,  where I j u s t  want 
t o  look a t  t h e  f i g u r e s  t h a t  w e  have over  on this f a r  s i d e ,  
and n o t  d e a l  wi th  t h e  rest of  t h e  d a t a  a t  t h e  top. 

E s s e n t i a l l y  what w e  can do is p e e l  t h i s  membrane 
a p a r t ,  and w e  can s t r i p  o f f  t h e  asbes toes  from t h e  back-- 
L e t  m e  start a t  t h e  beginning. 

This  is the complete s e p a r a t o r ,  f i r s t  of a l l ,  -4824.  
We can then s t r i p  o f f  t h e  asbes toes  from t h e  back of t h e  
s e p a r a t o r .  W e  can a l s o  g e t  r i d  of t h e  c u t i c l e  on t h e  
f rontby t h e  s t i c k y  t a p e  technique t h a t  I t a l k e d  about.  And 
w e  can t ake  t h e s e  numbers he re  and, by s u b t r a c t i o n ,  d e t e r -  
mine t h e  c o n t r i b u t i o n s  t o  t o t a l  r e s i s t a n c e  of  t h e  va r ious  
l a y e r s  of  t h e  s e p a r a t o r .  

You can see from this t h a t  t h e  very t h i n  c u t i c l e  on 
t h e  s u r f a c e  does make a very s i g n i f i c a n t  c o n t r i b u t i o n  t o  
t h e  t o t a l  r e s i s t i v i t y  o f  t h e  s e p a r a t o r .  
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Some quick comments on s i l v e r  d i f f u s i o n  and s i l v e r  
r e t e n t i o n .  There ' s  a massive amount of d a t a  on hefe. But 
thecnly  p o i n t  I want t o  draw a t t e n t i o n  t o  is  t h a t  except  
i n  some s p e c i a l  cases t h e  concen t ra t ions  i n  t h e  downstream 
s o l u t i o n  he re  a r e  r e a l l y  t o o  low, i n  most c a s e s ,  t o  be s i g -  
n i f  i c a n t .  

These a r e  s i l v e r  r a d i o  t r a c e r  measurements. I n  o t h e r  
words, t h e  s e p a r a t o r  is a very e f f e c t i v e  b a r r i e r  f o r  s i l v e r  
migra t ion  a c r o s s  t h e  cell.  

I might add, a t  t h e  bottom here  i n  t h i s  l i n e  w e  have 
s e p a r a t o r s  taken from a ce l l  t h a t  had a t o t a l  of a thousand 
days w e t  s t and  l i f e  wi th  r o u t i n e  synchronous o r b i t  c y c l i n g  
i n  t h a t  pe r iod ,  and t h e r e  was no movement of  s i l v e r  even 
through those  s e p a r a t o r s .  

These a r e  s h o r t  term tests. And I j u s t  want t o  s i n g l e  
o u t  two p o i n t s  here.  

F i r s t  of  a l l ,  we're only looking a t  t h e  upstream 
separa to r s .  Where w e  looked a t t h e  doubles,  t h e  downstrean 
s e p a r a t o r s  showed no s i l v e r  con ten t  a t  a l l .  But t h e  s i l v e r  
r e t e n t i o n  i n  t h e  cell  d i d  depend on which way w e  o r i e n t e d  
t h e  s e p a r a t o r  i t s e l f .  There is s i g n i f i c a n t  chemical 
i n t e r a c t i o n  between t h e  s o l u b l e  s i l v e r  and t h e  o rgan ic  
components of t h e  c e l l ,  and p a r t i c u l a r l y  i f  t h a t  s e p a r a t o r  
has no t  been p r e t r e a t e d  t h e r e ' s  an even b igger  i n t e r a c t i o n .  

We d i d  a t tempt  t o  look a t  how t h e  var! -: components 
of t h e  s e p a r a t o r  d i d  soak up s i l v e r .  And t- ; is shown 
here .  

( S l i d e  229.) 

F i r s t  of a l l  we f i n d  t h a t  -- t h i s  is s i l v e r  taken up 
from t h e  s o l u t i o n .  I t ' s  an  easy way t o  measure it. The 
3420-25 powder showed very l i t t l e  pickup, a s l i g h t  s u r f a c e  
adsorpt ion .  The polyphenolens oxide  powder, one of the  raw 
m a t e r i a l s ,  showed q u i t e  s i g n i f i c a n t  pickup. The PPO c a s t  
f i l m  a l s o  showed q u i t e  s i g n i f i c a n t  pickup. Once w e  mixed 
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t h e  PPO and t h e  p l a s t i c i z e r  t h a t  number goes up q u i t e  con- 
s i d e r a b l y .  And, of  cour se ,  t h e s e  a r e  v i r t u a l l y  components 
of  t h e  c o a t i n g  l a y e r  of t h e  s e p a r a t o r  excep t  t h a t  t h e y ' r e  
p r e s e n t  i n  h ighe r  s u r f a c e  area form. And h e r e  t h e  PPO 
d i s t r i b u t e d  on t h e  a s b e s t o e s  is a l s o  a  very h igh  s u r f a c e  
a r e a .  

So t h e r e ' s  a  c o n s i d e r a b l e  chemical s i n k  i n  t h e  separa-  
t o r  f o r  t h e  removal of  s i l v e r  from s o l u t i o n .  And I t h i n k  
t h i s  is  a  b i g  component of  t h e  o v e r a l l  r e a c t i o n .  But t h e r e  
is a fundamental b a r r i e r  t o  s i l v e r  d i f f u s i o n  a s  w e l l  a t  t h e  
s u r f a c e .  

Thank you. 

HENNIGAN: A r e  t h e r e  any q u e s t i o n s ?  

CORBETT: How would t h e  r e s i n  i t s e l f  w i th  t h e  p l a s t i -  
c i z e r  be  as a f i l m  s e p a r a t o r ,  g iven  your  conc lus ion  that  
t h e  b a r r i e r  p r o p e r t i e s  come from t h e  o r g a n i c s  themselves? 

PARRY: I t h i n k  you need more than j u s t  b a r r i e r  proper-  
t i e s  i n  a  s i l v e r - z i n c  s e p a r a t o r .  You need an e l e c t r o l y t e  
r e s e r v o i r  a s  w e l l .  Th i s  is  khe funct ior .  of t h e  a sbes toes .  

I th ink  the i n o r g a n i c  components of t h e  c o a t i n g  pro- 
v ide  a very good mechanical key f o r  t h e  t h i n  f i l m  a t  the 
s u r f a c e  t o  t h e  a sbes toes  p h y s i c a l  suppor t .  I t h i n k  they a r e  
an impor tant  p a r t  of  t h e  s e p a r a t o r  i n  t h a t  con tex t .  

Within t h e  narrow d e f i n i t i o n  of t h i s  p i e c e  of  work, 
t h e  ino rgan ic  zomponeat does n o t  seem t o  c o n t r i b u t e  t o  t h e  
r e a l  mechanis t ics  of  t h e  s e p a r a t o r  i t s e l f .  

We've j u s t  s t a r t e d  doing some work wi th  r e s p e c t  t o  t h e  
z i n c  e l e c t r o d e .  I might r e v i s e  my opin ion  i n  t h a t  d i r e c -  
t i o n .  There appears  t o  be an in t e rac t ionbe tween  the i n -  
o r g a n i c  component and z inc .  I d o n ' t  want t o  s a y  more than  
t h a t  a t  t h i s  t i m e .  

GANDEL: What tempera ture  was t h a t  l a s t  s l i d e ?  

PARRY: The l a s t  was a t  26OC. 



MENNIGAN: Wasn ' t  t h e r e  a r e a c t i o n  between the o r i g i -  
n a l  s e p a r a t o r  and the z inc?  

PARRY: W e  d i d  some qu ick  g a s s i n g  exper iments  o f  
powdered z i n e  and t h e  3430-35 powder, and t h e r e  is s l i g h t  
hydrogen e v o l u t i o n ,  y e s .  

KLEIN: What's t h e  po re  s i z e  d i s t r i b u t i o n  o f  t h i s  
t h i n  p l a s t i c  f i l m  t h a t  you have t h e r e ?  

PAHZIY: I d o n ' t  know, Marty. I guess  it is down i n  
t h e  hundredths  of  angstrom reg ion .  

POWELL: What's t h e  t h i c k n e s s  o f  t h e  a s b e s t o e s  l a y e r ?  

PARRY: The a s b e s t o e s ,  i f  I remember c o r r e c t l y ,  is 
I h i n k  12 m f l l s  - - lo  m i l l s ;  thank  you, Marty. 10 m i l l s .  
The c o a t i n g  b u i l d s  up t o  abou t  4 m i l l s  on t h e  s u r f a c e .  

The c o a t i n g  i t s e l f ,  from o u r  a n a l y s i s ,  t u r n s  o u t  to  b e  
50 p e r c e n t  porous.  

HENNIGAN: Any o t h e r  q u e s t i o n s ?  

(No response)  

HENNIGAN: Thank you ve ry  much, John. 

HALPERT: I want t o  thank you a l l  f o r  coming. I hope 
w e  have made a n o t h e r  s t e p  forward,  a s  w e  hoped w e  would a t  
t h e  beginning .  

I want t o  thank a l l  o f  o u r  chairman -- Floyd,  Tom and 
B i l l  -- f o r  t h e i r  he lp .  And M r .  Bloom, who h a s  been t a l k -  
i n g  i n t o  t h a t  machine f o r  two s o l i d  days ,  w e  want t o  thank 
you ve ry  much. And a l s o  o u r  peop le  back t h e r e  i n  t h e  record-  
i n g  s t u d i o ,  who a r e  i n  t h e  o t h e r  b u i l d i n g ,  Tom Dixon, thank 
you very  much. 

Have a  good t r i p  home. 

(Whereupon, a t  4 : 2 5  p.m., t h e  1974 B a t t e r y  Workshop 
was concluded.)  
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