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SESSION 3 /!

Separator Seals -~ Hardware

HALPERT: Good morning, gentlemen.

Starting this third session now I ﬁould like,fo
introduce Tom Henniéan, Chief of the Electrochemical Power
Sources Section herg at Goddard. . He ha§ been actively
engaged in battery technology for»quite a long time, has
cbnsidergble experience =-- a very caﬁable gentleman. I
introducé Tom Hennigan.

HENNIGAN: . Thank you very much, Gerry.

This morning; as you know, yesterday eQening we
had a couple of people who wanted to talk on acéelerated
tegting and before we start on the sepa-ator - seéls
session here, we would like to have these two talks out
of the way. I think they are about five or ten minutes in
duration. |

Of course, accelerator testihg is one thing we.
sure would like to have every time we make a change in these
cells we have to go through the same long life cycle test
£o compare it with the cells that we‘already have and foday

if you want to convince a project manager to change a cell

or change the design of that cell you have to have this long -

cycle life test to prove to him that the battery is as

reliable and as good as the ones that he flew before.
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So our first speaker this morning will be Ed
Colstob; who will give a rundown on some of the Bat?eile
woék -~ Design for acéeleratéd testing.

Ed Colston is at Goddard Space Fligﬁt Center in
the Advgnced Power Sources Section.

EDWARD COLSTON: I think ii has become clear
with time that five or ten years of cycling.is too’long to
wait to find out you have a five or ten-year cell because,
for instance, wewhave soﬁe Cells already craned now that
were put on: in 1963 or 1964 which are excellent cells and
too bad they ‘don't make those any more.

(Laughter.) |

We are starting an updated Crane facility, as
you all'ﬁave heard, and accelerated.testing will be a part
of it. This is an outline, a vefy brief outline of soﬁe
of the philosophy involved and wheré we stand.

This work has been developing over the past
five years. We started out with contracts: RCA, Mauchly
Associates,.the Crane StatIGroup, and fiAally Batte;le.
All of their reports were mailed out to the battery distribu-
tion list.

There is a £remendous amount of detail in these
reports. There is some smoke in parts of them, too. We

have reached a point where we are going to make some very .

basic ass-mptions. We are going to assume that all aging
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processes involve the physical movemenf of restructuring
of matter.

Two, that this aging is caused by one or more
of the %ollowing stresses: Gradients of temperature,

pressuxq, concentration or voltage. I was very pleased

to hearipeople talk about concentration gradients yesterday’

perha»s causing some type of dendritic growth or potassium
ogide étystals being formed. |

Thesé stresses can generally be thought of
aS'thefmal, mechanical, chemical, and electrical. We
have come up. with on electrical qtantity a calculatable

qguantity we caill Q. Finally, we have arrived at some-

thing we are going to describe as a number which describes

the goodness of a battery.‘ We are going to call it Q.
In every case Q reduces to the units of

conductance per unit mass, mhos per gram. For instance,

a value which we will use in the Crane program is sort

of an.electrical, a volﬁage quality. This QE;is calculated
by takiﬁg one over delta Voltage (AE) times the hourly
réte (n) times thg'éramé per aqpere hour (g').

: 1
Grams per ampere héur, grams are measured.

Ampere hours are manufacturer's rated quantity. This is

the voltage quality.
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We-wiil assume that Q starts initialiy high
and degrades with time.

‘ We will then take Qo ~—~ Q sub zero — and divide

it intg the Qs at any point. (i.e. Q/QO)

This will give us a number between zero and one
which/will initially start at one and decrease towards Zero.
We will pick a point at which wé will call it failed.
Prbbabiy it will be at or close to zero.

It is believed that £he raté of decrease of Q
can be increased by combinations of the fqllowiﬁg independent

variables.

Note: These aren't necessarily stresses, pure

.stresses. They are independent variables.

Environmental temperature, amount éf overcharge,
rate of charge, depth of dischafge, rate of discharge, and
there are about five others. Among thém,‘vibration,
radiation, .  that sort of aging. ,

I like these because for the first five I
mentioned, four'can'be held constant while one is varied,
whereas if cell voltage is added, it can't be done. They
interact.

This Q ratio 1 spoke of between one and zero
is very necessary. Because, one, it allows us to

arbitrarily rate the goodness of a cell and, two, because

it arbitrarily points in the program, perhaps at Q values
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of 1,;;75, .50, and .25, to times at whicP sample cells

shoula be taken off line and analyzed. During the test program
in viﬁ& analysis of live cells will be performed.

To date at Crane, when yo; take apart a dead cell,

i |
you find a mass of gook with about fifteen things wrong with

it aéd you don't know which caused what and what happened -

together and what happened later because it was a dead cell
arid you‘were running current through it.

The in vivo analysis will be to determine what
failure mechamism seemed to be progressing at what rate.
This is ver§ impo?tant because accelerated testing means
that &ears of life testing have been simulated in a matter
of months,.aﬁd the meéns in both:cases by which it dies is
the same. The same failure me¢hanism or mechanisms must
dominate.

We can all.take a cell and kill it in several
weeks. We.can break i't‘:. Gross overcharge. . Gross reverse
charge. Turn it into a balloon. Mage if explode. But
what ﬁe haQe done to it is different than what it will
see in actual 1ife. I don't think that thé failure

mechanisms are the same. They must be the same for

~accelerated testing.

From these values we hope to get an idea of
the sort of the failure mechanism or 1ife cycle response

surface, to be able to correlate points. To be able to
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‘correjjgte levels when the same failure mechanism eXists,
. ERi

"would like it to be about 100 or more.

249

the gsame general type of sensitivity to certain parameters,
an ‘acceleration factor may be found say of ten; so-that
instead of a year of testing, it takes 1.2 months -—

although ten isn't a big enough acceleration factor; I

It is proposed to use five levels for each stress.
It is pfoposed to use five basic cells per level plus cells
for teardown analysis. The full faétorial experimenf expands
quite rapidly. For one stress we.need 55.ceils. For two
stresses we need 260. For three stresses we need 2,165. Et
ceteraf We cannot do‘a full facforial experiment for four
strésses or‘ﬁore. Therefore, we will d§ a partial factorial
test inVolving one to two hundred cells.

‘We will go through it using engineering judgment,
this sort of thing, previbus Crane data, and what our predic-—-
tion techniques have come up witl.x, to date, to eliminate and
reduce positioﬁs. We gust can't afford 6,000 cells, especially
not built as tight}y, uniformly, and with as.much manufacturing
data as these cells will have to be made.

We will use our thfee analytical methods, the
general categories of analytica; methods of the data that have
come forward so far. You have seen these pointed up in eépe—
cially the last Battelle reports, the empirical, statistical

and physical ways of looking at data. We will hopefully get
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an ided’of the aging response surface. We wonfé do it all buf
we feel that five points per stress is definitély encugh to dis—
cover ié one failure mechanism predbminates. Three‘points wiil
give that if it's hopefuliy'on a stréight line. I don't think
that wbﬁwill discover that -~ it's pﬁrely temperature dependent
like a;Arrhenius plot but five should be enough to tell you if
you have two.

Dr. Thomas, who acted as our statistician, assures us
that it will give us —-- we can figure transition energies and
basically see if somewhere in the test range we are changing our
failure mechénism once. We hope to get yeérs of data ih months
and as prediction improves, right now our prediction technique,
as you have seen in the reports, is fairly good based on less
than a fhousand cycles they have been able to predict a year,
two years, sometimes more, three years, of life based on less
than a thousand cycles. And this is with say 95 and 90 and up
peréent accuracye.

Aé our prediction improves we hope to accelerate the
minimum number of cycles necessary to predict full life. In
otherAwords,'if we detérmine that with taking data this way and
with accurate data that based on 100 cycleé, whiFh isnft really
fully broken in, a cell which has a hundred cycles,'we can pre-
dict its relative full life if we can accelerate this hundred
cycles into two days and then use this tq predict the full life

of the cell in effect we will have a very powerful, if you will,

T
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acceptaéce test. This is one way of getting meaningful accep--
tance }ests. The ones'thatﬁI have examined so far are effective
on‘picking infant morfality but beyond that it's very hard to
rate gqqg, better, andAbest over life.

Now finally, my opinion of this work is that it has
made séme very interesting, unusual, and useful contributions
to failure aﬁalysis, prediction, and I think that the Battelle
report méde somé, well, basic contributions to the theory of
ihe physical chemistry of. aging.

Any questions?

(Applause.)

HENNIGAN: Any quéstions for Mr. Colston? Don't
forget to alﬁays give your mame and association.

J. L. WEININGER: Weininger, General Electric.

N . I am sorry I am a;litfle late, so I missed the
introduction. I'm reélly not sure whether this is the subject
of accelerated life testiné; If it is, I have a few remarks
to make and slides.

HENNIGAN: I would like to introduce Dr.‘Weininger,
from General Electric, for a short talk on accelerated testing.

WEININGER: Actually, I got a number of t§pics I
should have liked to discuss a little bit anyway and specifi-
cally the business of accelerated life testing would have come

at the very end of it.

‘There is at GE a program sponsored by the Air Force
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" and if I could have the first slide --

role of additive in the nickel positive active material.

with respect to a reference electrode in the cell we can

253 |

on increasing the energy density of nickel positive plates,

‘ : ;
so thig would be very appropriate to discuss now. But what I !
was pggticularly interestéd in was in work which we were doing ;
at oux-)aboratory last, which was the role of additives.

‘A few remarks seem to be indicated on‘that but |
maybeéhct in this particuiar point of our discussions.

With regard to accelerated lift testing, I recognize

how very important and thorough your testing must be in the

framework of what you are doing here but just to put a differert

point of view on it, I would like to mention some wome work

that was done on this program which has a different approach.

(Slide.)

The part I was concerned with particularly was the

This is just a lift of the periodic table of all the additives
that have been put‘into thé nickel positive plate, and
without going into details he:e;'we go-to thé ngxt slide, pleas
| (slide.) |
Tﬁe pufpose of discussing it in terms of lif@;v
accélerated life'test is that by having a certain voitage

scheme measuring the potential of the nickel positive plate

simulate one single cycle by a triangulaf voltage step.

Assume now that this is a positive plate which you
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have taken out of a battery. You incregse undefbpqtentiostati;
control! the voltage and let the current take its own value.
In that case you will find that.you can cycle the piate;
or é small sample of the plate, and get some kind of
voltage trace like this, always under potentiostatic control,
but erfa{ic, going up in voltage/and down. And what I
am suggdsting here acﬁually is thét you can compress 1,000
cycles of a charge, discharge operation into one weekend.
And the battery éngineer has a great deal of difficulty to
consider this because they asked me actual}y what C rate
were yuu operating here, and if you consider the C rate by
the true definition of it, it is 100 C rate or a 1,000 C rate
when you discharge one amperehour cell for one hour you have
one C réte.

But when you discharge a ten miliiampere—hou? cell
for ten millihours you don't get a C rate but you still have
a 100 C rate. So what I am just saying is that if you Jjust
stop aside for a moment and look at it differently, ydu can see
that you take the current aensities at which you operate in
an ordinafy C rate, take a little sample out of a battery
plate, and cyéle it and within a few minutés, dépending on your
sweep rate here, you'can get a whole discharge charge cycle.

In our particular case we have done\this specifically
to test —=— I'm coming back now to the additive —-- the case of

cobalt, where it was found that it is very beneficial to have
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cobalt addgd-to the nickel plate, particularly for the

charge acceptance and charge retention of the positive

aé higﬁ temperature,.high femperature being 45° ¢,
Maybe the next slide will show that.

That is just another sweep ratio oscillograph

‘trace,; The next one, please.

(siide.)
Here you see in two normal KOH and six normal
KOH what an electrochemically deposited nickel sample
will do in two normal and six normal KOH solution. The
Q here refers to the charge per square centimeter of
electrode. And it shows éhat relatively more charge
over longer periods of time is maintained where cobalt
is added to the nickel.
| This is generally. known in the battery industry,
but it's worth mentioning now also, and it's simply to show
you that it is possible to have some other accelerated life
test.' And that's really all I want to say on that subject.
Thank you. |
HENNIGAN: Wevhave a question from Ernst Cohn.
COHN : If you really believe that this is a good
method for simulating accelerated life testing, do you have
any plans for coordinating your sweep methodiwith a true
regular life test to sée how well they coordinate?

WIENINGER: Well, I'm afraid I'm in the R&D part




I | I ¥ | Y |@ | | m
2 L
3 N | Mg | (M) G
4 K Cu Sc As{Cr Mn Fe
5 [Rb Ag Sn|  Sb|Mo
RARE
6 [cs  [Ba Mgl EaRTH Bi| W
1600 ¢
2N KOH 100 | 6N KOH
- 200 +
o 1000 1000
S 500 Ni/Co
800
£ i\
600 I 600
Ni
400 S
200 200
ot, L 1 L 1 [ 0 Ao 1 { 1 1
0 200 400 600 800 1000 0 200 400 600 800 K00
CYCLES

A

(K TS

VOLTS vs. MHE

0.0

&
12 ¥
o ﬁi"“* %‘*‘%3
— NN
0 Ni= NitOH)y 1@ %

LN

a L] .
REDUCE Hy
~0.4 GASSING CURRENT
REQUCTION OF

JURFACE OXIDE

TINE

Ni-10% Co ALLOY [
2N KOH
¢ CYCLE 1054 5 -

i-Eoile.

5 e
0‘y

e
, \/ Qc/Pa

v d
Eoole

E/4T

nv vs,

TYPICAL CYCLIC i vs. E CURVE FOR NICKEL

vege

s i Py PR - A P



jrb-13

10
1"
12
13
14
15
16
17
18
19
20
21
22
23
24

| Reporters, inc.

25

- so the answer is essentially negative.

right now I am aware of the experimental difficulties I didn't

done yet.,
HENNIGAN: Do we havé any further questions?
S;d Gross wanted to say a few words on accelerated
‘testing, |
| GROSS: I am goiné to waive it until next year.
HENNIGAN: Yes, you‘will have more.data next year,
okay.

256

of this partnership. We have actually looked aé the Cfane

data afd tried to see whether we can, at least the cobalt tes;,
wﬁethernwe can correlate these with what is available in the |

1itera§ure. If you are télking abou£ actual commercial plates
that have been tested,Athere ére no such tests available to us,

.Howéver, I think I would like to try this'énd
: _

go into. right now. What is involved really is if you have a
plate, just té punch out a small s%mple with the‘plate_at é
couple c¢f miilimeters thick, a sample about one millimeter in
diameter and use this as your test electrode, and than all
I have to do is to wait for my colleagues'to give up one of
tﬁeir huge constant current potentiostats in order to be able
to really work at the current levels that aié»required.

I am aware of what has to be done but it hasn't been

(Laughter.)

I'd just like to let the fellow know in the slide
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rooﬁ that we.are'starting the regular schedule now. This is
the regular setup fo: slides that we have lined up.

| Our next session this morning is going ‘to be on
separaﬁors, which is a very popular talk around the battery
busineés. 0f course one of the proﬂleﬁs with picking a
separator again is we don't have any real good test to-tell
us how a separator is going to work in a battery. I will
show some data later that some of these wetting tests that
you woﬁldn't eveﬂ pick these séparators for worked quite well
in bat#eries.' We don't know how long they are’going to work.
There ére some indicatibns.that the physical properties and
materials will tell you not to use certain types of separators.

| The other problem we have is with suéply of these

méterials. It seems like every once in a while you come °
across a p;etty good dne and i£ seems kind.of difficult to
get the material again. The fellow went out of that business
or he changed the process or something. So pretty much I
guess the iﬂdustry has stuck to the nflon type'material,

primarily made by the Pellon Corporation, usually referred

to as 2505ML, and as long as the temperature is cc¢ld, or

at iero, we had pretty good success with that separator.
The‘tréhdvnow is to tfy to find a polypropylene

that will also work in the cells for long periods of time.

I dop't know if it's going to allow us to raise the tempera-

ture in these cells because we are still probably going to
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" to have problems with the cadmium migration. I don't

think the Pellon will really stop it.
b

Lett's get on to the few speakers we have this
morning in the separator area. Our firgt one is Mr.
Gary Lyons, from Howard Textile, who wouid like to talk
about gome nonwover polyamides, the physical and chemical
characteristics. |

Gary Lyons.

GARY LYONS: Good morning, gentlemen. For those
of you that‘don?£ know me, my name is Gary Lyons, and I
am an officer of Howard Textile Mills, Allied Heat Seal
Corpofation, and United Processing.

For the past twelve years we have been producers

of woven and knitted'nylon'cloth. We also have made

- nylon envelopes for use as battery separators, and we

have'reCently producéd a new 100 percent polypropylene woven
cloth of excepfional high strength and heat resistance,
about eight mills thick, and additional sample yardage

of thése goods will be available very shortly for anyone

who is interested.

Since 1969 we have been working with Monsanto

‘Corporation in adopting Cerex for batteries. And in

1970 we were appointed distributors of Cerex to the
battery industry.

In recent years the use of man-made fibers in both
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‘strucfures, Monsanto, in 1963 began research on spun bonded

'sginning and bonding, Gerex is formed from a;web;of_loo
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milita;y and industrial applications have increaséd dramati—;
cally.{ Many different fibers and a multiplicity of fabric
constr?gtions are now available. Consequently fabric and
fiber gonstructions for Speéific end uses are selected after
metiéqious assessment of their performance properties. BAware

of the need for a top performing fiber and new lower cost

materials and this research has culminateduin the . development
and mbge recently in quantity production of Cérex spun bonded
nylon fabric.

ks

- Manufactured by an integrated process ,of fiber

percent nylon, 66 continuous filaments self-bonded at the
f#lament junctions. It contains no adhesive, no sizihg,
b}nders,‘o: fabricﬂfinishés. . | |

On én equal weight basié,'Cerex ig‘tbe_world‘s
st:pngest nonwoven'fabric. It possess all_q? tbeThigh
éetformance attributes of‘nylon 66 plus the.ﬁnique features of
_#lspecifically engineered spon bonded structurgf_,

Could I have the first slide; p;easé:;

(slide.) o |

A scanning electrdn photomicrog:aphuof_cerex
at124 times magnification is in that slide'pumper one. In the
figure there is #lnetwork of bohded continuous’filaments}with

genus ranging from three to five. Because of the absence of
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any exfernal binder it is péssible to have a web of uncoated
filamé;ts characﬁerized by'a high surface area with an |
abun@géce of interstices for easy circulation of the electrolyﬁe.

B This may not be the case for the staple. filament
woven;éhere matted areés of fiber and binder diminish surface
area. S ey

"At this point it‘is important to note the difference
éetweeﬁ spun bondeas and the broad class of products nononens.
Spup‘Sbndeds are continuous. filament web, web structures,
bonded at the fiiament crossover points. The key word is
fgcptinuous filament." The éontingous filaments“aiong with
s;rpng bonds.allows any external»force to be propaéated
th:qughout the fabric to a significant exten;.”:Thﬁs causes
g?gpx to be much strongér than,any staple fib¢;~nonWOVeni'
' _Coﬁld I have sii&e number two?
(Slide.)

h: ) ﬂexexvis also é highly homogeneéus structure due
to the absence of an éxternal biﬁdef. This is particularly.
gviﬁen&:'in sliées one and two where the clean network of
éerex‘filaments is contrasted with slide number two, a staple
nohwoven, Where discrete filaments are held togeﬁher in a
contiguous network by globs 6f binder. Theutqtal ndnfiberous
material content of Cerex is less than one percent. According

to Federal spec CCT-191B, Method 2611,

With no finishers or binder systems present
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contamination hazards are reduced.
. Could I have Table 1, please?
(Slide.) |

. The weights and typical physical properties of the.
range of currently made Gerex styles arejgiven in Téblé 1.
Cerex is being analyzed fdr gnd use properties specific to -
batteries whiChgﬁse a potassium hydrokide_electrolyte. For
this edd use a low density material was éeveloped to promote
higher electrolyte retention. Specifically electrolyte : .
';gtention in 30 percent KOH has been increased.from approxif
mately 200 éo 700 percent with a low density fabgic¢‘=As
exggcﬁed some sacrifice ih the mechanical propeftigs was
gxg?fienced in going to a lower density fabric ??.Fhe degree

of bonding was reduced. Specifically strip tensile strength

.for low density fabric averages six pounds per inch for both

machine and transverse directions versus 25 pounds per inch

for standard fabric. Mullen burst strength still exceeds 50

pounds per square inch. Elongations have been lowered in both

directions from 80 to 25 percent.

Even with the sacrifice in mechanical properties
L} . \
we believe low density Cerex to be as strong as any staple

nonwover used for battery separators.

Although some reduction in wettability has been
achieved with a low density fabric further modifications are

now being made to improve this property.
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jrb-19
»} . Thank you. Are -there any questioﬁg.
2 B (Appléusef) )
'3 o HENNIGAN : Thank'you very much, Gary.
44 MAURER: Maurer, Bell Laboratories.
51 Can you make spun bonded polypropylene?
6|l LYONS: We can and we probably will. We're.working
7( on ié now.’ |
8 : o HENNIGAN: Thank you, Mr. Lyons.
9 . Do we have another question?
10 | FAﬁIK: Andrew Falik,lfrém.MOnsanto.-*~
11 If the market justifies the spunbonded polypropylene
121 we could go commercial. " Now it's like any other organic

13| polymer, one of ﬁany that we are trying to make in spunbonded.
14| At the present it's not amenable to a spunbonded process,

15| polypropylgne.

16 - HENNIGAN: Thank you very much.
17 . 8id Gross of Boeing?
18 GROSS: Gross of Boeing. My understanding is that

‘19|l nylon, there are many kinds of nylons of different molecular

20| weights and presumably of different stabilities in electrolytes.
21 | ‘ What can yéu séy.agout the differences between

22| spunbonded nylon and other Pellon type nylons in this regard?
23 | LYONS: Well, oﬁr spunbonded nylon is a 66 nylon
24| which would have perhaps marginal or even significant greater

! Reporters, Ine. ' .
25| resistance to degredation in alkaline solution. But pellon,
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b-20 :
1f I'm noﬁ'sure,.perhaps it's a nylon 6 polymer, so we would expedqt
,2 with tpe~diffefenceiin the polymer characteri;tics a little
3| less rgqsistance to a heavily alkaline solution.
41 - | As far aS other nylons, there is no other nylon spun-
5/ bonded heing made. We feel as far as resistance goes Cerex
-6 would pyebably have the highest resistance to an alkaline solutjion|
7l of anyzﬁylonxnnwoven being curréntly nmade.
8 : HENNIGAN: Are theré any more questions on this
9 nylonzv
101 J‘ -Bos Steinhauér of Hughes?‘
1 | STEINHAUER: Yes, I would like to ask, Qe have been
12|l concerned about sepataﬁor.degredation'and particularly the
13 'nyloné-and hostile formation §f carbonate. Would these spun-
14 bonded nylons constrasted to the unwoven materia;s,bé more
15| resistant? 'In other words are these binders the things that .
15| are breaking down rather than the nylon itself? _
i? ‘ ‘ FALIK} Pellon advertises, and I believe rightly
13l so, 100 percent polyamideLstructuré. We alsoladve;tise'loo
19|l Percent polyamide structure subject to fhe solvent, - of
"20 extractions with water and cloroform plus the ash content
21 which is less than one percent} which‘I don't think Pellon
29|l could exceed that figure either. | |
23 . I feel that as far és degredation is concerned,
24| it's a question of nylon 66 versus nylon 6 and this would be
lkm"ﬂh;g the only difference in the two materials.
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ﬁENﬁiGAN: Guy Rampell of General Eiectric.
RAMPELL: Can you tell me what aif‘permeabiiity
rangefpfhthe commercially produced is at the moment? |
: AFAnIK=" Fof our low dénsity material style that
we hdgq will be used in battery separators iﬁ ranges from 300.

to 350 gcubic feet per minute per square foot of fabric at a

RAMPELL: Thank you.

: HENNIGAN: Andther question here -- Menard of
Gould. | .

iMENARD: ‘DQ you have any binder in your fabric?

'FALIK: - There is no binder material in our
fabric. This is to say that if w; took a sta?le nonwoven
ahd subjected it to a solvent extractions and watexr extractions
and ésh and we took our material, we -- the total amount of
-~ there would be nothing in the extractions that would be
representative of any binder.

MENARD: You mentione& about Pellon being 100
percent nylon. They do have the binder which is zinc oxide
in there. We ran analysis some years back and IAthink this
is what caused the degredation -- the binder itself, not ﬁhe
nylon fibers.

I don't know if there is anybody here from Pellon
who would like to comment on this. o . s

HENNIGAN: I believe that's zinc dloride, ish‘t it?
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MENARD: Where does the zinc come from?

HENNIGAN: Do the fellows from Pellon like to say

anything about that?

VAN BEAVER: Van Beaver of Pellon Corporation. The

binder gystem is propfietary. I cannot comment on it.

But I would like to ask Monsanto a question on the

binder.. .
(Laughtér.) '
fALIK: It's proprietary.
VAN BEAVER: Right.
(iaughter.)
VAN BEAVER: Then you do have a binder in your
system. - |

FALIK: No, sir.
VAN BEAVER: No binder whatsoever?
FALIK: No.

_HENNIGAN: Sid Gross from Boeing?

GROSS: Gross, Boeing. Of particular importance
of course is the ability to make separéto: very uniform and
very predictable and very consistent.f

Could you -- db you have any remarks on what
performance you have experienced in this regard?

FALIK: I feel our spunbénded Qould not beﬂworse
than any other commercially nonwoven that is available on the

market now. We certainly at this time could not-make as
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- Krfiger ran some permanganate’oxidation tests and of course
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uniform a material as a woven structure. I don't feel that
any nogwoven producer has a plus as far as uniformities are
conce;ﬁéd.‘

I would like to point out we have a big program
in meagyring uniformity and it is a function of how many sample
you takf§ and the area over which they are taken. From this’
confere»ce‘pefhaps I would like to get an idea of how you
would want ﬁs toAsampie uniférmity in a battery separator
material? Should we take three-inch squares and méaéure them
for density and weight and do a thousand of these within a

thousand yarés across a 50-inch width, or do we use a six-inch

could be more meaniﬁgful?
HENNIGAN: Could we have the spelling of your
pame, sir?
FALIK: Yes, it's incorrect on there. 1It's
F-A-L-I-K.
HENNIGAN: Mr. Rampell from GE has éome inforﬁation
on degfedation of Pellon,ijleOH. Do you want to say anything?

RAMPELL: You are talking nylon. Hans Krgger, Dr.

nylon does degrade and oxidize under those conditions. And
he also ran 160 degree Fahreﬁheit:stofage_tests in electrolyte
31 éercent electrolyte, and found that ~-- well, it was almost

impossible to find any nylon at the end of the storage period

s

4
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which was about six months. And in contrast t6 that,
polypropylenes are about the only materials that survived and
also were practically non-oxidizable in the potassium.perman;A

ganate.

HENNIGAN: I guess you well know when these cells

are run at say 40 degrees C in less than a year, there just

isn't apy separator left. I mean it's completely gone. It's

a- piece of mush in there with cadmium all mixed in with it.

So at.zs, it goes, depends on how you used the cell, in two

to three years, zero. We had these ﬁyloq cells with the nylon
in it running for six, going on seven, years.

Gary Lyons?

LYONS: I presume that wﬁen you say that there is
no nylon left you are referring to nylon other than the Cerex
spunbonded? I don't believe that that has disintegrated under
heat in any test that you have made.

AHENNIGAN: That we made?

LYONS: That have been made.

HENNIGAN: Oh.

Are there any further questions?

Dr. Maurer from Bell?

MAURER: I have a few general comments, We have.
been doing some accelerated aging studies. Our use node for
cells in many insﬁances is long term.overcharge:at e;evated

temperatures. And we have an accelerated test program
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along those iines that I think wé will report on at the power
sources-conference, but it ihvolves several hundred cells af
differeqt overcharging rates and temperatures. -

Our general feeling is that nylon 6 and also
nylon 6§ are degraded in oxygén KOH environments, and essen-—
tially ;greeing with what Guy Rampell has said on nylon in
permangaﬁéte'KOH solution. It's ou? oﬁinion at Bell Labs
that a lpng life cell must not contain any nylon at all.

HENNIGAN: Thank you.

We will go on to our next —— do you have a question
over there?

HALPERT: Halpert, Goddard.

fIAam not sure as to the ;élationship of the test

in the hot KOH and thé oxidizing'atmosphere as coﬁpared
with the environment the sepafator experiencés inside the
cell. That is, if youAtake the separator and measure its
thickness with a Caty gauge you get 14—15 mil-on the maximum
loft material, which is the typg used inside the OAO type
cells. Then, after plates and separafor are pressed and
the pack inserted into the case, if one détermines the room
left for the separator we find the thickness may be seven
or eight mil.

After a long term cycling we find the plates

themselves have increased in thickness, the positive in

particular have increased by 5 mil apiece. So we really
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are'dq*ng one other thing inside the cell. We are stressing

in terms of force.

That might be one of the other things we want to

consideyr ih this accelerated test work,
HENNIGAN: Bill Ryder from Gulton??
RYDER: I just want to ask a question of Dr.

Maurer.

. When you say long life, do you mean twenty-five
yYears on cycle, your typical standby power system life
requirement on batteries, or are you referring to space type

of service?

MAURER: I am referring to greater than five years

at toom temperature.

RYDER: Standby power, constant trickle charge,

long life.

MAURER: Yes.

RYDER: Thank'you.

HENNIGAN:. Dr. Weininger, did you'want to say a
few words on separators?

WEININGER: Yes, but I again have some slides to

. show.

HENNIGAN: Okay.

WEININGER: I have a few electron micrograms to
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the sample. This one is a polyethyleneQ The next slide shows

_ afe poggs in RAI separated, but I don't want to give you the

. assure yoﬁ that all other RAI separators we tested didn't
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The rigdges and.striaﬁions are artifacts from the slicing of

a polypropylene.

 (Slide.)

Agéin very small pore sizes. There is a hole there
from fie slicing, a tear, actually. Next slide please. -

A’ . (8lide. ) |

‘Just_becaﬁse at that time, at the Batterf Separator
Symposium we were very intefested in whatwas considered to be
the best alkaline battexy éeparator, the RAI grafﬁed poly-
ethylene. We made one particular electron micrograph on

RAX with very high conductivity, and this particular sample hag

pores also. These are less rounded more gene-like structures <

impresgion that they usually have pores. I only want to
demonsfrate this particular one because it .was very heavily

radiated in their process I suppose and pores develop.. I can

have actual holes of this nature. But even if they had; the
pore size is here oﬁ1§ onvthe oxrder of 100 angstroms itself.
And.that is not necessarily detrimental. In fact when you
come'to an ion exchange membrane you airive at the question
of what fractional pore sizes of the molecular level of an
ion gxehange_membrane really is. -

Now these separatofs are cheap to make, they.are
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‘appear are actual pores. The largest one there is 200 angstrorm
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show'&qu of the new porous polyethylene membrane, porous
polypgépylene membrane, aléo, and all the things of highly
cyrstaline polymers of this nature and these polymers are 50 -
percegt porous.and have the distinction of having vefy small
averag? pore size of average of 60 to 106 angstroms.

Thé first slide shows you a distribution of these
pore sizes. This has been actually published in the Journal
of.Eledtrochemical-Society and also at greater 1ength in the
Proceedings of the Battery Separat;r Symposium at Columbus last
spring.

I would to bring it to your attention at this time.
Could I have the first slide, please?

(slide.)

The next one, please.

' (Slide.)

Without going into any details on the methods by

which we established these pore sizes, this is a 50 percent porg

polyolefin, it has a few large pores, but the majority you can

One of the methods of determining these is shown
in the néxt slide.

(slide.)

You see an actual electron miérograph of a section

of this polymer. Now these little dots or water marks as they

&

us
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100 percent polyethylene. There is no additive to it. As a
resuléVthey have a pecuﬁar'propérty of bei;g completely
hydropﬁobic. And they will not allow water to come in

unlesg it is placed the*e in the first place. They can bé
heat gegled very raadi;y'and a number of battery applications
and mgzpy more that are not related to battery technoiogy;

Whether or not they would be useful in alkaline
batteries is a question but I just mention one other perameter)
and that is the tortuosity which is about three-to-ten;
average tortuosity of seven, let us say. So depending on the
thickness yoﬁ have, you see you decrease your effective
conductivity ¢onsiderably. If you have applications with
reasonably low drain, meaning no ﬁigher than one or two C,
this miépt be a good alkaline bgtteryAseparator.

Without question it is very good for a lead acid
cell. And the next slide will show you just one example of wha
is a conveption lead acid béttery sepa:ator,.the brown card-
board resin impregnated type behind there on which we have a
lead plate, positive plate, I believe, which is just slid into
a bag made from this material.

| That's all. Thank you very much.
( HENNIGA&S We had a question in the back tﬁere.
FALIK: Andy Falik, Monsanté. |
If it'é completely hydrophobic material then would

you care to comment on its wet-out properties?

1t
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. Company, Fiber Products Division, on nonwoveﬂ separators.
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WEININGER:. The case of an alkaline system which you

humid gtmosphere. In the case of the leaé acid cell, the
sulphuiic acid system, you have, as you lon at the'diagram
SO3H20,,you have a nuhber of hydrated coﬁéouﬁds which
the suiphuric acid is so heavily hydrated that it will not -
dry out undér any conditions,vbut there is no detergent or
an&thing else added to it.

. HENNIGAN: Van Beaver of Pellon?

VAN BEAVER:Gerry ﬁalpert approximately a week ago
cautioned me that there should be no sales p;tchgs made at
this conference but Iﬂwant-to clarify.two points:

One, Pellon has been marketing spunbond nylon for
aéproximately three yeafs now.

‘ATwo, we understand and are fully aware that nylon
has limitations in'long'life and higﬁ temperature requirements
For this”reason we are pursuing and pursued poiypropylene for
apbroximately nine year. | ‘

fhank you.

HENNIGAN: Well, I would like to get on to our next

speaker, who is Mr. Dangel, Mr. Phoenix Dangel from Kendall

DANGEL: Thank you.
Good morning.- The Kendall Company manufactures non

woven fabrics by the staple fiber system as distinguished from
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What I am going to talk about this ﬁorniné is the'?
selquipn of textile fibers and fabrigating techniques for ﬂ
separatpr design. |

' The relatively new art of manufacturing fabrics
direc;iy from fibers hasvpermitted a design fléxibility not
previouSly-available with older techniques. .The new class of
materials has been termed "nonwoven." The ASTM defines them ag
follows:

"Fabriés, nonwo&en. A planar structure produced

b§ the bonding or interloéking of textile fibers, '

or both, normallj accomplished by mechanical

work, thermal treatments, chemical or solvent

action or combinations thereof."

In the usual fabric manufacture.that has gone on
for aggs, fibers are first made into vyarn, either by spinning
of twisting of short fiber hairs, or by continuous extrusion
of infinite length multifilament or monofilament strands. The
varns are then either woven or knitted into fabric structures.
These have a thickness at least as great as the diameter of
thevyarn and £he porosity is usually a function of the actual
spaces between the yarns in the structures.

The first two slides will illustrate what I am

talking about.

(slide.)

trargten

o b2t
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There}is a typicél woven strucéure and the next
slide (5lide) is a typical'knitted structure. All right, you
can take the slide'off, please.

In the case of the nonwoven fabrics, thickness and
pore size are usuaily more closely related to the diameters of
the individual fibers, the number of fibers superimposed on’
eacnhn other =-- that is, the thickness of the sheet =-- and the
pfocessing history of the nonwoven. That is, the moduli of
rigidity and elasticity influence the fiber's behavior in
the final cqnfigﬁration as it is transformed into a nonwoven.

In fact, it is possible systematically to exploit
the chemical and physical natures of the fibers as well as the
geometié configuration in the deliverate design of a nononen
fabric to be used as a separator and electrolyte absorber;

ALet us consider ﬁhe factors involved in the design

(
criteria of a.separator for a specific end use.

.The first choice must be to select a f£iber of

proper chemical and physical characteristics. The considerations

would include those shown in the next slide.
(slide.)
'Noﬂ-solubility and non-reactivity in acidic, basic
or o:ganic electrolyte; reéistance to oxidation or reduction;
swelling or shrinkage in electrolyte; and thermal stability.>

Next must be considered the geometric characterics

, desired in the finished nonwoven fabric. These aré shown in
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the next éiide.

(slide.) Here we‘mﬁst consider fabric thickness, pd
size anA shape: uniformity of pore size distribution; strength
in thg X and Y directions; and elongation.

| Now let us attempt'the spatiai geometry for this
hypothetical end use. Let us éssume that we have chbsen the
proper fiber, héving,considered all the factors in Table 1.
The next decisions must be how to array the fibers and to hold
them together to unify the sheet.

Basically, textile machinery in current practice car

either manibulate the fibers mechénidally and lay.them sub-

-stantially parallel; or deposit ﬁhem; usually from an air

stream in a random manner.

(Slide.) :

The next slide illustrates theparallel array of
fibers in the machine direction, and the next slide in the
cross direction. . (Slide.) =~

These structures are characterized by high strengths

in the direction parallel to the fibers and less strength in

‘the cross directiqh; and by quite uniform deposition of fibers

resulting in relatively uniform pore size. The illustrations

are, or coursé, idealized and the actﬁal fabrics are not quite
as uniform as shown. |

The next slide (Slide) illustrates random arrange-
ment of fibers, wﬁich‘may be either short lengths -- that is

staple fiber -- or continuocus filaments, as described earlier

re




FIBER CHARACTERISTICS

® NON-SOLUBILITY AND NON-REACTIVITY
IN ACIDIC , BASIC OR ORGANIC ELECTROLYTE.

¢ RESISTANCE TO OXIDATION OR REDUCTION.
- ® SWELLING OR SHRINKAGE IN ELECTROLYTE.

¢ THERMAL STABILITY.

TABLE |

FABRIC GEOMETRIC CHARACTERISTICS _

® FABRIC THICKNESS.

® PORE SIZE AND SHAPE.

® UNIFORMITY OF PORE SIZE DISTRIBUTION.
® STRENGTH IN X AND VY DIRECTIONS. |
® ELONGATION.,

TABLE 2

| voez



jrhQ34

10

11

12

13

14
15
16

17

18

| Reporters,

19

20
2}
22
23
24

Inc.

25

the tortuosity of open pathways. (Slide.) Pore size can be

2717

by another speaker, of infihite length. These structures are
gehérally less uniform in_ﬁhicknesé from point to point in

the fabric and in pore size. .Sfrength is morelnéarly isotropid
in the X and Y difebtions, but this is usually not an importandt
factor in séparator ﬁesign.

The pexﬁ slide shows how thickﬁess may be built up
by superimpésition of additional fibers - next slidé,‘please?

(slide.)

And even given a strength in the 2 direcﬁion by
mechanical gntanélement of fibers dowh through the layers.

Next slide, please. (Slide.)

This shows a piece.éf_textile'machinery which is
used foﬁ making the random widths from staple fibers. ‘SIide
off, please. |

AThe next slide iilustrates how plying of multi-laye:
of oriented fibers can be used to build up increased thickness.
This sérves to decreaéé thé pore size by filling in some of

the slot-like spaces between individual fibers and increasing

further decreased by compressing the fabric in the Z direction
which cuts down the ;nterfiber‘spaceAand thus the size of the
capillaries. I'll say more about this a little later.

Another technique which may be used to reduce the
pore size further is by mixing fibers of two or more diaﬁeters.

As can be seen in the next slide, I don't know if you can make

'S
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out the very fine fibers there -- but the smali onés can be
used to fill in the voids between ﬁhe large ones. (Slide.)
The next consideration is how to hold the fabric
togeher once the fibers have been laid out in the desired
manner. A number of choices is available here as shown in the

-

next slide. (slide.)

. This shows -- excuse me, I meant to, introduce
this earlier ~= this shows a number of machines which, each
qfwwhi;h has the capability of making a fiberous web of
pa;allel fibers and .laying it, superimposing it on the previoucs

web on a continuous conveyer, so that we can build up

this multi-layered structure that I illustrated, and also

gives the capability of mixing the fibers of different diameter

as I illustrated.

Next slide, please. (Slide.)

Now, back to binder systems; Haat and pressure may
be used wiﬁh readily thermoplastic fibers, such as dypel,
pelypropylene and cellulose acetate, but care must be taken to
avoid glazing over the surfaces and thus reducing permeability

Solvents may be used with some thermoplastic fibers of high

melting point not susceptible to the pressure technique.

Chemical or mechanical entanglement may be used with cotton or

viscose rayon fibers which are not susceptible to heat or

solvent methods. Adhesive binders are commonly used in nonwoven

manufacture, but are not recommended for battery separators

s
>
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because they may decompose under oxidizing conditions and
make undesirable by~product$ that interfere with electrochemicdl
reactions.
| Earlier I made some comments about the effects of

compression on pore size. The next slide illustrates (Slide)
how compression may be manipulated as a variable.

‘Mathematical expressions haﬁe been derived for the
es£ima£ion of pore size by the study of flow rates through
fabricé; Since this is much more convenient than other methods

it has been adopted here to iilustrate this point.

This figure shows plots of air permeability against| -

pressure drops for three variations in porosity of the same
material.. The uppermost line showé one of our standard
cotton grades at its normal thickness, weight, and density.
The middle line shows the same material after it has been
calendered lightly; and the third line after(calendering wifh
greater pressure. |

The porosity shown on Figure 7 is calculated from

bulk density. The actual density of cotton fibers is very

be calculated from the known weight and thickness of the fabrig
and its calcﬁlated density in relationship to the density of
cellulose in it. That is, the density of the fabric divided
by the density of cellulose gives the fraction of space

occupied by the cotton fibers and the rest of the volume is
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TYPICAL STRUCTURES

FIBER BINDING SYSTEM BATTERY END USE
" cotton | Chewical Erdanglement| Mercury-Zinc
. Cuprous Chlonde
Dynel Mechanical Entangement|  Lead -Acid
Dynel Heat and Pressure | Zinc-Air
Lead-Acd |
Nickel-Cadmium
Polypropylene- | Apertured Lineor . .
é‘cﬁqohq PPolqpmpqle.ne Zinc-Air
Polypropylene | Heat and Pressure. | NicKel-Cadmium
Nylon Selvent- NECKel -Cadwmium
Sitver-Zwne
TABLE 5

V623
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made up of voids.

Next slide. (Slide.) This shows a plot of air
permeability against porosity at a half—inch water -drop
pressure across the fabric, one of a number of values that
could be considered. If we éssume laminar flow and flow
pressure drop through the pores, we know that the rate of flow
is proportional to the fourth power of the dimension of the
péres measured normal to the direction of flow and inversely
propoftional to the first power of the pore dimensioh in the
direction of flow. This brings us to a cubic function which
would plot és the straight line for flow rate, that is,
permeability wversus porosity. B

Even though we are not dealing with ideal cylin-
drical pores in the fabrics, but rather with slot-;haped pores

in the case of carded fabrics and rather oval-shaped pores in

the case of random fiber fabrics, the mathematics permit us

to use these plots as valid indicators or how we have delibera;

tely reduced pore size by application of external pressure to
these fabrics duriné their preparation.

slidé, please. (Slide.) When hydrophobic fibers
are chosen for their good resistance to oxidation and chemical
stability in electrolyte, a liguid ¢apacity holding problem
is often encountered. The contributing factors are listed .
in the next slide. (Slide.)

Wetting angle of electrdyte on the fiber polymer,
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fiber diameters, pore size as modified by preséure, and fibeé
finish additives. Slide off, please.

Unfortunately, wetﬁing angle is difficult to
measure on dndividual fibers due td the narrow diameter of
textile fibers in general. It is usually measured on fabrics

or on films of polymers from which the fibers are made. An

substfates is found in Volume 43 of the the "Advances in
Chemistry“ series published by the American Chemical Society
in 1964. It must be kept in mind, however, that wetting angles
of aqueous fluids on fibers or substrates are tremendously
affected by the finish the fiber producer applies to the
fiber. In most instances in fact the initial confact angles
measured on nonwovens are more dependent on fiber finish than
on the basic nature of fhe fiber polymer.’

The additives which are present on hydrophobic fibers
and usual;y.even on hydrophilic ones -- I'm talking about_
staples, remember. These finishes are put on so they can be
handled on textile equipment and they may likewise give

objectionable products on oxidation and produce undesirable

144

electrochemical effects. Due cognizance-should be taken of th
presence of these agents and their removal undertaken if
necessary. The same éomment appliés to fabric finishes

which may be applied after the fabric has been manufactured.

Typical separator structures which have been




rb-39

10
1
12
13
14
15
16
17
18

17

29

21
22
23
24

| Reporters, Inc.

25

282

designed and manufactured ih commercial quantities for the'
end uses shown are tabulatéd in the next slide.
(slide.)

Cotton, particularly in the mercury-zinc primary
cells where the binder is abéent—- It's actually a chemical
entangleﬁent; it's also used in the cuprous chloride systems.
Dynel by mechanical entanglement, binder systems in lead-acid.
Dynel by heat and pressure system, in zinc—air,.lead-aCid,r
and nidkel-cadmium.

Polypropylene-rayon mixtures held together by an

| apertured film made of linear polypropylene in zince—air

system. Polypropylene fiber put together with heat and
pressuré in nickel~-cadmium; and nylon held together by a
system which is proprietary I understand, and used—in nickel=
cadmium and silver-zinc. ‘

Mostjof the structures may be used as separaﬁors or
absorﬁers without further freatment. In thé éasé of fabiics
made ftmm polyprppylene fiber, absorption qualities or capa-

bilities can be improved by irradiation techniques.

‘Now, when penetration by very fine dendrites must

be prevented, or control or gaseous diffusion undertaken,

these structures may serve as scaffolding for depoéit or other

- membrane materials or be put in laminated structures where

the necessary control is acchieved through an additionalllayer

such as a semiporous membrane.

TR TR AL e 5

L T 1 W

| e s g — s o



F T LTt

CAPACITY PARAMETERS

¢ WETTING ANGLE OF ELECTROLYTE -
ON FIBER POLYMER.

e FIBER DIAMETERS.

e PORE SIZE AS MODIFIED BY PRESSURE.

. o FIBER FINISH ADDITIVE..

TABLE 4

RELATIONSHID OF POROSITY TO PERMEABILITY-WEBRIL Nonwoven Fabr. R2008 [
T ; |
BN 7
: i o ;
. : H i {
‘ b
- N
7 : :
S N DR I ! | DR
medbiltyarFlew || T R
7O g /i Gos WO B rav.
S  FIGURE ®
TYPICAL STRUCTURES
FIBER BINDING SYSTEM BATTERY ENDUSE
Cotton Chemical Entanglement | Mercury-Zinc
. Cuprous Chlonde
Dynel Mechanical Entangemert| Lead-Acid
Dynel Heal and Pressure | Zinc-Air
and-ACld .
Nickel-Cadrmiurm
Polupropylene-| Apertured Lineor . .
Rb‘c‘t)qog\q PPo\qpropq\enz Zine-Awr
Polypropylene | Heot ard Pressure Nickel- Cadmium
Nylon Solvent- Nickel -Codmium
Silver-Zwne
TABLE 5

V¢8¢
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Now-whaﬁ I have tried to talke éboué hefe today haé
been the opportunities available for the choice of fiber, L
fiber manipulation and fabric unification systems to achieve .
desired ends. But, there are two major difficulties encountere
in the design of nonwoven fabrics for battery separators.

One is that textile labs, manufactuers, are rarély
if every equipped to ruh electr6¢hemical testing of proposed
séparator materials, and therefore, these tests must be run
in the laboratories of the battery manufacturers. '

?he othér problem is -~ and this is the really big
one -- is the one of identifying what is réquired.' To
overconme these difficulties, the nonwoven producer and the
battery manufacturer must establish better communication at
tﬁe technical leﬁel so that the fabric design skills may be
directed in é~most efficient manner. | )

Moun;ing'a joint éffort to define requirements and
them employing ‘nonwoven manufacturing techniques to achieéé
them presents somé obstacles, but certa;nly they are surmoun-
table ones..

Thank you.

(Applause.)

If you have any questions, I will try to answer
them.

HENNIGAN: I think we'll take about a 10 minute =--

oh, we have one question here.

a
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CARR; Bill\Carr; Eagle Picher.

I just have oneIQuestion regarding the way you mighg
manufacture a nonwoven material. This contrasting'two of your
materials, for example, El1451 polypropylene by comparing it
to something like EM490. In appearance they are nothing at
all alike.

"DANGEL: Yes.

CARR: One is very slick and the other is very

permeable, I guess.

Can yéu maybe expléin a little bit the differences
as pef youf discussion?

- DANGEL: Yes. The first number, El1451 is 100‘
percentipolypropyléne. The othefmbne was ~half-nylon:- and
aﬁd half-polypropylene, the EM490. Thesg were both unified
by'the heat and pressure teéhnique. The effect of having
the nylon present §n the surface in 50 percent propoftion
prevented :a glazing over 6f this surface by the heat and
pressure with which this fabric was ﬁnified.

' CARR: Based on what we know, it seems that éhe
glazing over of the surface is ﬁndesirable. |

DANGEL: Yes. This ié something we are aware of
and are working .to ameliorate.

Thank you.
HENNIGAN: Are there any further questions for

Mr. Dangel?
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We will take a ten-minute»coffee break.

(Recess.)

HENNIGAN: Our next speaker this morning on
separators, to do mainly with the OAO battery, is Steve
Gaston from Grumman Aircraft.

STEPHEN GASTON: 1In this presentation the organid
and inorganic impurities of the Pellon material used for
the OA? cell and the dynel and the viskon materials used
during‘the formation of the OAO cell will be presented.

Other physical properties, such as thickness
variations, electrolyte absorption, resistance, tensile
strength, et cetera, wére also examined.

However, a more thorough evaluation of the
techniques applied and data obtained is required and
it will be reported at a future date.

bn Table 1 —— which I have shown here —-

(Siide.)

I have to maké a few corrections. On the maximum values there
only hould be thrée.significant figures; so the last number

should have been crossed out. The percent chloride content

“\\\\\\\
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"Essentially what we have shown here is the separatér
loss which we have used for four OAO0 batteries. For three
batteries we have used Pellon Lot No. 16015. The the last OAO
battery we used Lot No. 17160.

I believe there is andther correction. I believe

the designation ML has been removed by Pellon. Maybe Pellon

used pfeviously is being applied.

qu thé organic content determihe the procedure
specified in the interim cell specification was used.
Essentially it consists of the following steps.

- PFirst, each of the three samples was cut to 10 cm
sqhare and weighed on an analytical bance.

Second, the sample was inserted into a weighted
container with the specific quantity of reagent grade methanol
and magnetically stirred overnight.

The sample was removed and weighed after drying.
Snlvent was filtered, evaporated, and brought to constant weighi

A thin film of each residue was placed between
sodium chloride crystals and inserted into.a Perkin-Elmer
model 21 infrared spectophotometer fof spectral scanning from
2 to 15 microns.
= s I should note here in some instances, a larger

sample -~ double in size -- was required to get a readable

SOV NS S———
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spectrun.

The results show variations in the organic conténts
between the three samples from each lot. Shown in. this table
are the minimum and maximum values. Also differences between
the two lots can be noted.

The last column designated as maximum value shows
the highest &alue obtained between the samples of the'two lots |
A number of different values for the percent weight loss for
Lot Na; 16015 was obtained. And also it should be noted that
in addition to tﬁe use of different solvent materials, the
ethanol and methylene chloride results were reported by ESB
in their fifth quarterly report on élkaline separator studies
for NASA-Goddard Contract NAS 5-i6418, dated Jdne - September,
1968. |

The percent loss.by the methanol technigue was
reported by U.S. Testing Company, Hoboken, New Jersey. There
appears to be a closer'corielation between £he methanol and
the methylene chloride exractions thén the ethanol and the
methylene chloride extractions. The specification target of
two perceng was slightly exceeded in Lot 16015, but was met in
the later lot. It still seems reasonable that the maximum
target of two percent should be keptin the specification.

The inorganic content determination method was as
follows:

Each of these three samples was cut to 10 cm square
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and extracted using water. It was found that more than one
sample was reguired to get a workable amount of reéidue.
Specifically, two samples were regquired.

A quantitative analysis for nitréte, silicon,
carbonate, nickel, zinc, titanium and chléride were conducted
using the following methods:

For the nitrate, the Taylor method with‘phenoldij
sﬁlfonic acid. |

The silica, the Taylor method using célar reagenﬁ
one and two.

The carbonate-barium chloride method.

For the nickel, atomic absorption method.

For the zinc, the atomic absorption method.

For the titanium, the sulfuric acid peroxide
colorimetric method. |

And for the chloride, the Mohr method.

‘The emission spectrograph analysis were conducted
on extracts that were ashed énd then analyzed for inorxganic

constituents using.a Baird atomic emission spectrograph..

The total maximum inorganic content was (.25 percent

which is also the maximum target value specified both in the

interim cell specification and the Grumman OAO cell specificati

(slide.)

On Table 2, the separator analysis for the viscon

material used is shown. I don't have at the moment the viscon

Ol .




et 1%’;
E ;;;Jj;jp;?:i;umber. I have a receipt number. I don;t have at the
’ {€§§;g%é;t a specific viscon lot number. It's available and X
3l think I can get it at a later date.
4 Essentially a combination of viscon and dynel
ol is u;ed for the chemical cleaning or plate formation
6 process. That's one of the'reaéons why we analyzed -- had-
7| " the viscon'and the dynel analyied. The total organic and
";t*&fés§%hrgan1c content for the viscon material is comparable to the
} results for the Pellon material analysis. I would say it's
>,;’%b27 slightly lqwer for the zinc and for the chloride.
11 The third graph (Slide) shows the analysis for
]?‘ ﬁphe dynel material. And again, it can be noted this is less
EE;‘;:Qariation for the Pellon and viscon mate;ials -~ no, correctior
]4; I'1l take that back. In the dynel there is less variation in
15 the results tﬁan shown, than observed for the viscon and Pellor
16| materials., Therefore the maximum values are lower.
17 _ Table No. 4 (Slide) shows a -- this is redrawn from
18| a spectrogram -- for separator lot number 17160, which is the
19)l.. last one used, and it shows absorptions which may be
20| characterized as follows:
21 | The resence of the N-H absorpéion’is indicated
22| in the 3 to 3.05 micron range and the C-H in the 3.4 to 3.5
23\ range.
24W§. The =g frequency appears in‘the.s.s to 5.85 range
! Reparters, Inc. | |
oo 25| as expected.for the C=0  group.
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OAO PELLON SEPARATOR ANALYSIS 0AD CELL FORMATION SEPARATOR ANALYSIS - VISCON ‘
o APPLICABLE BATTERY S/ 25A, 26A, 30, 31, 32, 33 S/N 34, 35 iAX VALUE
o PELLON STYLE KO, 2505 1L p— o APPLICABLE BATTERY .~ S/N 25A, 26A, 30, 31, 32, 33 S/ 34, 35 JAX VALUE
- LOT w0, 16015 17180 S .
. ' o VISCON P/N
o ORGANIC CONTEWT 8787 8787
- X RESIDUAL 1,27 - 2,44 1,35 - 1,50 2,44k o ORGANIC CONTENT
- % WI. LOSS: - % RESIDUE 0,250 ~ 2,330 0.510 - 0,700 2.338
HETHRNOL 2,50 - 2.58 123-129 2,588 - % WEIGHT LOSS L340 - 1.9 570 - 0. '
ETHANOL (ESB) - 0.50 - 0.80 0,808 ‘ 0 - 1910 0.570 - 0.670 1810
METHYLENE CL (ESB) 1,20 - 2,00 . 2,008 o INORGANIC COWTENT
o [INORGANIC COWTENT ' - 2 ASH . 0,049 - 0,204 0.065 -~ 0,130 0,204
- % ASH 0,111 - 6,170 0.180 - 0.250  0.250 - % NITRATE 0,00010 - 0.00012 0.029 - 0,050 0.030
- % NiTRATE 0,0001Z - 0.00015 0.032 - 0.038 0,038 - % SILICA ND £0,018 0.018
- % SILICA _ N/D 0,044 - 0,045 0,045 - % CARBONATE 0.539 - 0,631 0.005 - 0,018 0,631
- % CARBONATE 0.650 - 1,120 <0,003 1.120 - ¥ NICKEL N/D £0.010 0.010
- % NICKEL N/D 0.010 - 0,011 0.01L . N At N/D 0,603 0603
- % ZINC N/D - 0,160 - 0,200 0.200 - X TITANIUM N/D <9,004 0,004
- % TITANIUM N/ . £0.008 0.003 - % CHLORIDE 0.048 - 0,110 9,060 0.110
- % CHLORIDE 0.062 - 0.130 0,200 - 0,280 0,028
o - SPECIFICATION TARGET - LESS THAN 2,04 BY WEIGHT TOTAL ORGANICS . ; N
- LESS THAN 0.25% BY WEIGHT TOTAL INORGANICS : GRUMHAN
A

0A0 CELL FORMATION SEPARATOR ANALYSIS - DYNEL

0 APPLICABLE BATTERY S/N 25A, 26A. 30, 31, 32, 33 S/N 34, 35 MAX VALUE
o DYNEL P/N 7354 » 7354
- R.R, NO. :

o ORGANIC CONTENT ‘
- % RESIDUE 0.27v - 1.520 0.570 - 0.760 1.520

. C=CHg oR C-CHa
-H
|
;
i

—— C

- % WEIGHT LOSS 1,000 - 1,400 0.650 - 0,780 1,400 3
o INORGANIC CORTENT .
- % ASH 0,021 - 0,122 0,023 - 0,084 0,122 :
- % NITRATE 0.00011 - 0.00093 0.019 - 0.026 0.026
- % SILICA ) 20,015 0.015 1o
~ % CARBOWATE 0.484 - 1,191 <0,008 1.191 ] // :
- T HICKEL WY <0,010 0.010 i VRN
. A H/D £0,003 0,003 N1
- % TITANTUN N/D <0.,004 0.004 e i o
- % CHLORIDE 0,042 - 0,101 0.110 - 0,130 0.130 ; | S
- — v o
3 A : -
GRUMAAR il N : « |
{

CWAVELITNGTH N MICRONS
' t
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The band near 6.5 microns is indicative of N-H
bending of the -CO-NH=-R.

The 6.9 micron range is indicative of the ~C-CH
of the C-CH .

2
The 7.3 to 7.4 micron range is indicative of the C-h

.And in general it appears that the Spectra is
similar to Sadtler's Standard Spectra for a complex Fattyamine.
That's all I have. |

(Applause.)

ﬁENNIGAN: Do we have any further questions on the
separators for the OAO batteries? |

FORD: Ford, NASA Goddard. Steve, I believe, and
correct me if I am wrong, that the point of ,25 percent on the
inorganic has been changed. 1It's no longer a target when you
put it at one percent maximum, is that correct?

'GASTON: Yes, at one time we did change it to one
percent. We have one additional separator which I haven't
mentioned. That is the separator for the auxiliary electrode
qgll.ruAnd that was somewhat higher.

However, looking at the results in the;iast separatc
lot, I think we can change the target specification back to
quarter percent inorganic content rather than keep that one
percent. Essentially what I say somewhere in the past we did

have a high result and therefore we did change the specificatic

r

N,
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We would like to change it back to quarter percenﬁ.
 HENNIGAN: The next spéaker will be myself on somé

of the information that we have gotten on polypropylene

separators and we do have some comparison with nylen.

Now most of these -- well, all of these materials

were selected in the program at Electric Storage Battery

"Company, Norberg Research Centér; and the selected materials

wére delivered to Eagle Picher, who built these materials into
six aﬁpere cells, the.regular steel, ceramic sealed cells.
These cells do héve‘Schlage locks on therh so we can put
guages or make gas analysis later on if wé want to.

Thefé is another thing we are trying to do here. I
don't know if wé have been too successful, We do have some
numbers. But again, what do these numbers mean? We make
these wicking tests and wetting tests and absorption tests and
sb férth ahd can we pick out a good separator from these
numbers? ‘And I'm not saying we can. I'm just going to show
you the data and you wi;l have to decide for yourself.

There's a lot more data on these things. I think
if we tfied to put it all up here we would inundate you Yith
it. I tried to pick out the data that nérmally people use
in looking at a separatof for a ceil.

I wonder if I could have the first slide. (Sligde.)

This separator here is a Kendall material and it's

polypropylene.

20
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Now. all of these slides will have the control
separator in the bottom or near the bottom slect. And on tﬁe
left here we have the separator designated as El451. AR
throughout this talk will mean as received; as to materials
delivered. W means washed out. And I will discuss that in a
few minutes. T means treated.

.Our graph heré shows the ampere hours to one vqlt at
a six amp discharge. Now this is the C réte for the cell.

Now this material here had somewhat of a higher resistance
than normally we see but wé wanted to build some cells out of i
to see how ﬁuch resistance did affect this. And the as
received material did have a resistance of 34 ohm eom. It
also had a very low air permeability. Wetting time was not
too bad. Wicking would look a@tractive to most people. And
the absorption was considered to be low here.

However, at the C rate, we only got 3.2 a&pere hours

out and the charge voltages were about 150 and pressure build

up in the cell was 30 pounds psi guage. We tried washing this

The resistance went up by a factor of three. Wgtting time --
it just wouldn't wet. And Wicking was approximately zero.
And we still got about the same number of ampere hours.

The treated material was washed out, as I mentioned
before; but it was treated with ;oncentrated sulfuric acid

to see if it could improve the wetting properties of the surfac

t

e.
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Of course, it was washed ocut after the acid treatment within
about 10 tiﬁes or more in deionized water.

We didn't do much to improve the wicking here.

We did decrease the resistance again, and wetting time was
improved. Air permeability in all three cases stayed about
the same. There was some improvement here in the ampere hours
in the C rate.

Our control material is the 2505 Pellon material,
hot calendered as received. This has what is considéred to be
somewhat of a low wicking. It has a very gaod KOH obsorption.
The resistance is low. fhe wetting time is not considered too
bad., And air permeability here was 61, which is quite high.

Now the cells, we got 6.1 ampere hours and I forgot

rather high in the Kendall materials. The Pellon material of
course was I'd say normal and the pressure was seven,

I might mention that éll these éharges are to C over
10 fbr about 16 hours.

Can we have the next slide please. (Siide.)

These separators here, the first one FT2140 is a -
Pellon polypropylene.. We again have the 2505K4 which is
the Pellon material. And a material that was giQen to us by
Hercules. I don't know really éf.a number of this material.
It's made by a feliow, Dr. Burroughs at the Research Triangle

in North Carolina. You have to trace that one down.
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But.the Pellon material here, ﬁicking Was just ~-:
wouldn't wick. And KOH absorption was, well, we'd call thati
fair. AC resistance lowf Wetting time seemed to be Quite
long. And air perm was I guess reasonable. -

This one gave us 6 ampere hours at the C rate. The
voltage was l1.45 and the pressure went up to about 12 at the
end of charge;

The Pellon material here, the K4, was washed out
in dilute hydrochloric acid and the properties, well it didn't
change too much, but I guess the air perm'went up a little bit.
This dropped.the ampere hours to 5.5 and tﬁe voltage was sligh{
lowered. Pressure about the same.

The control matgrial is given here aéain. This
will be shown on the next slide for coméarison.

Now the Hercules material at the C rate gave us
4.8 ampere hours. Fairly low voltage, the C over 10 and the
pressure went up to 26. Now the exact material that was used i
here we don't have the data‘yet from the ESB but from some of
the information I got from Eagle Picher it looké like the
KOH absorption is about 10. And this material wicks very fast.
And if you pgt it in KOH it just -- it's a.very fast wicking
material. I don't have any idea of the AC resistance,
Wetting time is very fast. I would say on the order of less
than a minute. Ana we don't have any information yet on the

air perm.

1y
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Next slide, now, please. (Slide.)

This separator WX1242 is made by the GAF Corpbra—
tion, General AnilineAFilm. This is a polypropylene, also.
There are the numbers for the wicking. Air permeability is
quite high on these materials. Wetting time is reasonable.

AC resistance is low. We got six ampere hours at the C rate or
the as feceived material. The under charge voltage was 1.45 ar

~

éressufe was about 18.

This material was also washed out in methanol and
then washed in water, déionized water, so-here we change one
of the propérties conéiderably -- the wettiﬁg time. And we up
the air perm a little bit. But it just correlates beautifully
here, the ampere hours is higherinOW'and the-p;essure stayed
about the game'in.the under chgrge Qoltade stéyed about the

same.

. Andréhe latter is the Pelion control as received

which is shown on the slide béfore.'

All thisvinformation so far is at the C rate.
There is a liftle stress on the cell. We normally don't use
them at: these rates. We do have some comparative data for C
over 2,

Can I have the next slide, please.

(Slidel)

That shouldn't be C-plus, it should be C and C




+
SEPARATOR E1451 SEPARATORS FT2140, 2505K4 + HERCULES

.

WEI'IGIOﬂGOHdEIH 10N

WICKING KOM ABSORPTION AC WETTING TIME AIR PERM
. WICKING KOH ABSORPTION AC WETTING TiME AIR PERM, em. in 5 hr. g./cc. dry vol. RESISTANCE minutes cc./sec.
c¢cm.on 5 hr g cc dry vol RESISTANCE minutes cc./sec. ohm-cm
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over 2 rates. -Again C equals six ampere hours.
The separator numbers are listed in the first
column. Capacity at C rate which was on the graphs before is

listed in the second column. In the third colum you get C over

- The first three materials I previously mentioned
are the Kendall materials as received, washed out and treated.

The reason I gave a range on the first two there
was there was quite akfange in capacities, I guess I forgot
to mention before this is always a sample of six cells we are
talking abéut.’ And the rest of them were a tenth or two
tenths: of an ampere hour. The 1242 material again is the
General Analine Film. The FT2140 is Pellon. The 5505K4 is
Pellon. And Hercules material as mentioned before.

Now it looks here a couple of these Pellon materials
look very comparable to the operation with the nylon separatcr
Of course, we are only talking about a couple of cycles here.
How this material is going to hold up in a cycling program is
the big question.

What we plan to do with these cells is cycle them

at Crane and about every three months we will pull one and

14

bring it back to Goddard here and compare the properties of thg

T\

material with the virgin samples. In the meantime we might

get some better tests for the wetting properties and absorption
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propertigé and:so forth.
A Thank you.

(Applause.) 

Are there any questions, please. Cohn?

COHN: Cohn, NASA.

I noticed that on your initial four or five slides,
something like that you had §uite a few different phyéical
pfoperﬁies which as far as I could see didn't really correlate
with énything that we are after. I wonder whether you could
make a decision ﬁow by’hindsight whether some of these
properties perhaps need not be determined because they don't
have any influence and whether'perhaps there are other
properties that you mgy_have fouﬁd out about meanwhile that
could be more useful that should be measured, which have been
measured, so far.’

HENNIGAN: Well, we hope to go back to, by hindsight,
to find out how thesé propérties are changing with time.

Now there were some oﬁher-properties -- quite a
few other properties we‘measures that I just couldn't see ary,
there wasn't much correlation here except as I say on resistance;
there was one that gave you an indication that 30 ohm ¢m is
too high.

But as far as -- these are the type of tests people
are normally using. I'm trying to show you they aren't véry

good to pick out the separator that we need. I am just
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emphasizing thevpoint here that has been mentionéd three or

four times already: We don't have any information to give

the fiber manufacturer to really tell us where we got a good .

separator for a battery. It's very surprising some of these

materials won't wick at ali yet they worﬁ well in cells and

normally you would throw some of these materials out long ago.
Wil Scott; of TRW? | | |

SCOTT: I gathered that wicking tests were done in

~air at atmospheric pressure, is that correct?

HENNIGAN: That's right,
SCOTT: Has any comparison been done with the

wicking rates in a vacuum?

> HENNIGAN: Well, they've done it in the presence

- of nitrogen. I didn't see any effects there. Not in vacuum.

I haven't done anything in vacuum,
SCOTT: - One other question.

.I notice you used calendered Pellon, 2505, as a
control. And the maximum loft material has been used mostly
in other cells. Why was the K, caiendered material used in
this case?‘

HENNIGAN: One of'the reasons is-we'are having an
awful lot of trouble getting any control on the thickness of

maximum loft. It's difficult to handle the cells. We did

use the K4 to also look at a new Pellon material here.

Eventually we expect to go back and get some more cells and
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include maximum loft in the next set.

BILLERBECK: Billerbeck, COMSAT, - |

Tom, I wanted to ask if there was any atcelerated -
testing of the separator in this program like boiling hot
KOH o£ any sort of accelerated test, relative test, of the
separatprs,

| HEﬁNIGAN: There was.sdme tests, tensile strength

tést on that high temperatore, and there was also some, I

don't know what you call accelerated -- see, we are also

~ interested in some of these materials for silver cells and

there was also some tests done with silver,oxidé.

I Qot some information on thaﬁ. It's a little bit --
some of the materials lost weight; some of them gairned weight.
Some of them picked uﬁ silver actually in this test. And it's
kind of normal for the nylons to pick up silver.

BILLERBECK: Yes. Well, we've been wondering if
there is any good accelerated test that one can use for
1ooking‘at separator degredation. I just wondered if you had
any comments on that stemming oﬁt of this program.

HENNIGAN: Well, on the silver oxide test, for

instance, the Kendall materials gaihed some weight. The GAF

materials, well, it depénded on whether you as-received it

or washed it. In the first case it lost and in the second

case it gained. And then:in the rest of the materials, it's

about a five to 10 percent loss. But I don't know if there is
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any correlation with cell testing in this information either.

Bob Corbett?

[(}

CORBETT: I wonder as far as the capacity data at th
C rate, I guess these cell capacities were all measured at the
same point, as they went through the same previous history and
all that? |

HENNIGAN: That's right.

CORBETT: And what was the'electrolyte quantity
comparibonrbetween cells? Was it the same amount or was it
-optimized for that separator?

HﬁﬁNIGAN: No, it;was optimized for each separator.
Now we did -~ one of the reasons we éut Swageloks on them,
we -- some of these cells that are low, one of the things I
think I'll do is try to start adding electrolyte to these cells)
maybe we didn't add enough.

" CORBETT: So these were starved cells, so-called?

HENNIGAN: Yes. | |

CORBETT: Okay.

HENNIGAN: Regular sealed Ni-cad cells. You would
call them space type. Mr. Dangel?

: MR. DANGEL: is there any coprelation between
thickness of the separator and the capacity of the cell?

HENNIGAN: The Kendall materials were about half the
thickness of all the rest. And I think the Kendalls were five

times ten to the minus three cm, and the rest were about ten or )

2.
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DANGEL: Is this an indicator of anything that we
should be doing that could be useful? If we improved the
thickness would that give you better capacity?

HENNIGAN: Well, that cell there had the lowest
amount of electrolyte in it because it haé the least amount
of separator. 1I'd say if we had a thicker separator and we
treated this with the sulfuric acid, we might be successful
tﬂere.. As you know, if the seal were too great, that sell did
come ub in capacity to a fairly decent number six and a half.
And it looked likeit needed something'done to it. 2nd the

sulfuric acid,treatmeﬁt seemed to help.

COHN: Cohn, NASA, again. Stimulated by Billerbeci.’

question, I'm just wondering whether perhaps Dr, Wieninger's

getting dadmium into or silver for that matter into or near

the separator and finding out how the separator stands up.

of using this as an accelerated test method of separators.
WEININGER: 'Weiniﬁger, GE.
I really have to think about that a little bit.
But fhe point of the method is that you are always under
potential static control. And dust thinking off the top of my
head I would say that it, the migfation would be reduced if

you do not allow the peak of the triangular sweep to go to

high voltage. However, if you do so on purpose, then you

L4y

-

[¢4]
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are going éo run into very heavy oxygen evolution'at the

positive electrodes, and surely you could in é very short ti@a

also oxidize your cadmium and get it into the sepapatér; ”
Is that the qﬁestion? )

COHN: Yes.

WEININGER: Offhand, I don't see any reason why

you conjdn't do that very rapidly, ves.

HENNIGAN: John Leuthard?

LEUTHARD: Lguthard, Martin Marietta.

Tom would I be right in assuming that if on some
particular cell the material parameters are established for
a particular cell and that cell subsequently operates satis-
factorily, that these parameters could be used to inspect
subsequent lots of material that is bought and would all these:
parameters be applicable?

HENNIGAN:: Like if we picked one like the Pellon
material?

LEUTHARD: - Right. If you took say 2140 and we
established these parameters to be whatever you had up there
or whatever the mééerial we bought at that time, and those
cells were built from that material operated satisfactorily,
then éould that same set of parameters be used for subsequent
lot buying of the particular type of separator?

HENNIGAN: Well, we only have one lot here. I

don't know how they can 'vary lot to lot. Now in Pellon
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1)l materials, the.nylon:-that we'normally use, I think we get quite
2| a bit of variation in that'lot»to lot. There's no -~ we tfy

3| to hold say that organic content down to less than. two

41| percent but as you see in the OAO battery some of it was

5| up a little higher than twq percent. If you are in pro@uction

6| do you hold because it's 2.4 oxr go get another lot? That is

7|l the question. And it's -- I don't know how good these parametgrs
gl are lot to lot, no. |

9 B LEUTHARD: Do you know whether some parameters are
10|| more significant than others with réspect to that kind of

1 inspection ériteria? |

2 HENNIGAN: The only one there that loﬁked like

13|l there was a high resistance corrélating with the low capacity
14 --‘ as far as a good feel for this thing, the Hercules

15| material loned like it would be a terrific'separator. It

16| absorbed quite a bit of electrolyte. I didn't have any numbers
17| on that. wWicked very well and so f'orth. At the C rate it

18l didn't bperate well, when we put it down to C over 2 it

19 worked fine. So maybe some of these, depending on what you
20| Wwant to use the cell for --

2] | LEUTHARD: Well, we're interested right now for

22 heat sterilizable separator material for the Viking cells,

23 nickel cad, and we are‘looking at polypropylene because

24| the nylons just won't stand the high temperatures.

I R ters, In:z. 2 : ] 3
o 0% _ Of course, associated with that are all the problems




jrb-62

20
21
22
23
24

2] Reportess, lac.

25

305

wicking and so.Qe are interested -~ anybddy that has any
information, we would certainly be grateful.

HENNIGAN: Dr. Will, of General Electric?

WILL: The difference in end ‘capacities seem to
amount tb as much as a factor of two. No@ that is really
quite a teriffic discrepancy in these test results. Now assume
of course that the conditions that you had in hand like the
thickness of the plates, the free volume in sealed cells was
ekactiy the same all of these cells, and the question is
uneséapable‘sincé there was no trend, no sygtématic trend to
be observed in any of thé pérameters studied, the question
is unescapable as to which property indeed then causes this
surpriéing discrepancyvof‘a factor of two.

Now, is there some standardization missing? 1Is

there need for looking at precisely the same thickness of the

separator? Do we know enough about the porosity, the differeng

porosities of these various separators?

It seems to me that the amount of electrolyte

contaired in the battery might be the major parameter

involved here that might account for the large discrepancies of

a factor of two.

HENNIGAN: Well, that's one of the reascns we put

‘the = sSwageloks ©On there so we can add more electrolyte.

Of course it's very difficult to take any out once you spin

them but you can measure that amount, but we would like to add

r
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more to those-ceils that were very low.

Earl Carr?

CARR: I'd like just to say one thing. ' With
respeég to the capacity of the cells at the two different rates,
definicely do have a trend and that the internal or the
AC resistance measurement of the separator is definitely
eqrreiated'with loss of performaﬁce.

I might also just add that even though the E1451
materiéls were the thinnest, they have the highest resistance.
Of course, we are talking to Mr. Dangel asout that. The
surface is a glazed surface and it seems to give some
difficulty as ﬁar as permeability. I think the two are
related.

Those cells were shimmed using stainless steel
shims on each ena of the cell case to maintain the same
approximate impression on the stack or in the cell core.

Based on the free volume calculations and thgfggjg§tments of

electrolyte we feel that they are quite equal, at, least as close

as we can come.
LACKNER: Lackner, DRE, Capada.
Thefe is a factor that's possibly missing here.
I think they are mentioning electrolytes. 1In your washing
in your sulfuric acid treatment, it seems to me that you héve
a higher resistance and you had a lower wicking rate.'

Now, is it possible that the wetting agent which
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has been mentioned has been washed out because all of these
m#terials are hydrophobic ényway, without the wetting agenf,
we are not getting asxmﬁch @lectrolyte in the separator as
we should. And so we are créating a higher resistance and
our lower capacities.

HENNIGAN: Well, the as-received had AC resistance,
you are talking about the Kendall. When it was washed out
tﬁe resistance went up by a factor of three. When it was treat
with éulfuric acid it went back to the original value of about
32. And then the --

LACKNER: But ==

HENﬁiGAN: The wickihg rates were phenomenal. This
is a bonded material. -

| LACKNER: Has any work been done on wetting agents?

HENNIGAN: Mainiy taking them out.

(Laughter.)

- DANGELL: Hércﬁles, which provided the fiber used
in the 1451 as a recommended wetting agent, I believe it's
QS3 by Rohm and Haas.They suggest that whatever surface active
agent they put on the fibers for textile handling eaée be .
removed and be replaced with this QS3. I don't know if any-
body -~ Burroughs, who yéu dealt with, I presume, is the
leading proponent.of this. I presume he would discuss this
with anybody who is interested.

HENNIGAN: Wéll, what is the amount of agent that

ed
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you could extract from Hercules material? VI think it was on
the order of one-tenth of a percent.

DANGELL: Yes, one-tengh of a percent.

HENNIGAN: Right.

DANGELL: They recommend the rémoval with Stoddard
solvenéw methyl alcohol. I.don't know why sulfqric'acid
was used. . Maybe they have a good reason. |

HENNIGAN: Well, the fellows at ESB thought these
oxidize the surface slightly, make it more wettable. Now it
didn't improve the wicking éropefties at all. In fact it
really didn't do it but just gave us better capacity.

FLEISCHER: I would ;ike to know to clear my own

mind, how did you calculate to know how much electrolyte té.

add to each of these cells and were they really very different

from one to the next?

HENNIGAN: I think.they varied from 3-1/2 to 4 CCs

per ampere hours, is that about right?

VOICE: Approximately.

HENNIGAN: That is using the Pellon material, the
K4 took'the most.

BilllHarsch?

HARSCH: Bill Harsch, Eagle Picher.

Tom, I'm just curious, when you are characteriéing
these separators'at ESB, were any of the separators tested to

the same type of test but under compression?

o
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HENNIGAN: You mean like absorption and so forth?

HARSCH: Yes.,

HENNIGAN : They did try the Pellon materiai only, -
the peilon materials only under compression and it was a
rather difficult test to run. I mean thé plates will pull
the electrolyte out just like a blotter and there wasn't too
much uniformity. They tried samples of about éhree or four.
There-ﬁasn't too much uniformity there.

| HARSCH: The teason I mention that is jusf in

handling the materials I myself haven't done any testing like
this but ithandling the materials, the different polypropylene
seem to have different combressive strengths. Some of them
are rather stuff and rigid andthe others are very downy.
And I'm wondering whether the actual numbers we are looking
at don't change drastically under compression as they would
be when they in a cell?

. HENNIGAN: Well, I don't know if we can look at
pulling these cells out to test, sending them to the aterials

-- we have the virgin materials that went into these cells.
And we would like to come up with a, try some more different
types of testsAthat might give us some correlation witﬁ

the data we have now and the cell test. Now maybe this

compression one would be a good one to go.

s

T
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.RAMPEL: I think that the loss in capacity may bevf
relatqp to the progress of the-diécharge and the drying out |
of'the;separator and, in other words, the particular separator
may_heée a tendency toAhold less electrolyte to support the
fcll discharge, and you could check that by taking cell
resistance meesurements, particularly as you cross over an -
exhausag---go on to three after“hours and then fall down.

You may flnd that your separator is completely dried out.

HENNIGAN‘ That's one thing we can do. We do it
normally 1n the acceptance test You medn do this during
the discharge, take out half the capacity and measure it?

Are there any'fcrther questions?

THIERFELDER: General Electric.

I was wondering.about these capacities. What is
the definicion of capacity, to a certain end voltage?

HENNIGAN: Yes, to one Qolt. The first data was to
one volt at C rate. And the last one was to one volt at the
C and C over 2 rate.

THIERFELDER: If the end volt can be picked at a
lower.number, maybe the capacity of the polypropylene cells‘wo
have actually come up. The given capaciéy to a higher end
volt.

. HENNIGAN: Well, they were cut off at one volt.

When we do the acceptance test at Crane we can run them down

to zero.

1ld
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THIERFELDER: I was wondering if the capacities
were compared down to zero you might get closer capacities,

HENNIGAN: We just got the cel;s going to acceptunce
and” test, so these are some things that we can do.

FALIK: As a person primarily interested in the

as far as the function of wetting out properties go, whethgr
tﬁe subgtance is under compression or not. You may get
tremendous innefactions where something would be pocr, not
compressed, and yet yet maintain this same degree of wicking
where a very compressible structure may have a lower wetting oy
time. 1It should‘be looked at, I.think, and I guess the
easiest way of doing it would be.ééléndering these materials
to the same thickness they had when they were under compressior
but of course then you get a contamination of the surface
glazing, and'thatAmay confound your analysis.

CARR: I have jﬁst a couple of tﬁings to say since
everybodly else seems to be.finished.. |

In these conférences sometimes it's a little hard

to recognize new information and I think really and truly

there is some new information, and I just want to point it

out that we took the wetting agents out of the cells or ESB
took the wetting agents out of the separators and we built
cells and if anything they ran slightly better, or in some

cases they ran better, which tends to make you'believe that

t
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you might not need the wetting agent in the cell.
Now I am not sayihg that we do or we don't but
it wag interesting. We were advised to let the cells stand
after activation for maybe a week before we would start
doing gny tests on the cells, but we were kind of an impatient
lot anyway and we started the first charge on the cells in.
approximately 48 hours after activation. Of course we were
watchiny vefy Carefﬁlly to make sure that the voltages stayed
down ;ﬁd that_thg cells acted normally, and they did.
There was no change in charging characteristics
as we could detect from the Eifst charge to the fifth or
sixth charge, iﬁdicating that there was any change of the
wetting\characteristics of the separator which caused the
change in performance.
| So I teally think this is new information, and I
just waﬁtedvto poiht it out.
_HENNIGAN: If there's no further questions here
we'would like to move on to the area of seals.

As you know, years ago of course we had our

to be not too great, if the seal is built right, it's not too
great a problem any more. But that's a pretty tough statement.
But we have three people on seals., We would like to finish up

the seals session this morning and delay the -- going to lunch

until about 12:45,

i
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And our first speaker is Bob Steinhauer from
Hughes Aircraft on a long life ceramic seal.

STEINHAUER: I would like to run through the salieﬁt
points that we should consider in metal ceraﬁic sealydesign
for nickel cadmium space cells.

Metal ceramic structures have been used for

various applications. Earliest, I guessin the vacuum electron

on Staﬁﬁord linear accelerator which is another vacuum applica-+
tion, in ion engines whefe you have plasm;.environments, space
nickel cadmium cells and more recently in gas lasers.

The seals must be designed for the application as
our cells may have to be. I would like to discuss the paramete
that must be considered in selecting a metal ceramic terminal
seal design for nickel cadmium cells for long life. By'long
life I would define that as in excess of four,rfive years.v

.I would like to show the interactions of these
parameters and their affecﬁ upoﬂ the end préduct, and also
méke the statement that I think metal ceramic terminal seals
have”been”used and that they are a good choice for this appli-
cation. And to recommend three different types of seals that
could be used for lo;year applications. |

Thé contenﬁ herg has been refined on our low earth
orbit program for the Air Force at Wright-Patterson aﬂd we will

be testing three different types of seals.

rs
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(Slide,) ;a

The primary areas that must be considered are the

expahsion alloys and what metalizing or active metalizing or
active alloys are.used_for bonding to the alumina-ceramic
and then the geometry.

In the ceramic body, we should go to higher aluminas
Wé Shodld go to small grain size to enhance both tensile and
flexurﬁl strengths, minimum silicate content, because it's
attacked by the kOH, and if you eliminate the silica you may
want to cénsider, you could consider lower aluminas -- by low I
mean certainly above 95 percent but with flex agents other
than silica.

I would like to put a comparison table up here.
These happen to be Coors bodies. The only reason I selebted‘
Cooré at this point is that their brochure contains more
data for comparison purposés than the_competitqrs én certain
cases, particularly with regard to crystal size.

(Slide.)(i>

The crystal size is extremely important if you look
as you go toward the higher’aluminas it tends to d%op off but
as you go to smaller grain size it goes up. Now if'we take
this'data and use a technique to get a straight line plot,
namely a log log plot, for flexural strength, two‘points ﬁave

been specifically ignored down here in this area because
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they were some.of the earlier developed bodies. These are
similar, whether its WESGO or‘American Lava body, the85
and 90 percent bodies were developed specifically for
metalizing purposes. They metalize well but they are not good
Eof.this application. The higher aluminas you &ill notice
ao have a definite rélationship”to average Ciystél size to .
fiéxural strength and this property is most‘impoftént to us
fb:;oqr application.

| I want to point out the 99 percent"body>of low
éégfage crystal size being fairly high value.,;wpap we.are
?ypically using are bodies that range from 96 pgrcént level
in:here‘through the 995 level which in the case}of”Coors I
gugés shows up as a lower strength body.

. / If you plot other manufacturers' data on top of this
you will f;nd similar relationships. |

(Slide.)

' The tensile strengthg.are similar. .

(s1ide.) ()

Now, tf&ing to compare (Slide.) different ceramics
that may have been used in nickel cadmium seals and what the
fle#ing agents are, I would like to point out that this body
4; this is an analysis provided by American‘Lavafat letter
réquest and this one also.

This high silica content is of some concern for

long term seals. I would prefer to see it down but maybe it's

not as harmful in the ceramic body as it may be in -

’
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low silicate contents, in the 50 to 100 PPM range. It is

. are compatible. We are using them with cell electric chemistry

316

metalizing m;x-as I will cdmment on 1a§er. They do have
a 29.5 bodg as do othe: people, These generally are large
gréin'size bodies. |

These two bodies that have been developed byv
General Electric in their Schenectady labs have been used on a
seal that I would like to talk abodt later. The one innt '
tﬂaﬁ I would make is the large Qrain size, and the implicationa
from the previous chart, | |

One fﬁrther point; speciﬁ%c nqtice to this Coors
AD99 body which showed up highest in flexufal and tensile
sfrength. It is the highest flexural strength which is

highly desirable for what we are 1ooking for., It has extremely

fluxed with magnesia Iutrea; This is a patented body by
Cooré. 'Therefore, they freely provideé thisg analyticai data.
fhose two fluxing agents and the low silica}content and the
low c:ystal size are of extreme 1nte£est to us

(slide.) Q)

In terms of braze alloys, the silver alloys should
be avoided because of possible mjgration problems even when

they are used in an alloy with another metal, Coppér alloys

Nickel alloys may not be desirable because of a binary alloying
with titanium, but I amlgoing tb take exceptioh to that state-

ment later.'
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- The -gold alloys are gold copper palla@iuh or

perhaps qold;copper nickel, ére acceptable. '
(slide.)

- I asked our electrochemist, Jack Gillette;'to
look into how copper, whether it would be acceptable or not,
and since it's between this point and this point, he states:
that he can see no problem with using copper. I understand
that qdpper was used as a‘substrate in the Edison cell I
bélieve for the iron elecﬁrode.

VOICE: No.

STEINHAUER: No? Sorry.

These are several braze alloys that have been uged
and could be considered, You willinotice the liquidous points
go higher and higher in temperature. .Tbe higher the tempera-
ture you go, in general the thing that you are bonding to the
‘ceramic with the active element can degrade this ceramic
at shorter times of course at high temperatures and this
has to be considered. | ! |

The seél‘that I'f%ferred to previously at General
Electric, the businéss cenée¥'and the people in Gainesville
have been working to devel&p}a seal for nickel cadmium cells.

This is a patented process that makes use of the TINI3

eutechnic., This alloy is dompatible with the alkalin

cadmium nickel cell environmént.

I;m concerned with the silver in these alloys. We

}
j 1 :
i 1

. :
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1| have to be careful Qith this type of an alloy because of its

21 brittleness, which I will comment on a little bit later. .

S (s1ide.) (9

4 . Using low expansion alloys to céntact tﬁe ceramic,
51 you try to match the linear thermal coefficient of expansion

6l to the alumina that you are using. These are three possible

7| alloys that could be used. Alloy 42, the F-15ASTM alloy,

8 whic@ is an iron nickel cobalt. And the alloy 52. You don't
9 neceséariiy have to use these alloys if you put these

10/l ceramics in compression, but it's still better to use some-

11|l thing that is near to the expansion coefficient aﬁd prefer:zi:ly
12| thin. By that I mean not to exceed 20 mills. Ten to 15

13| mills thickness is preferable.

14 Again there are numerous ceramic metal structures
15/ made with thicker elements.

16 (Slide.) (i)

17 These are the chemistries and as you can see whether
18|l You pick -~ the only thing of significance is the difference
19l that this F15 alloy is slightly low in expansion coefficient.
éO '~ The yield and tensile properties are roughly the same.

2 | (s1ide.) ()

29 If we look at the expansion coefficient, the

23 materials of interest are the alumina, the alloy 52, 42,

24 F1l5 alloy, and then for comparative purposes, nickel; coppe*

a1l Repotters, lnc. .
5 and stainless steel.




e AR k. T

3184

£901

806

108

[£:43

3o 'SNAIT0S

ANvamOD LAVIINIY EINDAR

1
H
¥
i
¥
..

-

ANVAROD BITUTAY SAHDN,

-
H
'

t

5

SAHONH |

i i i 5 aare s e

oeel IN 6L 1L 12 G 1L
ozt L 0Y0Wd
€9 ny 00t 4109
GAOTIY 3AVAIONY
ote 0002V 08 ¥3dd0D-0109 24¥ WOQYTIVd-0109 0 ‘434400 02 07100 % a109 o
o8 pd § (13 12 5 &9 $1isnoTVd WOINYLLLHLIM ONIAOTIV
P ,, AuYN 18 40 3SVI3E TIEVEIS30 10N SAOTY TOIN o
H .
081 noy sz bv 2l UsnI ABLSIWIH00¥L0T13 113D

HLIM TI911YdW00 JHY SAOTIV ¥3dd0D *

20 'SNA % )
o 'SNAINDIT 1H913M ‘ABLSIWIHD AOTW 3Zv¥e GWTIE0¥d NOLLYYIIW

71915504 40 35nv239 G3G10AV 38 QINOHS SAQTIV ¥3AUS ®

SAOTIY 3798 T3S TWNIWY3L WII-DIWVED SAOTY 3ZviE

wr ‘371 WISAYD IOVEIAY
. ) Wi ‘3715 TWISAYD J0VHIAY

oo 08 0905 Ov 0f & ot 8 98

TVLSIA

woo—

Y313
£
o
-4

oooown

000440000 | o
g
-
o
'
a
<

o
2}
©
v
L3
[
o
<

~

€
o4V %
WAS  wowiniv

158y "HIONLS TUSNL

saMonH

eampAtwesanINTY

"
3

|
H
»

$IIWYHID YNIWNTY HOIH SY00D

ANYAROD LIVEINIT SINBAN

_1,...:.-.. | 439 YNIWNTY HOIH SH00D
m nuxu::JM $IIWV 3D VNI

...... evmmm e 1

1sdy ‘HIONIYLS WHNX3



jebQ76

10
11
12
13
14
15
16
17
18
19
20
21
22

23

24|

&zl Reporters, Inc.

25

319

It is possible to make metal ceramic seals between
thick piecew of copper and alumina. But again it narrows
your process tolerance down to the point where you have to be
very carefull and control your process mdch more carefully
than if you allow yourself a little more latitude.

(Slide.)(})

There are different methods that can be used to

bond to the ceramic. I believe that the titanium and

~sirconium systems are preferable. The titanium passivates

immediately‘and you cannot, in its oxide form, on the surface,
you cannot cause it to corrode.

In general there's three parts to a metal ceramic
bond. 1It's a crated seal similar to a quartz glass seal.

You are starting out with the ceramic, your active metal

ties in to either the ogygen of the ceramic or in the case of
a metalizing process you make that class E phase by

placing elements in the mix. Then you have metal -- a glassy
to metal transition and finally to your braze alloy..

This should have a two after it but this glassy
phase in the polymanganese aé well as the molly itself, this
is soluble in KOH. The glassy‘phase in particular you can neve
cover that gxassy phase. It always sticks out from underneath
the ceramic where the COH can get to it and just go across the
seal. The molly is likewise soluble. As is tungsten. These

have been reported insoluble but the two people clean these
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surfaces with alkaline solutions and long term tests have
shown ghat they are indeed soluble. I do not recomménd moliy
or tuqqsten. | |

Qromium is a nice system. It does not degrade the
ceramig but it is readily soluable in KOH.

The active.alloys are -- have been used to braze
things;}ike titanium to titanium. They can be used on
ceramig. but they are a little bit difficult to handie; I
don't éecommend‘theigﬂuse at this point.

" (Slide.) (é)

-That may be a little hard to see but the types of
seals that we have been using are the stress relief type. |
Mainly they have a low expansion alloy that can take up dif-
ferences in expansion between the stainless cam ané the
cerami.c.

One of the failufe modes has been‘a misalignment.
I can show that. (Slide.) It doesn't matter whether you use
the geometry at the top here of this one. The ceramic can
misalign to the point where it hits the post at the stress
relief collar. This point here -- excuse me.

At the cuff and at the cup. Theproblem -- let me
think about that. No. It can hit the post at this point
and at this point causing the braze alloy at the cuff to go
to zero and there is not a corrosion type of leakage but a

tortuous path that eventually the KOH comes -through.
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We have observed in both types of aeéls, this,
and it's usually less than a half a percent of the sample that
we have., A simple alignment would get around that problem.
‘These seals of this geometry‘may well be able to

be made into the long life seals. The problem is that it

‘requires a ductile alloy. It's very sensitive if you attempt

ot put a brittle alloy in there and you have to watch out
for things that will react with titanium.

_Agaih, the higher aluminas, thin‘elements,
matching‘céefficients of expansion in this case the ductil
alloy. The seal shown here is the one developed by General
Electric. The system of using nickel titanium, these are .
high expansion but it is used in a controlled manner. The
materials are compatible. Perhaps this should be a weld
rather than a braze or a different braze alloy.

It does use the cergmic back up rings. This is
a butt seal geometry or what I;call electron gun structure
as contrasted to g strees relief geometry.

These back up rings at first seem superfluous.
They are indeed important.

This is another type of seal that has been used on
recent programs. I would 1iké to confime my remarks to the
stress relief and the butt seal type of geometry tcoday.

We are looking at another version (Slide) of butt

seal geometry on our program. It will have a stress relief
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member in it and the ceramic backup rings. These backup
rings pdd one and a half to two times the tensile strength
to the ceramic structure simply by‘édding rigidity. to this

member or this member.

(slide.) The only reason this is turned down is

to lower the Height which we find convenient in cells

that we fly at Hughes. This will be made with an active
metal mix type of process. We will be using éhe 999 alumina
from Caors in this structure. We will bg evaluating this
seal which may not be exactly the final design. (Slide.)

. .This,one and this one, with perhaps different
braze alloys in here. There is no -- this is not to degrade
this seal. I feel that these are of equal quality when the
process is controlled. |

.With regard to the ceramic used on the éE seal,

my only comment would be that if the small grain size material

' were used, it could greately enhance the tensile strength

of fhe structdre, particularly in light of the expansion
coefficient of the nickel used.
- May we have the lights, please.

In summary, I would like to say that the active
metal or systems using titanium are preferable for our
application. However they are one shot processes, which is
not objectionable‘here. Namely, the whole metal ceramic is

made in one pass through a vacuum furnace in contrast to a
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molymanganese process which can ba used assentlally and why
it's preferredAin the tube industyry. They can build up very
complex structures b& using braze alloys that are 10 to 15
degre~g C lower so that they can build up the whole sequence
of 10 gifferent brazes.

The molymanganese with its glassy phase is not

.desirable. There is something else to note. Namely that in

the styress relief type of seal you are making yoﬁr bonds

bto tﬁe'circumferential surfacés. This generally means you
have to paint the mix on by hand. 1It's a handbrush operation
And a machine revolves the céramic, whereas in the butt seal
struéture, because of the flat surfaces, you can, it can

lend itself to a silk screening process that can perhaps

‘be controlled to a better extent as far as thickness.

Further, the butt seals can make use of braze forms

of generally two mills thickness that will control the braze

alloy thickness and also the butt seal is not sensitive to thi

alignment problem that I referred to before on these two

seals.,

The other problem is that in a stress relief type

. seal you are generally requiring your braze alloy to float

down oxr to flow up whereas the braze alloy in a structure
(Slide) like this being a braze form of say 2 mills thick is
right there. All it has to 4o is melt or flow.

I tried to put into perspective the different

44
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things that we must consider and how they intéract. I am
sure I have only just touched §n the surface. |

Thank ' you. i | .  A .

(Applause.)

HENNIGAN: Do you have any questions for Bob
Steinhauer.

‘Dr., Will?

WILL: Will, G.E. I would like to comment on the
use of copper alloy brazes in batteries. While you are
completely correct in that when copper is used in a negative

plate this use is all right and this is because there is ‘,

negative plate.
However, one can consider the brazed material as a
piece 6f electrode, an open circuit, and you éan therefore
no longer apply the thermodynamic-data which you have presented
in one of your tables. Under those conditions, when you have
the presence of oxygen, which is something during overcharging
of the cell, and in thé simultaneous presence of KOH, copper
acts as an exceedingly efficient getter for oxygeh recombinatio*.
You form first cuprous oxide, which is highly insoluable.
Howevef then it is unavoidable that you form cupric hydroxide
which'dissolves exceedingly efficiently as cuprate irons.
STEINHAUER: The seals that are used do use the

copper but they do have protaction, I should add. The
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The suppliers either use materials that cover the copper surfac
--‘this is onewy of Qetting around that.

COHN: Cohn, NASA. |

Do you have any data on fatigﬁe life as a function
of pressure cycling both the number of cycles and the extent
of excursion in pressure.

-STEINHAUER: No, but I think for the pressures that
we are ta1king about, this would not be too much of a factor.
The active metal seals generally have tensile strengths in
range of six to eight thousand PSI and the molymanganese séals
are well up in the 15,000 range. - o |

COHN: It may surprise you to learn that for the
implant‘baﬁteries for the heart pacers, the mode of failure ié
not that the béttery gives but that the‘ Qirés break'so |
you may find that you will get some surpriées when you make
some actual tests about what happens when the seal is
pressure cycled.

STEINHAUER: Could £ comment to that. ©Cn qual
level vibrations, which is where I would bé particularly
concerned; we have never seen a failure at a seal, spacecraft-[

shaking or a battery shake test.

BOWER: Do you have a method of accelerated testing
on these seals? We are talking five to ten vyears.
STEINHAUER: No, our plan is really toifmerse them

in KOH solutions, apply potentials just below the gassing
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potengials and cycle them with positive and réverse polarities
metallurgically cross-sectionéd and, and also analyze the
solutibns.‘ We may run microameter corrosion checks on
the maﬁerials that are used. Unfortunately this is a small
portién of our program percentagewise and we can't go into
it in¥ﬁhe depth we would like to.

- HENNIGAN: John Leuthard?

LEUTHARD. Leuthard. Martin Marietta.

Am I right, X want to understand something. In
this ceramic, when we are talking about 99.9 percent minimum
alumina, is the otﬁer one~tenth of a percent éhe controlled
number of elements and have a reason for being in this
total mixture, or what is the 99,9, what does it mean?

. STEINHAUER: It-means you are guaranteed that
minimum. You generally have.to have other fluxing elements
in the body when it is fired é; high temperature to cause V
those particals to adhere. You are bringing up a very
important point. We must know what the other tenth of a
percent is. And that is why I was dwelling on that one table
which f£luxing agents are préferable.

LEUTHARD: That's what made me think of it.

When I saw different elements in different columns, there must
be a rezason for those eleméents--

STEiNHAUER: Yes. In general, my recommnendation is

to minimize silica but you could put in things that are not

g e s o
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bothered by the KOH. In other words, you may well be able
to use a lower than a 999 body if the other minor percentage :
elements are compatible Qith our syséem. | |

LEﬁTHARD: Then is the slection of the purity and
the additional elements that are:within this total compound
a function of the manufacturer for that particular ceramic?

-STEINHAUER: Yes. The ceramic must be carefully

. pelected., The third think of course is the crystal sizes.

That is the flexural strength.

HENNIGAN: Steve Gaston.

GASTON: I didn't notice in your sketches any
parting materials in the void areas which are quite often used
In your program do you plan to use any parting materials to
fillethese void areas?

STEINHAUER: I believe that the materials useage
should have integrity in itself and therefore we would
prefer to leave those parting or auxiliary aids to preclude
attack of seal out and to evaluate the materials that we have
in the seal. If we'put in the parting materials it may cloud
the resulté.

GASTON: I have one more comment, on the 99.9
percent Coors material, thére is a substantial cost increase
going into that material, I heard?

| STEIﬁﬁAUER: Yes. In R&D quantities which I just

¢

checked into that cost increase can be something like 16 times

| .
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i Howevey, in quantities that we would buy for a spacecraft
;_p:ogrqm! that may only be a factor of, I don't know, two to
3; ' - . v» . . .
| four.f’grojecting that into the cost increase on the metal

- ceramic structure that may only meanczan increase of somewhere -

see thé ceramic is not the total cost. The structure may

| increqﬁe by $5 to $10, apiece.

-HENN’I‘G'AN: Wil Scot;_t.?‘

SCOTT: Scott from" TRW.

Sometime ago in diécussiﬁg this problem with I
believe it was American Lava, they made the point that they
felt that it'was not, I won;t’say possible, but not practical
to make a braze to alumina bond without having a reasonable
level ofvsilica content in the ceramic material because they

could not get adequate strength'to the bond. And they were

talking about levels of silica well in excess of a few tenths

of a percent. Would you comment on that?

'STEINHAUER: Yes. Different metalizing processes that

are used around the country, if you want to go after
proprietary things, those are the most proprietary that I have
seen in the tube field. You either have to have a dassy

phaée that I mentioned in tﬁe ceramic or in the meﬁalizing
that you apply to it. Now.the nice part about the ¢lassy phass
and the active ﬁetal mix or the GE process is that it uses

the oxide of the éeramic,itself.f Namely the alumina. -Aiso,

American Lava is in the ceramic metalizing structures field
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too and what veu £ind is possible at one supplier is not
necessari ily trve at another. It just depends on the process.
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STEINHAUER: No, it is not, tﬁat's correct.,

SCOTT: One last questiop. You I think rightly
sO genprally mentioned the problem of silver. But have you
actually observed cases of silver mlgratlon causing a

probleny in any of the recent vintage of terminals produced

‘'in the last few years in nickel cadmium cells?

- STEINHAUER: Personal 6bservations, no. And
perha§§ the organics, the filling materials are precluding

that»pioblem.
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. The eutectic alloys would definitely inhibit this but it won't
stop it. |

HENNIGAN: A comment ffom ﬁhe fellow from Ceramaseal?

- BREDBENNER $ (Ceramaseal,.Inc.)I just want to make
two comments on the nickel titanium butt seal‘approach that
Bob was discussing.

At the temperatures that this seal must be made,
titanium beéomes a tremendous.getter ana‘it wiil absorb
everything in sight, inciudinq primaiily oxygen, onenof the
materials, which'requires real close processing and tremendous
vacuum, probably in therrange of 10 to the minus 8 tor or !
better, vhich is a real problem in achieving in most cases.

It requires réal special equipment.
| Sepondlg, this materiﬁl that it does getter, when
the bnaze=m¢lts‘the'nickelétitanium eutectic is formed and any
of these-materials that havé géen gettered produce a slag which
f;oatS'to the'junction of theﬁseal;Aand on solidifying you have
a pretty junky seal.
-:‘HENNIGAN:. We would iike to move on to the next
speakef. If there=aré further questions -- well, one more from'
Mr. Turner. o

TURNER: (Ceramaséal, Inc.) Bob, when you talk
about- the high-silica bodies and failure because of the silica
in- the body; " so" you-expect that ifﬂyou tise the ﬁigh silica body

such as the lava body with 3 percent of silica or more, would
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you expeﬁt'the“failure‘through“the body "or through the seal
adjacent ‘to the area where the seal is connected to the body?

- STEINHAUER:' ‘Probably adjacent to the area but,

- again,’ " am pointing-out-desirable things. I have never seen

‘a failuge:of”this~typé. “The "high silicauin the body may be

perfect]y acceptable for ten years, but we are talking about
the difference between the terminal segls that we ﬁave used
and tested, for instance on the NED? crane programs two, .
four, five and six years versus missions we have to look into
now in the séven to ten year category.

in other words, we just don't know whether these
seals will go thét long and we ought to be thinking about
upgrading thém. .

HENNIGAN: We would to move on to the next speaker
here, Mr.AEd McHenry of Bell Telephone, who is going to talk
on the Modifications to the Ziegler Sgal.

_MC HENRY: (Bell Telephone Lab) 'This will just be
a review of the talk I gave at Atlantic City. |

The first,thing I would liké to talk about is the
thermal cycle tes£ that we use to evaluate our seals. It is
sort of a qualitative test and we felt that with a plastic
cdmpression seal, we don't havé too much in the way of
chenmical problems‘except perhaps nylon will eventually at

higher temperatures dissolve. But generally I think the

plastic seals fail due to fatigue. The oxygen pressure changes




srs 3

10
mn
12
13
14
15
16
17
18
19
20
21
22
23
24

ral Reporters, inc.

25

"cycles. The test method was simply to wet some wide-range

333

inside the cell and the change in tempefature will cause a
thermal compression and qontraction_of ;he gasket material,
so we chose this thermal cycle test to essentially give us
a fatigue test which probably is the major cause of failure.

(slide.) @Q |

Here I show the thermal cycle test that we used.
wé hse& temperéture extremes of minus 40 and plus 160 F.
because these are the extremes that we expect not to~exceed
in Bell System use.

It was a two-hour cycle; it is about 40 minutes at

the low temperature; it took 20 minutes to go up to the higherl-

temperature and then 40 more minutes atithevhigh temperature
and 20 mihutés dowh to the lower temperature.

This cycle was continued 24 hours a day, seven
days a week; so we get 12 cycles a day. We would test thém at

the end of each day for the first week so would have every 12

pH paper and place it on the seal and leave it there for about

five minutes and any KOH that had leaked out would be indicated

by a change in pH, and a pH of about nine was conside;ed to '
show that we had leaked enough KOH to call the cell a leaker.
(slide.) (p
Here we show seal performance at constant overcharge
versus thermal cyéle. The A, B, C and D were b cells of

various manufacturers; they were tested at constant overcharge
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at various temperatures, different cells in the same group.

Some were run at 32, somé at 20 F. and some at room temperaturd

This is just a conglomeraté of all of then.

There was one particular manufacturer where none
of their seals failed and some were better than oﬁhers.

We ran cells of the same group, not the same cells
that we héd run at the top there, but cells taken from thex
same iot were run on thermal cycleAand we find that the A is
much better on thermal cycle than B, C, and D in the same
order.

| This is a qualitative test, you don't exactly
predict the number of days anythihg is going to last but you
can say‘that'A is better than B and that B is better than C.
And we see that it took 20 days to do the same thing we
learned in 240 days.

| So it seems to be‘a pretty good qualitative test
to tell whether you have a good seal or bad seal. Generally
speaking, in our observations of all the seals we have used,
this does follow -- the A.:is always good no matter what werdo
with it and they do stay in that same qualitative order.
| (slide.) (1) |

Here we show the Ziegler Seal:’developed for
submarine cable a long time ago. It consists of a nickel’
barrel that is brazed into the 1lid of the cell; We have a

kel - ¢ bushing which screws intovthe-nickel'barrel and the

f o




ixa 5

20
21
22
23
24

1 Reporters, Inc.

25

‘lead wire is inserted inside the bushing. This thing is

335

compreésed; it is reduced in diameter by about 6 percent from
250;thdusandths down to 234, This compresses the bushing and
the threads prevent the bushing from extruding out the ends

and maintains a very high hydfostatic pressure in the middle.

These thinés will téke something like 30,000 pounds
per square inch hydrostatic pressure for submarine cable work,
s0 thgy withstand more pressure than the cam will.

We had used them on some experimental Telstar
batteries. ~We had about 50 of these and 50 glass seals and
400 ceramic-to-metal seals, but these we madé eight years ago |
and were of the molymanganese type =-- the ceramic seal was,
the binder fhere. I don't know much about it but that ié what
it said it was.

Perhaps the newer ceramic-to-metal seals have
avoided soﬁe of the problems that these old onés had. But we
found that all the glass seals iéakéd within about four years:
This was a£ constant overcharge, about C over 100, I believe»
it was, and room éemperature. All the cells had run through
a preliminary vibration test, simulating rockets and a Eédﬁlé
of characterization cycles, but, generally, essentially all we
had was about four years of constant overcharge at C over 100
and then another four years of just open.circuit stand.

At the end of the four years we found that all of

the glass-to-metal seals were leaking,.half the ceranic-to-

= o e e A B
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metal seals were leaking. At the end of eight years ve have"

everything but the Ziegler seal leaking and none of these had

. leaked at all, or at least to where you could detect with the

pH paper. A calculation of the gas permeabilities and all
says you lose about lcp atmosphere per 1,000 yearé of oxygen
diffusing through this, provided it doesn't have a leak path;
-bht if it’just has to diffuse ‘through the plastic there rgally
igqft~much of a problem there.

The problem with this seal is that you dO'have‘tq
machine the threads very carefully; they must match'exactly_

and you have to use this rounded wWhitworth thread so that

" when you compress YOu don't have sharp roots in the boitom of

,tbe thrgads because they will leave a helical le&kage path:;
aﬁthhe seal would fai;; o
So it does have to be carefully machined with the
special. thread, but'if'done correctly it works very well.
| (slide.) 4 | | |
Here we have gone to injegtion molding to form
odgibuahing. The yello&"portion is the injection molded
material; the red is the nickel barrel which is brazed into
the.red lid; and the green is the lead wire. This can be done
Avéry Qimply and easily and it avoids the use of a carefully~
machined thread. You can cut the thread with anything. We
ﬁsed.an old, dull} 3/32.tap&to just cut soﬁe sort of thread in

"phere‘and then yowrinjection mold..

PR
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I did use nylon 6/6 for this, I used a number of
nylons. The nylon 6/6 was best in the sense that it takes
more heat when you weld the cover on; you tend to heat the
thing up, but ideally you weld the cover én before you crimp'

~it then you don't have to worry about any kind of problems

there.

(slide.) KfJ |

This shows the diff erence in threads. The top thread
was machined by one of the local machine shops. It is very
uniform and Soth of tpése seals have been cycled and éhe bottom

thread shows injection-molded seal, and you cannot really do

much worse a job of threading it; but this is perfectly adequaté

You have no trouble with this kind of thread. We

had no leakage of any kind.

(SIide.)vﬁ?

Here I show the BTL which consists of all the
Ziegler seals; these are injection-molded or the kel-F machine.
The 6ther lines are,the~A, B, C and D of the previous bar grapﬂ
but4they were of a later manufacture date. It is a D cell of
the same ménufacturer but appafently, well, at least the one
seal went 1600 or 2,000 scycles withou; failure. A couple
of tpem did, but in general these are:just.regular D cells and

they fail very'early in this kind of test.

You can see the Ziegler seal is much, much better.

In'fact; at 2,000 .cycles at shows no failure whétever, so I
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feel that you-just aren't going to get that much fatigue in
normal liﬂetime. If they do fail it will probably be from

long-term chemical attack on the nylon.

We didhft do any kel~F seals because we couldn't

injection mold them, Apparently you can injection mold the

kel-F but we can't, not on the machine we have in the lab.
This renresents nylon injéction molding and the Ziegler seals.
Then we tried to use the same principles as used

in the Ziegler seals but we tried to make.it a little bit

(Slide;)Cg/

On this slide we developed a new type of seal.

cheaper.

Here we just have a metal tubing. You can make it as long as
the cell. You put a plastié tubing inside that and the lead
wire and c:imﬁ it every eighth of an inch. It doesn't have to
be an eighth of aﬁ.ihch but I did it every eighth of an inch.
Then this thing is welded on top of the cell. I
didn't show a safety vent or anything of that kind. You would
have to put something of that kind in the £ill tube, ‘;
This is a very simple seai to put together; it can
be made in any leﬁgth. It has the advantage that if:uyou
change the design of the cell a little bit you don't have to
change the design of the seal; you just braze it into a little

bit bigger top or smaller top. Or you can cut it a little bit

shorter, but there is no great change in design required.
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- 20 cents. You just need a tube and you braze a hole bunch of

33%
The crimping is exactly thé same,

Now I have made cells of various kinds using this

i

seal. I have some that are 3/8" long with only two crimps,
I would have a graph of the data except that it is exactly
the same as the Ziegler seal data. They don't leak:if you
use a .nylon tﬁbing thére. I used nylon 6/6.
They just cycle 6n an on for a thousand cycles

t& two thousand cycles. I just don't have any failures.
There'is oné way you can make them fail, you can overhegt
them. If you rﬁn them up over 200 F. the plastic will bégin
to relax and it won't hold its compression; but the thing is, |
you have to avoid heating them that high.

| You can also injection mold this kind of seal,
So when you injection mold you essentially avoid all the
assembly problems; you cannst scratch the plastic tubing or
anything of that kind. It is very easy to put together. You
don't need much in the way‘of high caliber people. It is very
quick.:. It should be quite cheap.

I suspect you could make them for probably 15 or

them in one shot. You just put i£ in a crimper and crimp.
So it is not an expensive sort of thing.

(Slide.)(%?

Heré we show some of the little cells that I héve

made. This D cell here has this type of seal in it; it extend

b
o
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down inside the cell. That was injection molded and it is a
little bit rounde:-than the others, but you can make ihem of;
various sizes. | )
~ The bigger cell is this 20 ampere-hour cell with

two Ziegler seals injection molded on the top of it.-

Then we have two 3/8" long seals, they are 1/8".
in diameter-and 3/8" long. On the end there is a little small
cell we have which is a 100 milliampere-hour cell with two
50 mill diameter‘seals,.the outside diameter of the seal, and
they are,3/i6" long, I believe, and they have a 15 mill wire
running through them.

That is‘a polypropalene tubing. All the rest were

nylon but that particular one we used polypropalene because

- what we did was coat the wire. If you get very, very small,

the tolerances that you require, fhe l;mii tolerance that you
use to put your tubes together is a good portion of the total

diameter so that you don't want any slop if you can avoid it.

If you coat the wire you don't have any tolerance between ﬁhe

wire and thé plastic tubing on the inside.

These have all gone over 1,000 cycles, thermal
cycles, except for the polypropalene which has gone 200 and
some cycles and I don't know whether it is going to fail or
what it is going to do. |

That is essentially all I have..

(Applause.)
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one that I should havé done that to. Deal will say why

- potential leakage path where it is in the seal?
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HENNIGAN: Do you have any questions for Mr.
McHenry? We have time for a féw.

Bill ﬁarsch?

HARSCH: (Eagle Pit¢herCo.) I am just curious
about the seals that you had oh‘test, I think you said, eight
years??’ 4
'MC HENRY: Yes, these were the Ziegler seal, the

machinad kel~F bushing and they were carefully assembled.

HARSCH: - Have any of these seals been taken off
MC HENRY: No, we haven't taken any off. I have »[

haven't I, but I haven't actually done it yet.

HARSCH: I am just wondering if there is a

MC HENRY: I didn't do any of the work on this,
of course; that was done years ago. There were some higher

temperature tests done originally where they put them in KOH

14
-

and stewed them in oxygen and things and raised the temperatur:
when they got up over 200 -1 think it was 250 or so F., -- |
youkdid get leakage paths up along the thread; but as you get
too hot the kel-F simply cannot support that pressure anymore
and it begins to ext?ude.

But is is just not a high-temperature seal;

generally speaking, say if you use a nyloh separator you
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cannot heat it anyway.
HENNIGAN: Mr, Brédbenner from Ceramaseal?
BREDBENNER: My question is, what diamgtef can you
go to in this? I would imagine this type of seal is limited
in maintaining hydrostatic stress on that kel-F as the

diameter increases?

~ MC HENRY: I am not sure; we haven't gone up. I

think there was a government contract where somebody did.

They scaled up -= I think it was Texas Instrument -- scaled

up some of the Ziegler seals and they were perfectly fxne

except you couldn‘t sterilize them. But otherwise they

8tood up very well. I think with about 1/8" diameter wire

or something of that kind.
VOICE: 1/4" diameter.
Mc HENRY: 1/4" diameter? So I think you can

scale them up, but I would imagxne though what you would do

ig -~ the thickness of the wall of the plastic would probably

remain about the same. In other words, right now you have
a 50 mill wire and about a 50 mill wall of plastic. I
think even if you had 1/4" cam in the wire you wouldn't
waht to make that plastic much thickér.

I don't really know. I don't see any reason why
it wouldn't and it doesn't seem to in what scaling has been
done. But I couldn't answer that.

The one think you would have to avoid is, if you

B 25
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you have to have a hefty enough wire that it won't heat to
the point where you melt your seal, but in a spacecraft if you
short out the battery I presume there is nothing you can do
about it anyway. |

HENNIGAN: fhere is time for one more qﬁestionfy

We would like to move on because Dr. Park might

have scmething planned this afternoon and we will try to get hin

in before lunch..

Bob Steinhauef? Will you be here.this afternoon?

STEINHAUER: (Hﬁghes) Not on the seals, but out of
curiosity, on éﬁe B cell, how did-you make that negative tab
weld; it doesn't seem like you have too much room there?

MC HENRY: How did we make the negative tab weld?
Let me see.

ﬁhat we did was just take the guts out of a regular
D cell and put them inside of the cell, and there is a little
tab'hangigéjout and you weld it to the 1lid. It was on the

seal when we put it together.

STEINHAUER: This was a spiral?

MC HENRY: Yes.

STEINHAUER: It seemed like you had to get in betwec
ﬁhe top of the spiral and the bottom of.thé cover.

MC HENRY: Well, what you do =-- that is nét a very

good schematic -~ you bend the tab this way so it folds up like

n
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111 an accordion when you put it together. I gquess they pretty
2 well do that now when they put the lids on cans,'anyﬁay,
3| when they weld them up?
4 HENNIGAN: I Qould like to have Dr. Park of
5 Goddard Materials Group give some of the results of an analysis
6 of actual cells that we have used for spaéegroup programs. .
7 Dr. Park.
p.¢.4.4 8 ' PARK: (Goddard) I would like to mention that
9 perhapé you real;y don'g care to hear about what I am going
10 to talk about. We would have to call these failures.
N There really aréh't too many, which you may prefer,}
12 but they are acfual fqilures and this is sorﬁ of an examplé of
13 what we do because we are in the Materials Engineering Brancht
14 We are available'for'cpnsultation and also for -~
15 failure analysis.
' 16 6ne of the egamples that we received was a nickel-
17 cadmium six ampere-hour cell, numbered 149 aﬁd 151. Taking
18 it open, wé got what is shown in the first slide.
19 (Slide.)
20 This was most interesting because of this area . |
21 right over in here where yoh see we have apparently loose |
29 material coming off. We had been told this was a nickelplate.
23 Tﬁis particular seal came out of the battery cell No.'151;
04 it was actually the posigive elegtrgde, andA151'had received
mewmu;g -- let's see, ;t was tested at 25 degrees C. to z 2U percent
I
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depth of discharge.

Looking at Cell No. 149, we didn't see this at all
and yet Cell No. 149 was tested at 40 degrees C. to a 25
percent depth of discharge. |

I might add we héven't opened many of these cells
but this, I presume, would be a potentially bad situation to
have in any of your cells.

| One other éxample is shown in the next slide.

(Slide.) R

fﬁis is from General Electric's 100 ampere-hour
cell. This looks extremely bad but it's the advantage of an
electronic scanning microscope that you can see such depth of
focus and this actually might be at about 250 magnificationy
and yet a spot was visible without any magnification along
the braxgd area. |

Well, seeing a spot like this, you would like to
see how deep it is, but we also can look at it another way,
as shown in the next siide.

(slide.)

This is X-ray penétration. As you may be aware, g
there are a number of Concentric circles of éeramic, of metal,
of holes, actually, and thus the X-rays pass through where
they can and in an area like this they pass through very

easily; we we concluded that this was the area of the hole.

The best way to look at that is to section it and to
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“try’ to grind down 'so’ that we could see how deep that hole goés.

‘As indicated in the previous slide, it didn't look

the next slide,

(slide.)
you can see how long it did extend. This actually, up heré;
is not quite at the edge of the material and asithis?@éesaﬁas
up farther and as we come down here you can see how long it is;
and the question is, does it continue ény.farther. For thé‘
benefit of the G.E. people, I would hav§ to say it probably
doesn't, and I think it ends abéut here in this area. While
this is a surface we cannot necessarily tell whether %t goes to
the left or to the right, but it does appear as though a
short distance on we reach the end of this hole.

. However, it igAa good proportion of the total length
ofbéhélbgézed area which is obviously not as they desired.

: ;n the next éase, this was from a Gulton battery,
serialvNo. 227; it was»qglled an intermittent leaker. We had
a leak rate of 6.03 times 10 to the_minqs 8 standard cc's per
second, which doesn't sound bad at all.

We could detect a leak when we had a differential
pressure of about 20 pounds of helium and thus we could look
for bubbles.

| " (Slide.)

. In this slide you may have't;ouble-finding where the

e e st e A S b R 4
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hole is, but right in there. This is a felatively snall area
but here again it was visible without magnification. Thi§
magnification is on the order of 1sx.‘ Now here again we did
decide to section it and look deeper into this, and, iﬁ the
next‘slide

(slide.)
it doesn't look bad, particularly up here. This is where the
hole haq been and this is the brazed area, I might add, here.

‘There is qbyiqusly a hole down here, maybe a gas
pocket and another one down here; but there is apparently'ho
continuous path from fhis point down into the cell. However,
in the next slide ~-

(Slide.)
-- you can see that there is indeed a continuous leak path.
This is rather tortuous. For example, you have real good
gates all thé way through to the outside and very possibly right
in here is where the actual leak did occur.

fhese really are the only bad examples I had of
possible failures and I would like to point out that, as I did
in describing then, thése areas were visible to the naked eye;
they would be even more visible at say 20X or 40X, which isn't
very high. You don'ﬁ need to go.to a scanning eléctron

microscope to find then.

I might also add that the X-ray did indicate that

there was a very suspicious area and it is obviously easier to
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;?ﬁiif
me "1f£-7%u=7ind - these suspicicus areas before you have even put

2=
=
=

them int

o a cell, you will belway ahead without having to go:
.tﬁrough a life-cycle testing to find out that, yes, you did
have-a;leak.

Thank you.

(Applause.)

s _.TENNIGAN: We have a question from Fred Betz.

- T ~=BETZ: (Gulton) It is really on the order of a

comment. Both of those seals and the serial humbers of the
cells represent what I believe to:be a design that has been

discontinued for about three years. We did recognize the .

¥ 3n the seal design; it has been corrected to

gy EREL .

the design thét Bob Steinhauer showed. There is one other.
thing I wanted to mention but I forgot what it was.

These are quite early cells as far as the design.

that once you can recognize this type of failure, why there is
a way of getting around it. And it is encouraging that these
" have been changed or improved. R
BETZ: I think therther factor was we do use

visual microscopic examination of our brazed joints on all of

our seals now.

- 5 PARK: Yes, I feel that that is a very good quality

[’assuraﬁce procedure to follow.

PARK: Yes, that is very possible. It 1is encouragin

| |
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hole was very large, yet ié did continue on into the cell
itself,
HENNIGAN: Are there any further questions?
Bob sﬁeinhauer?
STEINHAUER: (ﬁughes) Perhaps Fred Betz answered
the question, but on your first slide, was that one of the .
séals that Fred was referring to? You did not comment upon the
grayraféa moving up from the bottom along that ceramic as. |
being a possible kailure. |
PARK: No, I thought that was more the lighting of
thé picture itself; it was more of an artifact. |
: BETZ: That was pure silver, I believe, with a
bright silver play, both of which have beeh discontinuedﬁ 7
L HENNIGAN: There’is time for one more question. .
Sid Gross? -
GROSS: (Boeing) We have tried to determine if we
can inspect ceramic seals with X-rays to detect flaws as a’
screening meghqd,_.It is very difficult to take X-rays because
of_the_geomééry. However, if you really bend ovei baqkward
and téke §;number of X-rays at odd’angles, you can do_it,w
| fhe thing that we found is that you have not much
difficulty in finding defects in most of the seals that we
examined this way. |
FORD: One gqiﬂt for ciarification. The photograph

of .the 100 ampe¥e-hour seal that you are examining was never
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put on a cell, It was provided before it waa‘used.

HENNIGAN: We will break for lunch.

One more quesﬁion. We hé&e to make the:cafeteria -
by 1=oq o'clock.

Go ahead, Bill.

BILLERBECK (ComSat) 'i just wanted to ask if you’
also found that this was a difficult procedure? Did &our"
experiehce correlate Qith Sid Gross' experience? It takes

X-ray photographs from various angles to be able to see these

failures.
PARK: I might add that we didn't have any real |
problem.in taking these, We did go through a -- let us say

five different kilovolt settings and let it go at that. We

and offered no real problem at all.
It may have been an advantage that we had cut ééll
open and had been easy éo get at, but this should normally’
be carried‘out befofe they are put into a cell. o
HENNIGAN: Any of thg speakers for this afternoon,
I wonder if they would come down and talk-to Bill Billerbng
in the corfier over here; Bill, stand up for'a minuté S50
everybody can coordinate with him in the afternoon session.
Whéreupoﬁ, at 12:55 p.m;, the meeting was adjourned

to reconvene at 2:00 p.m. this same day.)
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Session 4 - NEW DEVELOPMENTS - W. BILLERBECK, CHAIRMAN

> !
AFTERNGON SZSSIGN N 4 :.l -2 86 74

(2:00 p.m.)

HALPERT: Can we take our seats, please, and start
the afternoon session.

We plah to go into our fourth session and at the
end of this fourth seséion, after completing the work on.new
dgvices, we will try and then summarize some of the work that
we have accomplished here today and maybe list some c¢f the items
that wegdught to be doing in the future in order to bkring
about a more reliable system,

Sozat this time, I would like to introduce our
chairman for the fourth session, Bill Billerbeck, who is
Manager of the Electric waer Branéh at COMSAT Labs and the
gentleman who is chairing the Specifications-Committee for the
high reliability nickel-cadium gélls. |

I present to you Bill Billerbeck.

BILLERBECK: Thank you, Gerry. Good afternoon,
gentlemen. This session is entitled “Néw Developments." I
éuess that meané that we are up with the present state of the
art of nickel-cadmium cells., |

We have been throggh all that in the last couple of
days, so we are going to try to have a series of relatively’
short éresentations on new téchnology, new test techniques,
riew developments in nickel*cadmium cell technology and advanced
energy storage techniques. |

I thought that Chuck McKenzie's keynote speech that
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1| we had at the start of this maating was particularly appropriatc
2| in poinging out that the requirementa for aerospace batteries

3| have begn changing considerably in the las£ couple pf years.

4| We stil} have some of the experiment#l, short-life type of

5 spacechft with us but we also have some other needsf

6 One of these is this need for much longer life, the
71l oxrder oﬁ*fiﬁe or ten years. In many cases it is principally

gl in the_gforage mode with perhaps a few deep cycles a year, iike
9 100 cycies.

10 , These requirements stem from the application-type

il spacec;aft,in synchronous orbits, used for communication, . ]
12 .navigation,meteorélogy and earch resources, We also have the
13 1ongrinterplanetary missions, those requirements now.

14 . So 'I want to point out that these are becoming a

151 larger portipn of the aerospace battery husinesé at this point
14| in time and so much more work is needed to understand and

17 improve the'peiformanée of the ni;cad cell under these conditiors.
18 | I think this afternoon we have several interesting
19| papers on testing dévices that will help us-in this area to'
20| understand cell performance. |

21 | Looking further ahead, I think another need thaﬁ is
22 || becoming more importént is the ﬁeed for improvements in eﬁergy
731 density, and I think that one can say thag there is & need for
24 improvement in the.nincad cell perfoxmance, and I think we can

{ Reporters, inc. ‘ ‘ |
eparter 25|l 90 quite a long ways there in energy density; and also in




353
3irs 3 E

1|| couples with higher energy dens;ty capability., We we have

2 éevaral papers this afternooﬁ on silver-zinc and posﬂibiy a
3| paper on zinceair. | |

4 ' Then, ‘just recapping for a second, the two papers
5|| on test techniques are‘Bili Webstér of NASH, Goddard; Jim

6|l Stemmle of NASA, Godaard; and we~have Dr. ﬁeed from Battelle
7l on’a plaque structﬁre for nickel-cad; and then we have Bill
gl Nagle from NASA-Lewis Lab on silver-zinc; Dr. Mikkelson from
|| General Dynamics on silver-zinc and Tom Hepnigan on automatic§1"
10 ly activated silver-zinc.
1 Those are the papers apd without further introductiog,
1211 T would like to askaill Webster to give his presentatioﬁ;::

13 | WEBSTER: (NASA,ZGoédard) Thank you very much.

14 | One of the disadvéntages of beihg'the host is

15 sometimes your boss volunteers you for talks befcre the work is

16 completéd, s0 thié is really an interim report on some work

17 that is currently underway and Tom thought that it might be nice,

18 since we just had our first results come in, to make you aware

df what we are doing and possibly if it is of interest to you

19

20 then we can give you some hints to accelerate this application ‘

1 for yuour own'use. | ' ' i

) | What we are doing is'looking at strain gages és a
a3 technique for monitoring pressure in a cell. Quite a bit éf

4 work has been done and most of the absolute measurements have

al Reportets, Inc,

o5 been made with pressure transducers, but spacecraft managers
e .
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;1 here at Goddard and possibly in private industry don't buy the

2|| concept of flying a:$350 pressure transducer on top of a cell.

S —— - N

3/ Also, this pressufe transducer is u;ﬁally aﬁtached~by a

4| mechanical means through a fill tube which is structurally a

5| very poor mode of attachment.

6 These pressure transducers are bulky and they are

7 exéensivé.

8 B The other type of pressure measurement that most

9|l people are familiar with is the adhydrode or signal electrode,
10|/l This is mounted internal to a cell’and is used to sense

f}] oxygen pressure. It is not an absdluté measurement of oxygen ]
12 || pressure but just an indication aﬁé at low pressures is an
13]| excellent indicator.

14 » The other disadvahtage of this type of electrode
151 is thgt in a flooded‘éell it does not work or in a wet cell,
16| not necess&rily flooded but'wet, I am}doihg.some research right
171l now with calorimetrf and hy first loolampere-hour cell thqt_IZ
18| have been playing around with has.such.a signal electrode in it;
1l In order to get good transfer between these large
29 plates, more electrolyte than usual is used. The third |
21| electrode in this particuiar case is not working, oxygen is
22 being generated and the rate of diffnsion for this electrode
23 is extremely slow, so that you aﬁe many hours behind what is
94| actually ocqurring}in the cell.

| Reporters, In:.

251 ' We started playing around with this idea of strain




10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

3t Reporters, Inc.
25

355

gages as far back as 1967 and it has been the type of eifort
where it has cost the government only our time and only when
we can spare it, which is becoming less and less. -

What we are doing is using a wheatstone bridge
circuit in which the opposing legs of fhe wheatstone bridge
are the strain gages which measure the strain on the bottom of
the cell. The other two legs of the wheatstone bridge are
strain gages mounted on a metal tab whiéh is welded t6 the
bottom of the cell. These two are to serve as a temperature
compensating.loop of this circuit,

(slige) . |

This is a crude drawing of the bottom of & 20 ampere-
hour cell. These two strain gages located in the center of the
cell will'meaéure tﬁe actual strain that the bottom experiencés
when pressure is generated.

Right here ié a well yith a similar metal, same type
of stainless steel, Qith two strain gages over here for the
temperature compensating loop.

Our first trick that we discovered was that if you
take two opposihg legs of the wheatstone bridge and you use thiec
for your strain gages you cén double the output signal.

The next thing that érossed our mind was that most

20 ampere-hour cells for instance are comprised of 30 mill

e v b A et o ————
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thick stainless steel. And I asked myself and a mechanical.
engineer why, Wa couidn't come up with any good reason why.

We found out through some preliminary calculations

by this gentleman that we could easily go to half this thicknes:

and have a safety factor of at least threefold for pressures

over 100 pounds.

So our next idea was to take the bottom of the cell
and hayé the thickness of the metal on the bottom be half that
of the rest of the cell, typically 15 mill. So we let a
contract to Guiton Industries in 1968 to build us, oh, about
hglf a dozen cells; and at that time they only had material ,
available which was 19 mills thick, so we ended up with one-
fhird as}thick. |

Well, then we let a contract in the nature of $5,000
to NBS Mechanical Systems Group to apply strain gages to the
bottom,df this cell and_to,do the wiring for us and 3PP1¥,?he
best techniques known so we wouldn't have to»wﬁrry about |
training chemists and ehgineers to do sémething which is already
kngwn. -

The resultslfhat they found comparing a standard
cell ve:éus a cell,wheré thé bottom was one-third thinner.;és
that we were again able to increase the output of the strain
gage é;rcuit by a factér of 3; so by using two strain gages as

opposing legs we can double it by using one-tjird thinner we
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can triple the signal.

The reason why I am so concerned ébout increasing
the strgngth of the signal, is that this signal is extremely
low. Ig is in the brder originally of 1 to 10 millivolts.:

So, the next thing_we inquired into was how do we
get thig back to earch? Does the electronics already exist?
Of course, the answer is yes. People have been using strain
gages fpr a long time.

We fqund out that there is a small space-qualified
box approxxmately two inches square by one inch thick whlch
acts as an exczter amplifier and it can excite a strain gage I
circuit and amplify the signal by a factor of a thousand. So
now we a?e talking about sending béck signals o6n the oxder of a
volt.

Recently we received thesé cells back from the
National Bureau of Sfandards\and we have put them on test here
in our laboratqu. We havg done a very minimal number of tests
to this point.. It consists of several cohditioning charges
at C over 10 for 16 hours anq then one which we call typical
OAO experiment. |

Now the results of our 16 hour charge were figures
like the following: The adhydrode signal over 16 hours for
a dead-shorted cell at the end of one minute was reading '’

47 millivolts:; at the end of five minutes, 37; at the end of

200 minutes, 29. So.the adhydrode wasn't tracking the pressure
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r*hen at the end of 960 minutes, which is represeno
2 tative PE the 16 hours or equated to 16 hours, was 455 millxvclts.
3 I spoke to Mr. Ford about this and he said thls is
'

4| common when you are working with a dead-shorted cell and

5| starting it up for the first time, and he associates it with

6| @a certaln activation of the electrodes involved.

— The pressure transducers during the same time was

"¢, very lificar in responses as would be expected and it went from
- .9 51 millivolts to 82 mlllivolts, never decreasing or 11uctuating.

10 The straln gage output ran from 7 millivolts to 12

11 millivolts, so you can see we are talking about extremely smalll.
~.w,}fgr:¢ausﬁéifhey were extremely linear, never varying with tlme
13 aé a result of fluctuations in temperature.

Lt “These experiments were conducted at 20 deqgrees C.

15 | Then we initiated what we call an OAO test regime.
161l In this regime we charged at 12 amps to a voltage clamp of 147;

17| then allowed the current to taper. We discharged at 6 amps for

18l 30 minutes. This type of regime gave us 155 percent overcharge.

PR

91 " Now, we are not recommending this for all OAO but
20 || Wwe are trying toAmeasure the pressure, so that is what we were N
21 | about, by having such a high overcharge.

22 " We have also done other experiments where we have

oz l.unped this voltage limit to 149; then we are talking about 200

I A

24'percent overcharge.

i Heporters, Inc.
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was this experiment with thé voltage limit of 147 and an
overcharga of 155 percent..
- (Slide.)

Here we have a slide of that data for the 100th
cycle. This was conduqted at room temp -- well, not exactly
room temperature.-- in a temperature chamber at 20 degrees C.

This is a typical computer printout of the data and
factors hav e been.appliéd to the data. But you can see. that
in theAIOOth cycle we had a 90 minute orbit, 30 minutes of:
discharge and 60 c¢harge.

We séarted out first with dur discharge and then we
go into our charée. Our baseline:éhould be the pressure ,
transducér; that is an absolute measurement. We are coming
down off of the last end of overcharge at 29 podhds of pressure
and dropping down by 10 minutes into thé charge to approximately
19 pounds of pressure and then swinging on up.

?he next curQe I call your attention to is the};
adhydrode. The adﬁydrode also follows the pressure. This
little whiffle in the curve at 30 minutes is where you change
from charge to discharge. Because we can only plot versus one
axis a number had to be multiplied by the millivolt output of
the adhydrode and this makes this curve appear a little bit
smoother than it really occurs. It is a sharper break than
if you are just moniﬁoring straight millivolt output, but’you

can gee it also follows.

5 e T
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Then we come to the strain gage and we have a
perfact profile of the pressure in the cell. What are these
numbers and what wer they multiplied by? In this p?rticular
cycle, the pressure transducer went from'75 millivolts to 115
millivolts and it was multiplied by a factor of 240.

- The adhydrcde had a swing from 310 millivolts to
516 mil;ivolts and it was multiplied by a factor of 61.

- The strain gage‘had a swing from 8 to 18 millivolts
aad waé'multiplied by 2;,750; The voltages that the cell was
experiencing at tﬁis time was a low of 126 to a high of 147,

| So, what we are talklng about in translating some of
this into absolute values, is the strain gage delta was 10
millivolts, the pressure transducer Was 40 millivolts and the
adhydrode was 200 millivolts.

| | What we are proposing for the future is to construct
a cell in wﬁich the'botﬁom has a small area which has been

milled down to a thickness of approximately 10 mills. This

Wh;t‘this would do would actuallu make the entire cell case act
as a\pressure transducer and would further enhance this output
and wnuld gzve us a reproduc;ble surface.

il ) We have not had time to analyze this data but there

are two obvxous problpms that I can see right now. One would

be of application, which technician put Onystrain.gages on ‘whic!

day? So it would be very expensive to calibrate each single

|
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cell,

The other p0551b1e trouble spot would be Lhut you
had different welders and different stresses put on the bottom
of each cell when it was constructed; but we feel by wmaking
this soxt of pressure transducer out of the case and having a
small ayrea of a thinner construction than the rest of the . .
bottom, that we can eliminate any hysterisis due from one
welding application of one day to that of another davy, and
this pretty much is the state of our work at this tinme in this
a:ea. |

(Applause.)

- BILLERBECK: Do we have any questions?

STEINHAUER: (Hughes) Bill, is there any pﬁrticular
reagon why the bottbm of the ce%l was selected particularly if
the silent cell Qaé open and you could put your thinned out
area midway% along the side away from the weld.areag?

WEBSTER: Thank you, Bob, for calling tha: vo my
attention. Yes, there wés. |

| We turned this cell over originally to a group here

at Goddard which put a particular.light-sensitive material on

the cell and then applied high pressure to the cell and then
analyzed the cell for the area of greatest stress anl mast
uniform stress. That was at the bottom, so that is why it was

selected.,

BILLERBECK: Other questions?
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All right. ‘Thank you very much, Bill.

The next paper that we have is by Jim Stemmle from
NASA, Goddard, and it is on sealable éxperimantal cell case
for nickel cadmium cells, and perhaps other uses, tbd.

STEMMLE: (Goddard) Thank you.

I envision this as a rather short talk. In fact I
got intp an argument with Gerry Halpert. Initially I thought
I would talk 15 minutes but then when I looked at what I had
to talk about I said five and he said no, you had better take
ten, So I gﬁess we will just have to see.

Suppose four job description says you are a
research electrochemist apd one d&y you hear somebody say
something like if you put carbonate in the electrolyte, iE
advances the onset‘of gasing'of ﬁhe nickel electrode or some
such thing as that. ﬁouldn't it be nice if you could go in*to
the shelf in yo#r labératory and pick off the shelf something
like this? | o

(slige.) N

This is a resealable convenience experimental éell.
We thought it would be nice, so we designed one. The fea;ﬁres
thatvthis thing has are, one, it is flexible. If you notice
in the top, and if will show up more clearly on latér slides,
there are six ceramic terminals, two of them for carrying.é lot

of current and four for carrying signals of various sorts for

monitoring what is going on in the cell.,

|
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The advantages of this thing are that, one, it has

this flexibility, it is sealable, it can measure pressures,

it can measure gasing characteristics; and, two, there is a

cost reduction. Each time you want to make a cell you don't
have to make an entirely new cell wh?ch you seal off and weld
off and have to discard whén you tear into it. |

(Slide.)

Here is a picture of the header. There is a pipe
cominngut and the threads are 1/8" pipe. Yéu can see c;eggly
the two large current-cafrying electrodes and the four smaller
signal'electrodes. | |

(slide.)

The third slide is the reversé of this, showing the
foot that we designed for attaching to current-carrying
electrodes aﬁd the electrical connection to the auxiliary
electrodes,icoming out of their ports.. ':aﬁ;

(slide.)

The fourth slide shows the O-ring seal. The

quarter there is not really a measure of how much it cost; it

‘A8 to give you an idea of how big it is.

The O-ring which we bought was made of etbylene
probYlgné'which is fesistant to KOH, according to the Parker
Hannifdrd\Coﬁpany. | |

(Slide.)

i

~In the next slide we see an exploded view of the
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that you don't have to use an entire plate stack; this thing
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convenience manifcld. We have a gage, a pressure transducer, --
let me see if I can point to these things -~ we have a gas
sampling manifold there of Goddard's own design, a‘valve quick
disconngct fitting, and a pipe tee. The top and béttom are
just held togetherjby'machine SCrews.

The cost of the cell case, exclusive of the manifold
is about $565. The material could be either nickel or stainless
steel. When we had these made there was a nickel strike so we |
had it>made out of stainless steel, out of 304-;.

We also had at the same times some shims made so

will hold a 20 ampere~hoﬁr plate stack, but you could do
experiments on fewer electrodes than that and use shims to
occupy the void volume.

'Wb have run into some problems, probably not where
you would expect fo run into them. We have developed some
leaks in the bottom edges of the can.

We had two or three leaks right on the corner. When
I took it to a man to see where it was ieaking; he told me it
was going to be leaking around the ceramic seals but it wasnft.l

The design is good. We have on hand about ten cells
that have been holding 50 pounds of air for a month or so,
just not dropping, so the design is good;

We alsb designed a small device for connecting

signal electrodes to the feed~throughs. Maybe I will just try
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drawing one. It is simple enough that way. There is a holq
going through here. There is a set screw going through here;
Simple enough. We intend to weld the leads onto this metal
and then fit this over thé feed-thizough and tighten it down
with set screws. | ,

Thét is all.I ha&e to say, and I wonder if it was
f;ve or ten minutes? | |

(Applause.)

BILLERBECK: Do we have some questions on Mr.
Stemmle's paper? | |

All right, if not, we will go on to Dr. Alan Reed
from Battelle, and he is going to tell us about a new
honeycomb plaque structure for nickel-cadmium electrodes.

I guess I had better give Jim back his baby here.

REED: I have just one that might be a Viewgraph =--

not a Viewgraph but the overhead projector.

'We at Battelle have developed a new type of porous
nickel plaque that we made intovcadmium electrodes. Iymight
add that this has been developed on contract here with NASA,
Goddard, |

These plaques have a honeycomb étructure and they ar
made by alternately stacking thin, electroformed, corrugated
nickel foils and flat nickel foils. The foils are bonded in a

hydrogen furnace and then they are sliced into plaques of the

AW
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desired'thickgegs: for examﬁle, 30 mills.

If I could have ﬁhat overhead, it will show you a
cross~sgction.

(slide.)

This hés been filled with'epo#y and secéioned.

You wil} see that all ﬁhe pores are uniform in size and shape,
triangular; they are parallel to one another and each is
connected directly to the'surfaée of the plaque providing-the
sg;aiggt-through pore. |
tfﬁﬂ;ia I,tﬁinkfthat is probabiy enough for the slide.” -

“ Lights, piease. -

We made these plaques with five different sizes of
pores aﬂd the widest dimension of the pore in these various
plaqﬁes that we ha#e'que ranged from 3.2 up to 10 mills,- -
Wh;;h is about a factor of 5 to 20 greater than the median-
pore'diametér of a'sientered powder plaque. ThereforeAthe'
in;efnal surface area qf these plaques is much smaller than tha
gf_ahainteréd bowder plagque, ranging from about .04 sqﬁare

meteré}per gram up to about .l square meters per gram compared

“to one-quarter to one-half a gquare*meter per gram for |

‘conventional akntered powder plaques.

' - We have devgloped some new technology in making
these thin foils becaﬁge we had to electroform pinhole free
nickel foils as thini‘as-about 2/10ths of a mill. This work

involves careful preparation of machined mandrels with evenly
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cadmium. It wouldn't show up on this Viewgraph but it looks

‘eiectrodes by providing a porous structure which intuitively

one things is more or less the ideal structure for porous

367
spaced grooves onto which we electroformed the thin nickel
foilé and then stripped them 6ff. |

| We described this work in a report that will be
soon éoming out under confract NAS5-21105.
| When these plaques are made into cadmiuﬁ electrodes
they haye charge and discharge curves which are very similar
to that of the conventional gﬁntered powder plaques, in that
one 6btains a relatively flat charge and discharge plateau when
measuiéd versus the referencé electrode.

We believe that this shows that the high internal

surface area plaque is not necessarily for proper electrode l
performance; rather, the cadmium in the electrode forms its own
high su:face area, the little crystals of cadmium.

I have a photograph of one of these impregnated with

almost likg‘sand packed into the end of these open pores. .

We have also found tﬁat this charge-discharge
performance.is relatiyeiy insensitive to the size of the pores
that we have made. | |

fhe whole purpose of this work was to build longlife

L

eiectrodes. That is, all of the pores aré of uniform size and
they all are parallel connecting directly to the surface of the

electrode., This design\should help tS maintain uniform current
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did shaw a better performance as far as utilization goes than

-to 280;milliamp hours per square inch for a sintered powder”
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density and thus promote long life.

One of the pore sizes of these honeycomb electrodes

did ihg others. These plagques had a capacity of about 200

milliagp hours per square inch at the one hour rate compared

plague operated at the same rete._’

I believe,ethough, tﬁat b? modifying or impregnation
proceéa we could increase the capacity of these honeyconb
electrodes Eo a point where it is eQuivalent to a &kntered
powder plaque. 4 i‘ ' : |

i will say why I think that now.. When these plaques
were impregnated with‘the standard vacuum cadmium nitratee
process they were found:i to require betweenjtwo and threeﬁtimes
as many 1mpregnation cycles aas were required for e1ntered '
powder plaques to reach the same loading of active material
based on weight gain. »

| After we impregnated these to that point, they‘&ere
analyzed chemically fo? cadmium and cadmium hydfoxide ahd;this
analysis showed that a major portion of the impregnated
active material was'metallic'cadmium, rather than cadmium L
hydroxide, as is found with simntered powder plaqueu.

Thus the electrochemical utilization ranged oely
from about 40 to 60 pegeant of the_theoretical.capacity compared

to greater than 70 percent with the sizntered powder plaques.
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It seems that the normal nitrate impregnation
proced;re nust tequirquémeﬁmodification for these open
honeycopthplague structures. Perhaps either the time of
polarization or the current or both should be decreased to

reduce ‘the amount ofraQtive material which is reduced to

metallig¢ cadmium, since it appears that the large amount of -

¥

utilizapion.

We stayed with this impregnation.procedure though
bec&use we haﬁ decided @earlier in thé program that we did not
want to change our impregnation.procedure'and thus have another!
variable in the process.

In summary, this work shows that plaques’canlbe'
made with the uniform npn—interaéting pore structure and that
such ﬁlaqueg do function similarly to‘norma1~sﬁnter powder
cadmium'aledtro&es.' | I

Moré work needs to be done to optimize the
impregnation procedure and ﬁerhaps some electroéhemicalv
processeagdescribed feBQerday might be tried'with these.

But becausé we have found good initial performance and because
thesé pléques have the structure one intuitively beliéves:

an'ideal plaque should have, we believe there is justification
for continuing éhis work and one of the next £hings that should
be done is to build nickel-positive electrodes from these

plaques also; and tﬁén test them in sealed cell operating
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conditions.
" Thank you,

(Applause.):

BILLERBECK: Have: we some questions on this paper?

COHN: (NASA) I have a couple of questions. |
6ne of them, you, apparentiy like everyone else, has striven
to load as much active material into the plaques as you
possibly can.

Is there reason to believe why one should try to

20 percent or so of the loading? l

REED: Actually this wasn't the original goal. We
have striven to obtain a 40 percent.of the pore volume filled
with cadmium hydroxide based on the weigﬁt gain and we used
sinterecd powder plagques as controls and as I_said when we‘j:
analyzed thése we found about 90 percen£ of this.Weighg gain
in the sintered powder plaques Qésbcadmium hydroxide."

Now then we were going on this assumption that it

was also cadmium h&droxide-in the honeycomb plagues so we wanted

the weight gain to be equivalent to what would be 40 percent
. |
filling of cadmium hydroxide. So we erred and got more loading
of active material as cadmium than we originally had hoped for.

So ‘I think you have a very gocd point about not

overldading these. Our goal was 40 percent as cadmium hydroxide.

COHN: The other question which is somewhat related
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_break.

1/8" making a loop out of them, either in the direction

perpendicular to the bohds or parallel to the bonds without

‘breaking.

371  f
to this is, have you made some provision for tﬁe expansion
and cont#action that takes.plaCe when these eleétrodeS'are
charged aﬁd discharged, so that you donft apply any undue
streés to ﬁhem as they are used? |
REEﬁ: I am not sure whether the inherent structure
of these would take up that mot;on or not. This is another.

reason for not loading too heavily so that they would not

The plaques are considerably stronger physicallf
than a sintered powder plaque. You know if you take a sinﬁered
powder plaqﬁé and curl it around a small radius, gven'if it is '
a good éintéred plaque it still cracks. There is no question

about that. "These can be éurled around a radium as sma11 aS

DUNLOP ¢ (coMsaT) I have a couple of questidns,utoo.

ﬁhat waévthe.dénsity of your plates? I didn't
catch thatli | |

REED: I guess I didn't mention.that, but yoﬁ mean
the~pordsity? | |

.; o No, the density -- well, I want to know if

you hadva term in - -terms of grams‘per cubic inch or something
like. that. |

REED: I cannot give you that figure but they were

1
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both. When we started out they could be charged and discharged

372

80 percent plus ox minus about 3 porous. The foils were
eléctroformed to the thickness required to maintain this
porosify.

DUNLopg When you impregnated your plaque, what was
the perc;nt by weight of the material that you impregnated»
with to thelplaque structure? |

REED: It would have been about 50 percent of the

;DUNLOPQI About 50 percent. Was this -- how much of
the material -could you-utilize?

_REED: It depended on the various runs. We.utilized
£rom 30 td about 60 percent of_this-maﬁerial based on the
theoretical capacity ofkcadmium ahalfsis.

DUNLOP: Did you determine that the problem_was one’:
pf;charging?  Or was it a problem of discharging?

REED: I don't know. I think it might have been

almost 100 béféent efficiently there, so I think Qhefher you':
want to say: the prdblémvwés charging or discharging, I am not
sure, But the amount of materia11thatiWas charged befére
réaching ﬁhe”hydrogen-f;ee capacity céuld be dischargea,p
puNzop:' Thank you. |
WILL: «(G:E,) You have‘sucéeeded to provide
spbstrate which has'éaralle; macrépores} howgver, 1et'§ not

overlook=thatfwithin'this:sytemfof macropores you are still left
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with the micropore system which is as tortuous in its paths 3
as in.other battery plates, And I think an ideal structure woul&
consist in one in which one would have parallel micropores.

I have a question in addition to this comment.

I would expect limitations to this kind of structure
when you‘have considerable diameters of your macropores, like
up to 1.0 mills; I would expect those limitations to show up in
high-;ate charges and discharges, and I wondgr to which extent
you héve checked this part?

‘REED: We have charged these as high as 4 C rate

and discharged them also .at this rate. Regarding your comment

about the size of the pores; this is true. They are considerably

larger than what you have in the microporous structure; however|

it also forms shall we say a cage for the active materials so
that the active material which you put in one pore muét remain
there or move directly out into the separator rather £han'
sintering its way down =~ sinteéing may not be the right word -1
sb%fping down and pack%pg in more tightly‘into'other pores, -

which is one hypothesis.of'reason for loss of cadmium capacity.

. BEAdCHAMPAQBTny I wasnft clear, what direction did |

your pores run in the plate?
_ REED: The pores run perpendicular to the separator,
is that what you mean?

BILLERBECK: Any other questions.

Thank you very much.

¥
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BILLERBECK: Oh, one more question;
| WILL (G.E.) It is surprising that your plaées,

in fact, have such a higﬁ life capaﬁility. I would suspect
that this is due to the fact that you are utilization is so
small ‘and that you have considerable excess of cadﬁium,in,
there ‘which -accounts for that high rate capability and if you
were to go to higher degrees of utilization that in fact you
would‘rﬁn~int0“a recommendation.

REED: ' That could Se but the interesting thing about

these is that the capacity at the high rate did not drop off

significantly from the capacity at C and evén down as far as

'C over 4 rate.

The coulombic capacity was not greatly influenced

by the rate.
| | MAURER: (BTL) I was going to say something along

the line of Fritz here and suggest that part of this may be
that-you really have is something akin to a pocket plate
electrode withip the pore and what you have is a conducting
network of cadmium lacing the cadmiﬁm hydroxide and thé low
uﬁi;igétion is simpiy;the active material -that is within these
micropores of‘the cadmium srructure.

Ed McHenry of BTL presented some work sometime ago
on an e1ectrode that was composed simply of cadmium oxide

powder and nickel flaggFor cadnmium oxide pc@de} and copper oxid

I

!

W
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powder. In this case you get a micropore structure of either
cadmium or copper, depending on the materials and tﬁis gives
good, high rate performance and I suspect that that may be
part of what you have here.

One of thé things that will really tell the étoryE
is when you try to do this on positive electrode where you
d&n't get this type of action with nickel hydroxide.

| If yoﬁ can make a nickel_hydroxide electrode with

these plates that has high performance'characteristics, then

- you- are in, and if not, then this other mechanism may be the

important one.

If you try the electrochemical process, and I
encourage you to do so, you may get poor results if this
microporous argument holds because in this case in the

electrochemical impregnation technique you will only coat the

‘walls of these pores and not the center area; sovyou may have

high-utilization but low total capacity.

‘REED: Regarding this electrochemical utilization,
If I could ask Dr. Maurer a qﬁestion; he méntioned doing his
electrochemical utilization or his colleague menticned it,
doing.it'in two steps or,repéating it to get mofe material in.

What would you think of doing this to these types

of plaques to get a greater capacity? Do you see an advantage

in that?

MAURER: Well, I will pass this back to Beauchamp

!

i
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‘Dynamicg. I understand he has another engagement later on this,

afternoon so we would like to get him up here now.

.and silver-zinc oriented because on the Atlas and Centaur
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but I would suspect that you would get gradually increasing
amounts of material, aLl right. I would be sugspicious that the
utilization might drop in this case if‘ the pores became very .
full. ‘

FLEISCHER: What is the thickness of the pores?

REED: 30 mills, |

.BILLERBECK: Any other questions?

Thank you very much.

N§w we will change our order of speakers heée, if

we can, please, and next have Dr. Mikkelson of General

He is going to talk about silver-zinc storage
cells.

'MIKKELSON: (General Dynamicé) I would like to
thank Mr. Billerbeck for the honorary degree thefe. I£ is
just Mr. Mikkelson, and I would iike to thank you for revising
your schedule, too. It seems that if you are near ETR and
they nead someone at ETR they will send for you and they will
find you, so I have to make a little detour tonight. )

I am a battery user rather than a battery designer

1

or a battery tester, per se, so my remarks are user oriented

programs which I have worked on for about the last ten years

that happens to_be the type of battery that we have used'becaus

’

o
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it lends itself to our program more readily than a nickel-

cadmium'or-a‘silver-cadmium.

Briefly, I will describe how we use these to give
you a hittle-background into.  some of the problemsAthat we
do-enequnter from the user's side.

These silver-zinc cells or.batteries -- we buy a
complets battéf§ when we procuré'one, we don't aséemble oné -
céme in the dry state and we activate them, usually one to two
days b§fore a launch., Then we load test them in the laboratory

The load test is u5ualiy very short;bécause ampere-
hour-wise they are tailored to the missile;s néedshso you
cannot'takeftoo much capacity out of thenbattety.ihutheblabora
fory. Usually we run a load test that is cééperable ﬁo what

we feel the vehicle load is or what we knowthe vehicle load

.is and then we check at the maximum specified rate to see if

the battery is still meeting its specifications.

Recently I ran into a problem where during the

‘running of this higher rate load test my battery voltages were

lower than they should have been. In investigating, I found

- that these batters had all been on the shelf in the area close

to tﬁo years and what was happening, appafently soﬁe loss in
silver-peroxide had occurred and possibly, according to some -
of the hattery vendors that I had talked to, some £ilm had
built up on the plates.

The loss of silver-peroxide we were able to confirm
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"activating it and discharging it and then recharging it, using

-happen -to it and as - a consequence he didn't have a great deal
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by recharging and discharging the batteries again. I could
néver confirm'éhe other theory that was put forth.

In order to solve this sort of a probiem,_I thought
about and have approached battery'vendors with the~idea of -

taking a battery say after it is a yéar old and arbitrarily

it for flight.

| ‘It has‘been our policy never to use recharged
batteries on flights for.several years. They have come back and
one vendor said yes, this was agreeable, that it could be
discharged-recharged and bé‘used for flight; and in fact we
had discussed the extension of life to the battefy as we
presenﬁly use it Has a 15 day life under ambient conditions
and a 30 day life if you store it at a lower temperature. He
is agreeable to going to 45 days.

One of the qther battery Qendors,l Eontacted didn't

feel that he could toralong wiﬁh this because he felt dueito

his separator~design-he'didn't know enough about what might

of§cpnfidencevin~this type of a program, that two separators
are differenﬁ in design; The vendor'theﬁ'indicated that he (
could go along with it, as a U-type fold whére you don't have
any exposed edges, and the other vendor happened to have an
S~type fold where you hgva exposed edges. |

My purpose in recounting a little event like this is
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that if we had been real smart in the beginning, we probably

-would not have to be going out and meking specification changes

now; if we had known enough about the battery in the beginning
we could have generatéd a specification that encoméaased these
types of things and here I am in full agréement with the
gentleman who made the keynote address, that we should strive
not only in the area of silver-zinc but also nickel-~cads to
coﬁe up with a standardized type of specification sheet or
standard approach to batteries so that we shouldn't have to go
through this‘sort'of an exercise in the midst of a program;

we should be able to know as much about the battery when we

start_with it, rather than having to find out by experience. -

To recount another occurrence that happened to me

‘several years ago along this same line, we had designed a

battery or created a specification for a 2-1/2 ampere-~hour
battery to be used as a power supply for rain safety and

telemetry type systems. A couple of years later a requirement

came along where we wanted to blow some squibé, a very high

load but of very short duration. There were some people who

wanted to take our main missile battery, which was about a
30 émpere-hour battery aﬁd iﬁs specification lent itself
somewhat to those 1oads, and I wanted to take the 2-1/2 ampere-
hoﬁr.battery and make it a pyrotechnic battery.

Fortunately I had a lab at the time and had some

test specimens around and was able to prove I could do it, but
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1| otherwise I am afraid I would have lost the béttlé there.
21 It was essentiélly taking advantage of an inherent charactegistic
3| of the battery.‘ And on the same battery I have come full cycle
4| again how;'I;wantﬁtb&uae:itiforﬁanother applicatioh.where the
5 rate.is higher than what the specification says but it is an‘

6 inherept characteristic of thé battery.

va R : That sort'Af closes'Up my remarks 6n batteries.

8 'i‘woqld'like'tO'reiterate though, aéain, it would be nice to

‘9 have a spec“sheet'qn bétteries that lookedllike a transistor

10/l spec sheet. It makes it muéh easie:;for'us to dedcribe to

11 the vendor what we need,.and of course helcannot generate all

“ 12 of this information, some'éf this we have to feed back to him.

'~]3 So there is'a need for communication back and forth,

14 C Thank you.

]5 ' - {Applause.)

16 ' BILLERBECK: Do we have any questions.

17 : Dr. Fleischer? |

18 " FLEISCHER: Did you keep track of the voltage during

19 stand after activation?

MIKKELSON: Yes, we do.

20 A |
21 o 'FLEISCHER:A What was the shapé of that curve?
22 MIKKELSON: With reference to -- |
23 FLEISCHER: Did it stay at a steady value? Was it
24 1.8? Was it lower? |

forat Reparters, . MIKKELSON: Oh, are you speaking of the storage

25
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' the silver-zinc type that we have, the open circuit potential

-gtate voltage was about half a volt higher than -~ in, fact,.
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effect problem that I had now?
'FLEISCHER: Yes.

MIKKELSON: Okay, yes, when you initially activate

is 1.86 per ceil, so you come out with an open circuit

voltage of about 35 volts; so épén circuit-wisé when you look

-at-the,battery initially, it looked all right. It wasn't until

we loaded the battery that the voltage was lower than what'we

had e#pected. “ -
Subse§uently we récharged the battery and pre-loaded

it and then discharged it and found that actually our steady

it was like a new béttery.
,FLEISCﬁER: And these are primary batteries?
MIKKELSON: _Yes; these are primary. |
FLEISCHER: Cellulose.separators?

MIKKELSON: I believe that:they are cellulose

Viscon'or-visking " type:separators- that are utilized, that is

correct.

13

FLEISCHER: . On aging of many of these batﬁeries,
eveh'if'you‘§ave:Ag20 , the silver-oxide at the monovalent '*j‘
level you'are-iiable,to form silver carbonate and this is
especially true of cells even in the dry state whiéh'ha§e Ago
and once you form silver-carbonate and you activate you‘haVe

a_.reaction going on in which silve:-ca:bonate on the, surface
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- temperature of the-battery and it is not a sealed battery in
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is reacting slowly and being converted back to silver-oxide
and the carbonate going into solution; so that if this happens

this may explain why your voltage is not up to par during the

Silver-carbonate is very esilf detected; if you open

up the plates of cells and lookat the plates, you will see

yellow cruét. This is a deadsure sign that you have got silver-

carbonate. It sounds from what you said that you have a
silver-carbonate formation probably.
MIKKELSON: I think that is probably true because

storagewise there was no-attempt to control the storage

the sense of the word, so that is probably what has occurred
here.

On a recharge cycle, what happens to the silver-
carbonate? “Is it still present in the battery?

FLEISCHER: If it is‘g rechargeable battery, then
the silver.carbonate actually doesn't take part in recharging.
It stays in solutionYou are just losing some of the hydroxide
iron present as carbonéte. If you get enough of it thén your
efficiency of charging will go down.

MIKKELSON: We noticed that our voltage was higher
on the subsequent discharge. Would that be what you would
expect, then? When we subsequenﬁly discharged we noticed that

the voltage was higher. In fact, like a new battery.
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FLEISCHER: Well, that is because yéu have converted
the silver to.éhe higher oxidation state-and you have more of
it_present in the higher oxidation state. Silver-carbonate is
in the monovalent state. It only forms after you éorm'Agzo. )

MIKKELSON: I see, okay. Thank you.

BILLERBECK: Any other questions?

All right. Thank you very much.

Incidentally, I have heard the remark several times
recently that it certainly would be nice if we had a
specification for batteries that was like a transistor spec.

I ceftainly‘agree. But I think we recognize that we have a lot
more pérameters to deal with than one typically has in a
ﬁransistor_andfl think their effects are much more subtle, as

a number of us are aware in Erying to come up with some sort.
of specification for the nickel-cad cell.

And I'am‘sure some of the efforts here at Goddard

in attempting to do the same thing with silver-zinc are

-running into some of the same problems certainly.

So, I am afraid it is not as easy as we would like

it to be nor as the systems people would like it to be in the

'spacecraft.

Our next speaker is William Nagleé from Lewis Labs,

'NASA-Lewis, and he is going to talk about heat sterilizable

silver~zinc cells,

NAGLE: Sometime back in history we decided =-- I

3
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‘break them to smithereens. But these hard cookies for the

'5 ampere-hour inorganic separator were very hard to put into

‘a semi~flexible inorganic separator for silver-zince batteries.
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think Ernst decided -- we should have a fuel cell membrane
that was inofggnic so that we could raise the temperature on
the dual membrane fuel cell. We had this program going with
Astropower Laboratory. He said that the dual-meerane fuel
cell wasn't going to be a success, so we should put it into.
silver-zinc cells. |

This began to look better when we dealt wi?h thé
5 amperé-hoﬁr silver-zince cell but we were building rigid
cookies as separators. AIf you dropped these thingé any higher
than your chin,'and Ivaﬂ Blake new exactly how to drop them

from chin high and make them stay alive -- anybody else would

batteries, too.

During the last approximately two years we have

Because of a contracting officer requirement that says we will
not have éuarterly reports any more; none of you have heard of
these silver-zinc batteries with inorganic separators. Those
;hat get the monthly réports have heard;

All that we have been getting are monthly'repdrts
which has the very limited distribution. |

The thing that I want to do today, since Astropower
is going out of business as far as batteries are concerned,

and I believe this to be a fairly successful develcpment, i3 to
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-approximately, and the total wet life of the cell is 24 months

80 far. It is still éycling.

‘which i3 at 20 percent depth over a Z2-hour discharge, 22-hour

~birthday is fairly close we used that.

385

just give you some of the data that we have assembled in the
last two years on the 40 ampere-hour inorganic separator
silverrzinc cell,

(Sslide.)

It looks like it is a little wide. In the first
line cayoss there is a-design that we put together when the
first requirement for a Viking.program came out. We frozé the

design po far as the inorganic separator construction was

W

concerned, and said this should be the one that we can steriiiz
for 200 hours at 135 degfees C. and get some reasonable stand
and cycle.life out of it.

As you can see, this is a small cell, three plates,
only f ampere-hours. We let it stand charged for}8 months.
The voltage remainéd i.86. Since that}time we have beén cycling

on a 24 hour cycle, two hours' discharge to 20 percent depth,

| "These cells, again, héve gonethrough 135 degrees C.
for 200 hours at the beginning of life.
The préliminary*design tﬁat we had for the céll was
32 ampere-hour. We have two cells that we let_sﬁand-seven

months and the VK-l regime.relates.to.the Y¥iking:'73 launch’

charge. We didn‘t-hit-the~day-quite right but since its
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' These data are 30 days old so that is probably 299 at the -

‘currents we could draw on this separator, we had two cells =--

386

After their charged-:stand on thisvpreliminary design
again you see 269 cycles on the 20 percent depth in 24 hour .
regime, and the total wet 1ife of these cells, again, after the

sterilization period, is so far 18 months.

Cells that were float~charged seven months and then

cycled on the Viking '73 regime, again there are 269 cycles.

present time and 19 months.

Here is our only failure so far on this cell
construction. = Some cells which we had. run through our current

dansity temperature cylcing regime to find out what kind of

one cell failed at 463 cycles and'one cell at 1,093 gycles.
. These failuresswere from silver éenetratiqn through
the edge of the separator where we had them glued togéther
an envolope&. The presgnt design,vare actually:what-we call
the 40~7, 45 ampere-hours actual, nominal 40 ampere-hour.
So far these 15 cells are on 50, 75 and 90 degree wet stand -
and the ones at 90 degrees'are'just beginning to come off the
peroxidg level. |
| - Several cells have dropped down to the i.ﬁolvoltage
but we think they will be. all right when the end of the storage
périod comes -- I believe it is going to be 21 months.
';a..Then‘we will start cycling on the VK-2 rggimé which

consists of two cycles a day, one at 10 percent and one at 20

4
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75 and 90 degrees are 14 months old and still alive.
_gone thfough, again, probably the current density temperature

‘cells.

an average'of 13 months on those cells;and using the two cycles

387

percent. and this is the one that was scheduled for the Viking
75 launch. |
We see the cells on charge stand, the cells at 90

degreea have started to fall off the higher voltage level.

of course,'the ones on the float charge, 5 cells each at 50,
Over here at this side, these are cells which have
cycling to see what kind of currents we could stand on the

We have a range on these 16 cells all grpuped under
one heading, 330 cycles, on, again, the 20 percent deptﬁ and
a day, 20'and-10?percent‘depth, we have-eight months" life,
'300't0'348I¢ycles;"Then"this VK-3, since we were calling all
tests VKs of some sort, is a three cycle a day 40 percent depth
Those are two month old with only 50 cycles on
them.
Again, let me say that all of these cells.have been
through something that silverQZinQ‘celis cannot stand, 135
deg:ées for 200 hours. |
Thisvwork was done at Astropower by Al Himy‘ who,
of course, -- Astropower is going out of business. We will get
a report out on this and give it the widest distributien -

possible, If.you are not on our distribution list, and would
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like a copy of the repért, let me know and I will put you on
the distribution list for it.

The thing that we hope to do at Lewis with this
inorganic separator is to bring it in house. We bélieye thagz

it will improve the life and the cycle cﬂaracteristics of the

silver-~zinc cell:and we think it will improve it much more

if we don't give it that 135 degrees at 200 hours.
Are there questions?
(Applause.)

BILLERBECK: ~Ernst - Cohn from NASA?

COHN: (NASA) I would like to make a comment on this.

I squeezed Nagle before and asked him just exactly what real
power density he is getting out of these.

He tells me at the 20 percent level it amounts to
about 9 watt hours per pound. So, at the 40 percent ;evel it
would bé somewhere arodnd 18 watt hours per pound whiéh looks
like a pretty promising developmgnt if the life can stand up.

" As he said, you don't necessarily have to heat it_
for 200 hours.at 135 degrees heat.
o -BILLERBECK:_ I certainly agree,jErnéﬁ{, that ié a
very interesting performance. |

I.guess the other question that comes to mind is

whether there is going to be aﬁy continuation of that work in

the future. 1W6u1d you like to comment on that or would you

Prefer not to at this time?
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'wefe supposed to get at Goddard but unfdrtunately it went away,

389
COHN: - (NASA) He just said he hopes €6 do it in
‘house .
BILLERBECK. " I_see.
"""" Incidentally, we are going to have one moxe paper
énd‘thén"take-a coffee break this aftefnoon,,
| The next speaker is Mr. Hennigan, énd he is going to
talk'about'autdmatically activated silver-zinc cells.
- HENNIGAN: (NASA) This also includes, some ofAthe work
that was done on the converters. |
Just a block diagram of it. One of thé things I
think everybédy would like to have -- a‘kihd of idea1 way to
run a battery is to run one cell in the batter§ without all
these series éells that we have.

A couple 6flyears ago we had a project that we were

but to have a battery that would iast.from about three to five
years and then the 6ni¥ use of it would be when we approach
to;plan it and’orbit it for about six months.

The orbiting time would Se something on the order
of 12 ﬁours to 24 hourg; nobody was really~sure about the
orpiting time. -

We had developed a converter in house here to work
ftom about 1 volt to 2 volts, to ?ut out at 50 to iOO Qatts
at about 75 percent efficiency. Of course, we could ﬁse.the

ni-cad or silver-zinc with this. Of course, a threeAto five

|
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year life storage isn't usually attainable with silver-zinc
batteries.

'(Slide.)

We developéd a cell,ione single cell that we could’

fill when we needed it. It has an explosive device in it tée

fire at a knife and then we release a spring to push a

collapsible diaphragmto put the electrolyte in the ceil.

Now, as you know, when you work with silver-ziﬁc
cells. this way and fill them you always get gasing. There are
two approaches we use: either the.cell Shpuld be dryccharged
or we would form it at a very low rate;

There was no reéuirement to f£fill the cell fast. We
didn't care if i£ took a matter of minute§; it was not a'fast
requireﬁent. We would have plenty of time to form itlif this
was the way we wanted to go. |

fhe liﬁtle gadgets on the side are diffusion
membranes ﬁhich will diffuse the hydrogen and oxygen td a
lesser degree;Ahydrogen is fhe main gés we are concerned with
here. in this particular one we were goiﬁg to put it sack in
the tamk that we took the electrolyte out of.

In some cases the experimenters do not want any
out-gasing or gasiaround the satellite; but it was‘never really
decided whether we éhould do this but you could just let it
diffuse to the.vacuum-in space.

- (Slide.)
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This is what they had in mind at theitime. of
course, we haéeia main power squrce,RTG or solar arrainLthhtﬁe
conventional converter regulator and we would be supplying soﬁe

load during the flight. | ~

As we approach the planet or orbit the planet they
want the additional loads so this‘is when the cell will be
turned on as a primafy or 5 secondary; of course, we are goiﬁg
tobshqot'foéithe secondary. The voltage can actually go as low
as' 1 volt but the efficiency will go down to about 70 percent
if we go_that way. And the regulation on the outputter
converter is éélvolts plus or minus 1 percent.

The tank plus}the 300 ampere-hour cell gave us about |.
30 watt hours per pound if it was all foaméé;in together but we
cou;d.dq;about 35 watt hours per pound}if weAjust packaged the
tank and the cell separately in here.

We really didn't think we had-to foam this whole
thing initogéther.

e “ One pf the things is, I am a little bit concerned
about vibrating a cell of this type when it is dry. About a
year ago I had a cell vibrating with test electrodes. -
Aécordinq to‘the.delta launch vibration schedule, which isn't |
too bad»a vibration, to;tgll iou the truth -- nothing like the
m%l;tary doeg ~= and‘surprisingly enéugh,‘the-Teflonated
eleqtrodeé held up fair;y well, if we.do any more development

on:this we would have to have some way of holding that stack, I
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am pretty sure.

‘We. just built a'éouple of prototypes and since the
project is kind of -~ we éan't find it or it has gone away
some place ~- we don't intend to do anymore development of
this thing but I think the main thing is I wbul& want to let
you people know there is such a converter-regulator available
for single cell operation at fairly good efficiencies.

o | “Thank you.
(Applause.)

'B;LLEREECK: Do we have some queéticn now on Tom's
paper? : ' |

SULKES: (U.S. Army Electronics Command) Do you
have any idea of the cost of that regulator or what it could
be made for?

HENNIGAN: These ﬁave been built in house and it is
kind of hard to get your cost.- They did fly one on Nimbus.
That one was working at 3 vélts. I will make a quick guess.

I would say'something like $10,000 to make one or two. .

‘-BILLERBECK: Other questions?

GROSS: (Boeing) Just a minor point. I wondered
about this concept of separating hydrogen by diffusion and I
calculated it one time and I doubt now whether it operates
according to the square root of the eléctrode weight or the
electrode itseif, but in either case it turns out that you.still

diffuse out too much oxygen. You have to worry about oxygen
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diffusion also as well as hydrogen.

HENNiGAN: Well, we have done silver-zinc:.cells
without. overcharging at all and involved no oxygen during
the chaygé cycle. »

GROSS: Okay, you had low-enodgh oxygen; you didn't
have tg worry about it. |

HENNIGAN: What we would use is this technique wﬁere
wé senge thé current and whén it tapers down we drop the charge
to just above the open circuit, about 187; and we hé#e run
cells.qh for ét least a year with very little pressure buildup;
maybe 2 atméspheres»at the most over the whole time. And most.
of that is hydrogen, so we would lose a littlé bit of obxygen
but I doh't think that would Bother us over say six months'
time. | | ’

Now, we have used this diffusion method in‘a sealed
satellite where we had'é- silver zinc gells, fairly lérge
8ize up to 200 ampere-hours size, and we had to be careful-
that we didn't get water vapor into the satellite that would
affect the electronic instruments. 86 over each 6ne we had a

little diffusion membrane and did diffuse out oxygen. There

was another time that we did use charging these cells again

-at very low rate,

I think over six months we might have cycled ~--
what was it Charlie, about ten times? About ten times or so.

BILLERBECK: Other questions on this paper?
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All right, I think now Ernst Cohn Qould like to mak
a comment here‘at this point on another matter. :

COHN: NASA) This is a bit on the imbromptﬁ side;
but since it said new deQelopments for this_afternéan I thougﬁt

I wodlq mention it to you quickly that we are trying to

~develop something newly that was started about #-=!I::don®t.know

whether it was 15 or 25'years ago by Dr. White and his crew
at NRL =~ that is a non-gasing ni-cad cell. It should be
possible, according to hiﬁ, to build non~-gasing ni=cads in

which you are negative limited, where you. replace the nickel

screen with‘something that gives you a higher_hydrogen over-

voltage so that you can then use a voltage Setting if you have
a proper type of m#terial, use a voltage éontrol to cut off
the charge when the negative is fully charged, have en;ugh
excess positive so that you don'tvdevelop any oxygen and
thereby in_principle you should be able to build a non-gasing
ni-cad. |

The advanﬁages would be manifold that I can sece.
I haven't heard of any great digadvantage yet. I don't know

why nobody has really pursued the matter, but we are now going

-to try in a very modest way to go about tlis.

I talked to a number of people, including some of
the people here, about it, but I thought I'would use the forum
to mention it again and to mention also that Mr. Uchiyama of

JPL, who is sitting back there, is going to"handle the program

¥

23
=
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on very modest means,

Thank you.

BIllERBECk: Thank you,

Now, Gerrf, did you have.any comments before we take
our coffee break here?

HALPERT: (NASA) Yes, I would like to have slides
or Viewgraphs from people who have not turned them in to mé
80.we, can have’them,thtographed for-théproceedings.

BILLERBECK: Fine. I think that is very important
and it certainly willfgontribute tb,the quality of tﬁe papers
from this meeting if we can get all those slides. I think
thefe'were some vety,good 6nes;.

. Thank you. ..

‘(Recess.)

HALPERT : . To conclude the sessions for
todgy,.fhis last portion will be an open discussion.

I would like to ask if there are any subjeéts or

questions that people havé that they would like tp ask.the

group as a whoie and have peopie respond te.

Are there any areas you féel should be covered
additionally or that have not been covered thaﬁ they would like
to memtibh and get some résponse to?

Bill Nagle?

NAGLE: (NASA) I would like a discussion on‘the

causes of fading in the cadmium électrode. I have heard some
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some discussion of things that don't fade, but I still don't
know why we afé getting it.

HALPERT: 1Is there anybody who would like t§ open
the discussion on fading? Dr. Fleiécher? ~ '

FLEISCHER: I think as a starter Bill Nagle ought
to get up and give us a talk and show the cases where this
fading has been authenticated #nd the conditions under whicﬁ
the celis ﬁave operated, charge conditions, discharge condition
open circuit times, and then we will have a point at which we
could start talking about what is is we want to know about
fading.

NAGLE: (NASA, Lewis Research Center) As far as I
am concerned, it is still just a rumor that happened recently.

I haven't seen any examples of fading. I want to know where to

HALPERT: We have experienced some, to my knowledge;
I am not in on any.of the satellite projects but I am sure some
of our project people here have seen it.

I wondgr whether we could get a comment from --
Steve, would you like to say something?

GASTON: (Grumman) I don't have the data with me
showing the fading and I wasn't prepared for that, but I am
quite sure we can get the infofmation. It is available.

I don't think it is a rumor; it is a reality and it

does exist. The negative electrode does change in its

-
= g
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1| characteristics either as a function of age or:a function of

2| cycling and doésn't accept the charge anymore as it did befo:e.
3 . I think a study was.made under Goddard's sponsorship
4| looking at the crystalliﬁe.structuré of the cadmiuﬁ-hydroxide“
5| crystalline, that crystals certainly did change from a very

6| regular crystal to é verf ifregular, very thin crystal. I

7|l am quite convinced the negative electrode does change its

8 crystaliine'structure and I am also convinced that because of
.91 this change the capacity of.the negative electrode does change.
oy - HALPERT: Steve, do you care to say what the

i1l characteristics are, what do you see that indicates that the

12| negative is fading? What are the particular electrical |
13 ch#ractaristics_you see? |

14 GASTON: One thing you ‘definitely see is whén you
15| do charge the cell under an orbital regimé, you will note that
16| the charge acceptance to a specific voltage you potentially

17| charge =-- acceptanée is going to be lower, but if you charge
18] to a fixed input that you will see a higher voltage. We have
19| seen instances where,.basedAon.thé.auxiliary eléctrode signal,
20 ‘that we do have a VOItage rise but no ébrresponding rise in

21 the auxiliary electrode signal, showing that the cell is

22 | negative limiting. I should say indicating that the cell is

- 23| negative limiting.

24

| Reporters, Inc.
25 . And, of course, the second item on the low
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temperature overcharge which I showed yesterday, I see an
indication 6f change in the charge characteristic -- the over-
charge characteristics.

HALPERT: Just to clarify this, you say.you see a
higher voltage at the end of charge, is that what.you are
saying?

GASTON: On the overcharge characteristics, yesﬁ.

- HALPERT: This is a sepafate te§t, overcharge
characteristic?

GASTOﬁ: Separate from the normal characteristic; in
the normal charge characteristics you will see a rise in cell
voltage with no corresﬁonding risg in the -~ gignal voltage, l
and that is prettylmuch indicative'or~apparent that it is

negative limiting.

WILL: (G.E.) I would like to conginue ny pitch
of yestardaf. Apparently Dr. Nagle might not have beén here
yesterday. | |

There was also, of course; one of the leading talks
yesterday by Dr. Beauchamp from Bell Telephone that sﬁowed'very
nicely the performance which he called Qf'a commerciél plate
that'undoubtedly showed the-effects’pf loss of capacitf on |
cycling and he compared that very'nicely with the plates which

they have produced recently using the electrochemical impregna-

tion process.

So I think we ére, number one, dealing with a true
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~growth which also starts as early as in the very first

3¢9

effect and, number two, I would like to discuss mayke some of
the aspects ofhfading.

We have recently, under NASAbcontract,sponsorship
from NASA Research Center in Cleveland, performed ; study
which I mentioned yesterday very briefly in which we have
identified two major reasons for the loss of capacity on
continuous cycling.

Number one, there is undoubtedly a very large
increase of particle size which we find to exist espécially

at the larger temperatures. In fact, under the microscope

discharge.

At roomltemperature, in the microscope, under
magnification of 500X, we did not observe such particlé growth
in the first roughly ten to 20 cycles. However, if one
increases the resolution of this s;udy by taking the plates to

the scanning electron microscope, one does observe particle

discharge.

Noﬁ once these big particles ﬁave been formed, they
are very difficult to cycie; they are just too largé. They
are cadmium~hydroxide crystals. We have identified them as
such; they are very large in size. And it is sort of obvious
that with the slow ionic processes faking place in these large

crystals of‘gadhium-hydroxide, that it is very difficult to
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reduce them all the way through to cadmium.

Welﬁave observed these.big particles to just sit j
there in the electrode, maintain their size; if anythiﬁg, they
grow on cycling more and more; they don't participate in the )
cycling; they don't, therefore, contribute-to the capacity.

We have also identified a second reason ﬁor the
'fading and what I am hinting, tﬁérefore, is thaﬁ there is no
simple énswer ﬁo this complex question. |

We are not dealing with one simple phenomenon; we
are rather Qealihg with many,different phénomena superimposed.
It will depend on the particular cycling regime one uses,
things very pertinent which Dr. Fleischer brought up a momgnt
ago. It dépends on how long one keeps the electrode on open

~circuit,what the cycling regime is, whether one 6vercharges or
overdischarges. All of these factors.play_a'éignificant role
as:to what fading mechansim might exist. |

Now to' the second point I wanted to make, éhe.
secoﬁd reason for. the failure we identified is ﬁhe forﬁation of
passive films. These films show a brown color. One should not
canfuse that with cadmium-oxide, however, because we have found
these brown films to resist}reductioﬁ. Wﬁile, on the other |
hand it is very well known that cadmium~oxide, thé brc;n
cadmium-oxide, can readily be reduced to cadmium.

It is most likely that these brown films consist of

cadmium~hydroxide which contains a high concentration of defects
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which act as color centers and produce the brown colox. 1It
is these defeéé-rich hydroxides which are passive,‘because.
most likely their ionic conductivity is low. |

- As I also said in my pitch yesterday, séme of'theﬁé'
things I have said now will be published in a NASA report
fofthcoming in the nekt few months.
| HALPERT: Jim Dunlop, COMSAT.

bUNLOP: (COMSAT) I also think we are covering tﬁis

subject pretty thoroughly but I woqld like to add that

yesterday morning I presented a paper describing results on

the IntelSa£f4 Program where we made an attempt to analyze
cells at different stages in a test program, from the time tha;‘
we received the cell from the ceil'manufacturer up to one year
later in the test program.

. Let me give you the results that we have, briefly,
and then I want to make some comments with respect to what was
just said.

Before, as we received the testg, that is before
we did any cycling, we were able to obtain about 80 percent

utilization of the cadmium electrode. After we ran‘30 cycles

of burn in, we took three ceclls, we got'72Apercent utilization |

That was the utilization after 30 cycles with an
80 percent depth of diacharge, charging back at a C over 10

rate, discharging at a C over 2 rate, charging it for 16 hours,
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discharging it for 1.2 hours,

Weléhen put this cell into a real fine test program
whefe we ran it throuéh an eclipse operation with a varied
depth of'discharge each daj, a variéd profile each‘day, and
then went into a storage_mode. After oné‘year of testing, we
took two cells out an& one cell had 70 perceﬁt utilization,
the other had 70.5.

So there was a gradual decrease in the utilization
of the_negative electrode as a function of time.

The second point here is, the utilization of this
material was interesting in what paﬁt of it we were utilizing, !
where we limited it on charge or where we limited ii on |
discharge. 1Initially, when we first feceived these cells, .
when we completely discharged the cell electrically, electro-u
chemically, we completely dischérged it at a useful rate and
then go through a chemical analysis because we find there is
8till metallic cadmium remaining in thét plate which cannot be
discharged.’ |

We also find that when:we;try and charge this same
plate in a'flooded‘condition and then go back and coﬁpare it to
the chemical ﬁheoretical capacity, that wé'cannotlfully charge I
this cell; 'this is somewhat in agreement with what was just
said, that‘thereais somelcadmiuh hydroxide here which cannot
be charged. And it'turns~out>that=with'cycling~it-seems that

the ameunt of cadmium hydroxide that cannot be charged is what
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is increasing or causing the loss in utilizatiﬁn, that the
amount of metéiiic cadmium remaining in the plate is actualiy
diminishing with time.
| HALPERT: Dr. Weininger?
WEININGER: (G.E.) I don't think anybody defined

fading with a simple sentence. I want to ask whether I am

regative ca@acity. Am I right or am I wrong?

If I assume to be right, then I will continue
because if you -~ |

VOICE: Not really.

WEININGER: Okay. If I am wrong I want you to tell
me, please.

HALPERT: Does anyone want to answer that?

DUNLOP: (COMSAT) The point I just made is that at
the beginning of the cycling there was metallic qadmium in that
plate that we could.not discharge initially that‘with cycling
we were able to discharge. |

HALPERT: Dr. Fleischer.
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FLEISCHER: I ran discharge tests on negative plateéi'

in a fully flooded condition under many conditions of charge

and discharge. For example, on the regime of low rate chargingl

say 20 hour charging, with 100 percent owercharge, and the
rate at which you lose capacity is a function of discharge |
rate agd usually on sintered plates there was an intermediate
rate at‘which it was the méximum. |
And this depends on the thickness of the plate. On

80 mill rlates it happenedlaf the maximum loss of capaeity Qas
at the one-hour rate which was higher than at a 5-hour rate
or ;; a l0-minute rate.

| ;f yo§ carry thdse'plates down to the point where yo
only'ﬁ;ve 20 percent of their original capacity, you could
bring the capacity back by éiving them a higher‘rate charge, in
stead of charging them at overnight, say‘lS hquré, with 100
or 200 percent exceés.over capacity, you'charge thenm in three
hours at the same input, now you would find that the capacity
starﬁed to come back up. So I cannot agree that it is
irreversible in the sense thaﬁ you cannot get‘it back somehow;
but in a battery you would have great difficulty in carrying

out this reconditioning to get to the same condition,

WEININGER: That,reallyianswera most of my point,

1 2]
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- the mechanisms leading to these changes have until recently
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namely, that I was particularly interested in the irreversible
aspect; It i£ is reversible or if it changes as Fritz said
by a change in crystal size or as Dick Beauchamp yesterday
discussed as a possible mechanism of closiﬁg pore éize. This ‘
is just a fedistributiqn of cadmium. | |

' What I was really t:ying to allude to was that we
have in the literature back five or ten years lots of exampies
where péoplé have found just exactly that redistribution and
if you have any particular changes due to C rate, well, that
is a different story and I will agree that the mechanism of
that hasn't‘beeﬁ fully explored.
But just the decay of capacity, that can very
simply be explained by'the'redistribution of the the material.

| Thank you. |
'WILL: (G:E,) Since I have this in my hand anyway -
(Laughter.)

WILL: -~ I completely agree with Dr. Fleischer that

one ought to distinguish between irreversible and réyersible

under proper conditions can be put back into the plate.
Now, the redistribution that Dr. Weininger mentioned|

has been observed quite early. This is quite  true. However,

been completely unknown.

We all know‘that cadmium is soluble; we know that
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solubility increases sharply, with increasing KOH concentratién
and with incréésing temperature, and we have recently in this
NASA study shown beyond any.doﬁbt that cadmium does grbw into
soiution, then can obviously leave the plate and ié has been
known, .of course, that -~ it then bacomes deposited into the
separator and can give a lot of trouble.

With regard to the meqhanisﬁ; the onl& thing I
wanted to aad on now is the significance of changes of pH in
the battery plate itself;.and}it is those particular pH
gradient3>with which we have dealt a lot at G.E. in the past
few years. | |

Thefe is something very peculiar about it in that
on dischargé, of course, we are.consuming hydroxyl:ionsiintthe
plate and we.:also:know éhat at lower pH cadmiate is less ‘
soluble, so.we_are bo@nd to précipitate, we are bound to over-
saturate and precipitate; and the large cryétals which I
mentioned to be formed in the very first discharge are in fact
formea as a conéequence of the formation of low pH in the

plate and consequent!precipitation due to supersaturation, and

On prplonged charging one does -just the cpposite; I
one raises.the pH, the éd(cm)icrystals can redissolve as
cadmiaﬁe ionsland we have shown in several experiments ;hat
we are then dealing with an eiedtrodeposition, simply'éA(OH)3-

- is being discharged to get metallic cadmium and that is
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-forming the material the cadmium has agglomerated into a kiﬂd

of sponge which has practically no discharge capacity -- you

of it -- but the minute you add iron-oxide you have changed
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the mechanism which makes additional capacity on prnlonged
charging avallable again, |

Summing it up, this laét pcint, on prolonged
charging one is producing higher pH, that favors tﬁe dissolutic
of - cadmium ﬁydfoxide crystals -- that is a slow process ~- and
if one does it long enough then one can electrodeposit
cqthodicallytthe cadmium ions back to cadmium.

ﬁALPERT: Dr. Fleischex?

fFLEISCHER: (Consultdnt)le would like to add some
mgggppcints to our discussioﬁ about this subject.

ﬁe<will go over to pccket-type plates for a minute,
and here the'active material is a mixture of cadmium-oxide and
iron-oxide, iron-oxides in varioug!fqrms. One of the favorite

ones to use is a composition of magnetite having some water

If you look at the pocketmtype plate without any

g

iroq-oxide add;txon you will £ind within one or two cycles of

Just don t seem to hcve a way of getting a discharge going out

v_ﬁ.u.

the whole mechanisnm of whatéver -is’going dni 'No oné hds réally

s

expldinéd what happens by adding iron-oxide to cadmium.
It is also true that no matter what battery systea

You look at, you have to have what we call an - exapnder.

!
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Probably -half.of  the problems with lead acid batteries
are due to thé-fact that your expander has lost its initial
stage of distribution or you have used the wrong one or you have
done something with the expander that isn't right.‘ But you use
it in practically every case. The only éne I don't know of -=-
well, Dr. Lander at Wright-Patterson has introduced Emulpho«i-
gene as an expander for the zinc electrode but their probléms
hévg-to;dolwith-the'soluble nature of the zinc.

But here everybody is building, as far &é I know,
cadnmium electrodes without expanders and we have this whole
background Qf experience saying, well, you had better get an
expander of some kind in here or the cadmium will agglomerate.

| In this particular case I wanted to bfing ocut that
the problem is not in the cadmium-hydroxide but actually in
the .state of agglomeration of the metallic cadmium.'

So I will just add that the éxpan&ers that work

exceedingly well for cadmium are celluylose derivitives which

they'are oxidized to carbonate.

I might also say that oxidized cellulose is
manufactured by Tennessee. Eastman. Kodak by oxidizing cellulosei
with Néod produces a compound-which will bring back almost any
cadmium plate. If you add it to the electrolyte and cycle it
you will bring back the_capacity in a very few cycles.

The other expander is indium, 'the addition of a




:3 ,Zﬁ, :&il amount of indium to cadmium; indium beingﬁonly slightly
. %E;?%iuble in cadmium metal, will act as an expander and probably
3| a very practical one because it inc;eases the low temperature
4| pefformance of the cadmiﬁm electrode. However, thé amount of.‘
5| work that has been done on indium addition to cadmium electrodes
6l is very.small.
7 | We don't know what it will do in a restricted
. gﬁ eléctxolyée.cell; we don't know what it will do'in various
e %;;igmpgratures; we aétually know very liﬁtle of the mechansim of
- :,13' its behavior.
1{ CARR: (Eag;e Picher) Not everYbody doesn't use
. 12| expanders in the negative, Dr. Fleischer. In nickel cadmium.
;*;Qxiiigg .~ - I would like to go back to some of the discussion,
14| or to go on with a little bit of the discussion. As I under-
;riﬁ stopd what was said, we can form large inactive crystals of
) 16| cadmium-hydroxide and we at Eagle-Picher found this also in the
171l work on the failed cells that‘ had been ‘subjected to many, many
18 .cycles.
19 The cycle data which I presented those cells had
20| large inactive cr§stals which Qe identified aé cadmium-hydroxide
21| with a trace of c;dmium-carbonate.
22 ‘I cannot quite understand, since there are substantig
23| quantities of carbonate present in the electrolyte in these
‘a4t cells, or there Qas,~that there was not more cadmium carbonate.
Nmem;gg I don'ﬁ know if that comes'into play with the brown layer that

409
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you were talking about or not.
I would like to ask a couple of questions. First

of all, can you detect any redistribution of negative material;

can you tell if it is moving from the inside of the plate to

the outside areas, which is what we would suspect. And then
further on this, I infer that if you have this ana we gb to a
long-term low-rate charge, we can get it back. I would liké to
know if'anyohe has done any failure work on the phenomena which
we have discussgd yesterday modly.on long-term trickle charging
makes capacity less available and séems to be irreversible.
WEININGER: (G.E.) I can answer only-a very small
part of your question but I.am awfully happy you asked that onc.
I will try to be very modest about this thing but
these-pink-booklets there that Gerry Halpert has éssembled
shows one particular reference ébout five or six ye#rsaago

when Eric Lifehin and I took one of the very first Crane

- series . of tests, in Daytdn, and have taken these plates, the

same material, and. done electron scanning, X-ray scanning, of
the plates and showed how through a number  of cycles, the

temperatpfe and depth>of‘diséharge‘theacadmium.was»moving from

the:ingside to the outsidée

- There were also other methods involved; X-ray
transmission and the metallographic as well, so as far as the
cadmium is concerned, it moves from inside to outside.

Thank you.
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GROSS: (Boeing) I wanted to ask Fritz will a
question about the effects of pH changes on the movement,
migration of cadmium due to solubility. First, I wanted to
point out what is already well known} that thg solﬁbility of
the cadmium species in addition to being dependent upon pH and
temperature is also vety highly dependent on concentration of
carbonates; so it is quite obvibus when you look at the
solubility chart of this that you want to minimize carbhonate
in order to minimize solubility.

One question that comes to my mind is the effects
of temperature cycling on the d;ssolution—precipitation
sequence. You would expect a larger temperatures on discharge '
than on charge, and?I am curious what he has found that this
might do to!the precipitation mechanism.

The 6ther question I wanted to ask was on the use of
cellulose. I understand that most manufacturers do use
cellulose in tﬁeix negatives. I don't know if it isg justified
or not but my question is to the-hanufacturersz Do they use
cellulose in their prbducts? I would like to hear from them.

CARR: kEagle Picher) No.

HALPERT: Any comments.

RAMPELL: = (G.E.) No.

VOICE: Gulton Indusfries, No.

HALPERT: Gulton Industries says no.

I might make the comment here that that one point
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- scope stage; furthermdxe, we are dealing with single crystals o

‘fit into those single crystals.

.of charge and discharge.

412
that Dr. Fleischer mentioned ironoxide and of the cells that

we have seen some of this fading in, I mentioned specifically

I am more familiar with the OAO cells which are made with plates

that have a nickglvplated steel gridvin the centex and that

nickel-plate notnalways:protects the steel as well as one might

would be the type of iron-oxida.ghat we are talking about,
this is'my question? |

WILL? (G.E.) This is in answer to the.first
questién from the,gentle@an Sack there -- the brown color in

our experiments cannot be associated with the formation of

carbonate. We-carefully excluded carbonate by suing nitrogen l

flushing through a polyethylene bag surrounding our micro-
cadmium-hydroxide and I don't quite see how carbonate would.

The brown color was n6£ associated’certainly with
these big crystals. |

Temperaturg cycling on charge and discharge, as far
as ‘I understood your'Question, you are not proposing to control
the tempefature from the outside but rather you'are talking

about a temperature change which comes about through the proces

.Well, we have not looked_into that effect. I would

suspect those temperature changes, under the small-current

e .
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conditions that we are using in our experiments, that these
temperature cﬁaﬁggs would be very small and I would not think
that wa are dealing’with effects due to these small temperature
changes’ |

GROSS : (Boeing). Not in youriexperiment but what ‘
we mighé expect in experiments with real cells wﬁich do.show
the large temperature variations. |

WILL:< (G.E.) One word én the expanders. As eérly

as 1910, Grube has done a careful study of the effect of Fe,03

as well as Fej04 on the capacity and cycling of cadmium plates

and found bdth of them to bg beneficial in preventing the loss
of capacity on cycling. .He‘foﬁnd thét'the Fe203 participates
in the cycling while the Fe30, ié inért as far as the cycling
is concerned aﬁd sits there and preventé the fa&ingv probably
by acting as nﬁclei for the‘soiﬁble cadmiate species.

Sovfaf for the speculatioh éf Grube on the mechanism
inveolved in the facts he found. |

Later.on Otto Wagner, chCOurse, at Fort Monmouth
only a few years ago, did a very careful study'of the effects
of Fe203 on the fading of cadmium plates.

| .SULKES: (Army Electronics Command} With regard to

the study of the iron-oxide, it certainly was very bheneficial
to the cadmium plate} however, the nickel~cadmium cells
lowered the oxygen voltagé on the nickel and, in effect, in

that type of cell it was not beneficial, whereas it was in a
' cadmium
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- cadmium eieetrodes; these were battery electrodes now in which
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air type, so that material alone is not good. There are other
materidls‘whiehimay not have that effect ahd wiilihave the
expanqu properties.

| I would like to make one comment to Dr. %&11. In
your stddiee, this was probably very‘whatvwe call clean |

conditiging on your cadmium whereas in your normal cell we do

have an expander property and in your pasted cadmxum plates
and silncad, let's call it the gunk that comes from the
celiophane does have expanded properties and your fading is
not as rapid.

HALPERT: Maurer, Bell ﬁabs.

MAURER: (Bell) A comment on the temperature

effect. Utaka Okinaka presented a paper a few years ago on

he discharged and charged the electrodes at different £empera-
tures end at ‘different rates and-looked at them with the optical
microscope. And he showed pictures of the cadmium-hydroxide

crystals and effects are what one mlght predlct if one would

try to grow crystals;.sriowfrates and high temperatures on dle;
charge, tend to form large cadmium-hydroxide crystals-’/and high l
rates and 1°W temperatures tend to form small ones.. So any |
type of temperature cycling and rates in this line would tend

to form small crystals would be beneficial. In satellite work

where you are talking‘about temperatures of 32 degrees F. and
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‘fairly high rate discharges, the tendenay would be to form

_where you are talking about charging up some of these crystals

-and getting the dissolution mechanism to move material-about,

'reaction because in that state of charge the electrode cannot

“in commenting on Cohn's paper earlier of the negative limited

‘cell, we may want it to fade, it may become negative limited,

415 -

small crystals. This is only part of the picture, however.

You still have the long-term trickle charge, for example,

you stiil have to provide the other half of the electrochemical

change-whilé you are on overcharge aﬁd that other half turns
out ts be the oxygen attack on the metailic cadmium that I~
spoke about yesterday. |

GROSS: (Boeing) I would like to repeat again,
howeygr, that since in real cells the solubiiity is s0 temper:
ture dependent and since the temperature does cycle in real
cells, that this does étill femain an open, unanswered question
in my mind at least.

STEINHAUER: (Hughes) We talk about expanders and
we talk about this fading problem, but what happens whén we do
everything we can and'we still get it? | |

(Laﬁghter.)

STEINHAUER: Is the onl&.mechanism getting the

highér hydrades of the cadmium back into solution? Second,

but there must be a limit. What about a cell that is positive

limited on charge and negative limited on discharge? We would




3rs 65

10
"

12

13
14
15

16

17

18

19

© 20
21
22

23

24

2ral Heporters, inc.

25

‘Bell System applications; however, in the Bell System we have

- charging circuit, it voltage will_go'right on up to the hydrogen

-evolution pbtential, whatever that happens to be, s0 you will
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be interested.
HALPERT: Any comment there?

MAURER: I had a comment on Cohn's comment initially}

(A), you can make the hydrogen overvoltage in the cadmium

e

electrpde higher by treating it with mercury. This was reportes
on by ﬁottlieb a few Years ago. That raises the hydrogen over-
voltage and give you the effect that you are interested in.

We have thought about this type of approach for the

tq be money conscious to provide this type of operation without
raising your telephone bill.

The problem is in cha:ging a cell of this type in
a battéry, it is very easy to charge it singly, limit the
voitage to 1.6 or 1.5 or wherever you happen to want it. When
ydu put this same thing in.the battery, when you put a constant]
voltage limit on it, there is bound to be a cell with lower
capacity that gets chatged up firstvand when it reaches full
charge the voltage goes up and if it is a battery with a lot of

cells in it, its reaching full charge is not detected in the

geﬁ gasing in one cell's battery on charge unless the cells
are perfectly matched.
The way around.this problem is to simply charge the

cells in parallel and provide an electronic switching
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circuitry suitable for changing them from charge mode to dis-
charge mode ‘in series. And for aerospacé appligations I would
think this would be practical, especially with integrated
circuits.

In Bell System service it is éather impractical,
I think.

DUNLOP: (COMSAT) Was‘the-question answered on
what the effect of carbon, the buildup of carbnnate is on
the pdsitive plate for in general what it is in the cell?

I didn't really understand the answer if it was

given. If somebody speculated on that. What happens in the

WILL: (G.E.) I would only like to comment on the
effects of carbonates on the cadmium plate which has been well
documented. The carbonate'additions to the COH grossly increase
the solubility of cadmiate ions.in solution and thereby grossly

exaggerate the phenomenon of fading as demonstrated by Wagner

DUNLOP: I guess my question really was, wiﬁh respect
to the cbmment that carbonate, where he said that he would have
expected with the amount of carbonate builduplthat he had in |
the electrolyte, tﬁat he would'have expected to see a larger
amount of cardmium carbonatevin the cardmium electrode.

I think the other question I really would ask would

be directed to Dr. Reed, and that is, what was the effect in
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1 his test program?
2 GROSS: I would mention that Krogerl has recently
3 ‘published a paper indicating some effects of carbonate on the
4 positive; however, it was somewhat qualitétive and "the
5 conclusions were not qgite clear td me, complicated by the
6 fact that they wereﬁ't clear enough for ﬁe to remember them.
7 I will turn it over to Reed.
8 REED: (Battelle) To Qnswer Dunlop's question about
9 the effects of carbonate.on the positive, we have done some
10 short ﬁumber of experiments in which we cycled some small:
n positive electrodes in KOH in which Qarioﬁs amounts of
12 carbonate were added, keeping the pptassium ion concentratibn l.
13 constant so as to simulate the increase in carbonate
14| formation in sealed cell electrolyte. |
15 We found that_theicharge potential of thé positiﬁe
16 increases, éoes up toward the potgntiaIS‘at which you'woﬁld
7 expect oxygen to be involved much»more rapidly in electreclytes
“18 in which there 'is a high degiee of carbonation, say éeveral
' 19 hundred'jrams per liter; and when you have pure 30 perceng
o - KOH. And likewise the discha;ge voltage is lower.
'éi I say we aid just a smail amount of work on this.
22 More recently there has been a papér published by General
23 Electric pe;sonngl ‘== I do not recall al% of the authors; one
04 of them was baétoti@ from Gainesville. This was presented at
?wmwur;g the-Brlgﬁtcu;Conference several montﬁs ago and‘there are pre-
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prints of it ayailable; some people here, I believe, have
them, I have seen this paper and they did a similar experiment
except they used sealed cells with reference electrodes in
them. \They found that when the electrolyte had a large degree
of carbonate the cell voltage on charge did increase repidly
similar ﬁo what we found;:;in folloﬁing the electrode, single .
electrode potential versus the reference electrode in their
celle, ﬁhey found that most of this increase in ce;l potentia}
was at the pcsitiﬁe electrode and }ikewise the dec;ease in
cell potential on discharge also occurred et the postive
eiectiode- | |

- He pointed out, however, that since thei:_cells had
a lerga excess of negative capacity, they could‘nop"make any
definitive stateﬁents about the effect of carbonate at the
negatiye in.the:short;term eycling~that they did.

GROSS: (Boeing) That was the paper I was referring
to. The specific point‘thet-was ambiguous was the fact that
carbonate ievels investigated in whieh ﬁhese conclusions were
drawn were extremely high, and would not necessarily be valid
in the lower carbonate concentrations we might expect in well .
made cells.

REED: (Battelle) I am not so sure that: in the past
at least we have not fund these high carbonate concentrations
in cells. A number of cells that we have had on test at Wright

Patterson when analyzed we found that as much as 50 equivalent
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percent of the KOH had been converted to carbonate.

. fMAURER: (Bell) ' I agree wiﬁh Reed, since in the
sealed cell there is very liﬁited guantity of electrolyte;
you don't need very much carbonate ﬁo achieve a very high
pexcentage in the electrolyte.

| Physically, in the charaeteristics of the cell, if
you jusg look at a cell, no reference electrodes or an&thing,
the firgt evidence of carbonate many ﬁimes shows up as so-
called carbonate step in the discharge plateau. The discharge
proceeds in a normal fashion, you get a semi-need and then
anothei lower voltage plateau.. Many times this is as low as
8/10ths of a volt.

| There is some}question in my mind that carbonate
itself causes the higher charge voltage aﬁd lower discharée
voltage.that_is observed. Part of this at least can be
explained bf the lower pH of the}electrolyte.- You have
converted a substantial fraction of the OH ions effectively
into C0O3 ions so the pH drops end youAget in effect a cell
with oné~normal~KOH'instead.of 7 normai'KOH.

' Anothee’effect was described by, I_believe, Turner
and ‘Okinaka a while back, a few yéafs back.- Carbonate in the
electrolyte tends to cause corrosion of the nickel substrate
ofth'the'boeitive'electroderaﬁd-so*operation~with large amounts
of overeharge wou;d tend to corrode the positive electrode.

- The firat effect you see ig an increasing capacity
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carbonate, but the same thing can happen in a sealed cell where

“with: - One-is the‘charge:voltagé prior to going into overchérge

‘understand you to say that the double plateau effect that we

-see on cells, practically all aerospace cells with extended
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and eventual drop in capacity because the plate\falls apart. |
HALQERT: You are talking aboﬁt the carbonate

coming in with the electrolyte, not as part of a separate

degradation. | | .

' MAURER: In Turner's work he deliberately added

the carbonate comes from the separator degradation;

Another effect is the freezing point of carbonate-
KOH mixtures is, of course, higher, and so for low temperature
performance presence of carbo§ate causes problems.

FEbYD: A point td be clarified. I think maybe Dr.
Reed canfclarify this. | |

| ﬁhen'you say that the charge voltage as it increases

it has been my experience'that when youvtalk about charge

voltage you have two very distinctivé regions to be concerned

The- other is the overcharge voltage itself at whatever
constant current you may be charging which is usually at a
fairly low rate.

Which one or are you‘talk;ng about both of these
voltages increasing?

The second point,.addressed to Dr. Maurer, did I

cycling, iS'dﬁe to carbonate?
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REED: (Battelle) The portion of the charge
voltage curveiﬁhich-I-am referring to starts.out immediately
‘and rises rather than remaining fairly flat with a slow increase
in potgntial until mﬁst of the posﬁiva isicharged énd,
likewise, the curves at General Elecﬁric show almost an
immediate increse in charge potential. '

MAURER: (Beil Labs) Part of this effect is due;
also, I fofgot to mention,ito the fact that carbonate and KOH
mixtu:és have a higher impedence than a set of normal KOH,
so yoﬁ see a hiéher charge voltageAsimply because the IR drop
.in the cells is higher and consequentiy on discharge a
suppression. |

Whether all of the second plateaus on aerdséace
cells ére a carbonate efffect or nof,'I wouldn't é&re to
mention sinqe I haven‘t looked'at them peréonally. It is very
likely that that could be part of the'ﬁroblem..

There are.othereffects that can cause voltage
fchanges).

'REED:“(Battelle) Regarding the increase electrolyte
resistance in KOH-carbonate mixtures, the increase in cell and
single electrode potential is much-greater than one could account
for simply on the basis of IR losa}‘furtherﬁore,vif it were
simply that it should not show up when you do measure it against
the reference:electrode_and the increase in single electrode

potential versus the reference electrode is almost identical to
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that of the increase of cell voltage when the electrolyte has
a high carbonéie concentration.

' HALPERT: It has been-decided a long time ago that
carbonate is not very good for thaicell, at least it causes
problems and depending upon how much carbonate in there you
want to increase your pre-charge, if I may say that word at
'this time, to that much greater extent.

.DUNLOP: (coMsaT) Why do you say that? Pre-charge?

HALPERT: Yes. |

DUNLé?: Pre-charge will increase?

ﬁALPERT: Yes, I said pre-charge.

punLop: I don't think you mean that. I haven't
heard anything yet so far that indicated that thé problem would
be soclved by inéreasing the-pre—charge.

ﬁALPERT: I was referring to not only the loss of
capacity  on either electrode; particularly the negative, but
also i didn't get a chance to continue saying that we had had
a fading of the negative also in which we would have to
iﬁcreaée our pré-gharge.

DUNLOP: The 6n1y reason I jump on that is that
the comment "pre-charge" has been used a number of times
through this discuésion and why do you ﬁre;charge? It seems
to me that almost all the comments that have been made about
fading have dealt with some form of eithér large cadmium-

hydroxide crystals being formed which could not be charged or
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our feeling too that the pre-charge should be kept low rather

than high.

-get back to the negative fading, and what I really wanted to
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some some problem with carbonate causing a loss of the use of
the material.. - |

Our: experience has been that if anything, we are
able to utilize more of ﬁhe pre-charge with time. ‘The part
that wé are losing on our cells with time is not pre-charge.
We are ‘actually able té discharge more of that pre-charge at
usefulirate after one and a half or two years than we'were
after the first 30 cycles, where Qe were not able to utilize
the matmriai is in the discharge state; we are not able to
chargé‘ﬁt. |

I think this is a rather interesting point, although
I haven't really said very much'about it,‘and I think I am a _‘
little bit confused hére as to why._ My only understandiqg~now
as to.whf Qe usé a large amount of pre-charge is either éo-
reduce the pressure of‘the'gasbwe.build up or else to allowyus
to dischafgé a£ high rate or at low temperature but it doesn't
seem to heip our cells very much in terms of either_carbonate
buildup or in terms of the»fadiné effect.‘

GASTON: (Grumman) I agree with Jim Dunlep, it is

HALPERT: I guess I should not-have brought the

pre-charge in at this particular time, I was really trying to

determine at this particular point was what we can do about the
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negative fading.

We have heard some talk about expanders. Have
expanders been used on the type of cells that are gsed in the
semi-dry or seni-wet type'of cells; and has it helped?

- Secondly, WQ know that continuous cycling has

caused us to see a loss of capacity on the negative, it seems

"to me, only when we are continuously cycling.

What happens if we do rest? 1Is there a lqss of th
or is there a -fading ofvthe negative when we ao have rest
between cyclés? AIs it something we are.élways going to be
stuck with or can we do somethiﬁg about it?.

May I have some comments with regard to that?
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of the electrolyte caused by the carbonation. These three go

‘together to-give you this peculiar effect.

- was that the process of overcharging tends to oxidize any
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MAURER: (Bell Labs) I have several comnents, that
h;ve been piling up here.

One, I agrée with Reed that the resistance to the
electrolyte will not account for all of the voltage increase
on charge but the voltége increase in charge consists of
several parts, one of which is resistance to the electrolyte,
one of which is an increase in voltage of the positive electrodp

itself... Another part is the simple effect of the lower pH

On. Dunlop's. comment, what I tried to show yesterday |

cadmium metals present, whether it be the inactive, electro-:
chemically inactive material. or the pre-charge, or, of course/
the working cadmium and produce cadmium-hydroxide part of
which may be a&five and part of which may be inactive for
various reasons that we have discussed here.

Pritz:tends to favor large crystalé. I agree that
that is one process. The other process is simple isolation
of the material from any conductor. that is effectively close‘
enough, If you charged atlperhaps extremely.low rates for
extremely long times, you may be able to reach some of this
material.,

So I think that pre-chaxge is still neceséary in
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electrodes of this design:.to keep the balance of tha working

electrbde in the useful range and that it need be present for

‘that reason only.

Oxygen recombination is improved with pée-charge
but yoy can improve it by other techhiques as well which we
hope to have the paper from the labs describing in the not too
distang*future.

fhe carbonate effect itself comes in in avnumber‘of
ways;';One are these voltage effects we have been talking
about in théApléteau.- I don't think the carbonate per ée is
responsiblerfor‘the.fading} It is the catalyst that increases
the rate of féding; it provides a mechanism for dissolution ana
reprécipitation of the active material, so that with carbonate
the eadmium-hfdroxide is morxe soluble than let's saj the
cadmium specie is more soluble and hence can move around faster

It itself is nbt_responsblevfor the fading.

CARR: (Eagle Eiche;{. I would like to ask a
question aghin;'-That is, in the digcussions'regarding long-~-

term like six months trickle charging even at low rates we have

heard  that this permanently reduces capacity. Has this been.

attributed to positive or negative?

- HALPERT: Does anybody want to answer that?

DUNLOP: (COMSAT) . I might make one comment. Our

-

i
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-are familiar, when you overcharge a cell at low tem?erature
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results show that you can recover, if you are friékle chargiﬁg
for lony periods of time, if you ga through completa discharée
at a high rate, fairly rate, on the following cyclga you
will have recovered most of -- you don't lose ampere~hours,
you Qean to lose voltage. This is what is indicative of our
test repults and this is recoverable by reconditioning.

| CARR: (Eagle Picher)' If Don Mains ié here, he
réported also that they showed loss. I was wondering if he
had more daté?

FORD:‘ NASA-Go@dafd) I agree with Jim that it is
not a capacity -- ampere-hour capacity loss, but'you are
dealing with a watt loss per unit time or watt-hour loss and
this is because you observe a lower voltage characteristic
initiélly on discharge and you also get a second plateau about
105 to 108 volts and we have seen as much as 60 percent of the
actual capacity on a Gulton 12 ampere-hour cell.

We actually obtained 15 ampere-hours of capacity
out of this.céll after over 18 months of trickle ch;rge; but
over GO'percent of that capacity was obtained below 1.1 volt.

_One other comment: Steve Gaston yestefday showed

some trenddin overcharge voltage characteristics. We are |

at low rates you get at normal charge voltage a peak voltage

and you get é plateau woltage. One of the things wa are
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‘we had- cell voltages as high as 162 with a C over 40 overcharge
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observing now is the fifst.obvious chénge in the ovexcharge
characteristicé is the peék. You will, typically, on a new
cell,\referring to a 20 ampere~hour type cell, see a peak
early jn life of about 150 to 151 with a plateau v&ltage
after four or five hours of overcharge of about 149 to.148.5.
But you see, and we have seen this within six
months,‘that the peak voltage will to about 154 or 155
indicaﬁing‘the peak voltage has changed as much as 60 to 70
milli*olts; whereas, the plateau voltage which, again, out in

the overcharge region has only changed about 10 millivolts.

When you observe this over a period of time, if you |

continue to look for this throughrperiodic overchafges of 4
to- 6 hours, what we normally run, you see that the plateau
voltage then starts rising and eventually you get to a point
where you peak the voltage ;nd you donft see a plateau. And

at this point is when we have observed that you begin to get
I have-seen'the contrary to this on one test where

at zero and we stajed there for 8 hours and never got any
hydrogeh.

HALPERT: Ed, do you want to answer tha#?

GASTON: (Grumman) I just want to extend myyv
yesterday's paper on the effect of aging. The only chanée in

the whole 750 days which we'have'aeen in characteristics are

i
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profiles are the same, I certainly dén‘t see the double
plateaﬁ effect which shows the presence of carbonate,

I just wanted to mention that.

HALPERT: On the same subject? Gross?

GROSS: (Boeing) Eérl Carr asked a question on the
effects of trickle charging on the posiéive. There is a well-
documeqﬁed test information in the literature showing that you
can get‘definite positive electrode degredation with trickle
charge.

It is also well knowﬁ that trickle charge,
especially if the rates are high, can contribute t§ flaking
off and blistering of those positive electrodes. In additién
there is a mechanism of a higher valence which can ke obtained
which 15 available as a capacity but only at very low discharge
rates. |

CARR: E;gle Picher) Again, going into this
situation Qhere, -- I am concerned about this irreversible
or not irreversible =~-

HALPERT: . Temporary reversible --

"CARR: Maybe, I am serious. This is interesting l
because based on what we have discussed here, it seems to me
that we can get the capacity back; for example, if we are

concerned with large crystals of inactive cadmium-hydroxide,

we go to a long-term, low-rate trickle charge. Now if we have
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V| capacity loss dus ~ long-term trickle charge, we go to a

2| conditioning procedure of ”‘ﬂi8Chizﬁﬁ;ﬁﬁﬁg—éfg\fighfséiggg”
3| rates. '

4 I cannot rercuber reading where anybody'has done

5[ this. yaybe truly We_gan recondition these batteries.

6 DUNLAP: Just one quick comment. There is this

7| carbonaye buildup probably enhanced by trickle charge. This
8/l is all I want to say.

9 . (Laughter.)

10 HALPERT: Okay. I have got to.give Ed his chance.
11 : MC HENRY: (Bell Labs) On the subject of the

12| capacity fading and the material that you cannot charge back
13 up'oi'can'discharge, I found that if you make a powdered

14 cadmium electrode, it has not capacity at all. You havé

15 .finelyAdiQided cadmium powder but you cannot discharge it.

16 If you make cadmium-oxide élebtrodes, you can

17| charge it up with 100 percent efficiency, but when you try

18 to discharge it you only get_abbut 80 percent back.

19 _ "~ Now, iﬁ seemgs to me that you are stuck‘with some

20 cadmium &ou'can;t dischage. I alsc have taken these things

21 and dissolved them in dilute su&fufic acid which very rapidly j
22 *diasolvgs cadmiumbut it doesn't bother nickel, not particularly,

23 and besides I weight the plagque afterward to find cut if I

24 lost any nickel,

il Repottets, Inc,

25 I get a great deal of hydrogen. You put this in a
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little 'gas buret: and you'catch all the hydrogen that comes

the capacity you didn't get.

| On top of that Dean has just told us how you can
cook the dying electrode in oxygen anélthen you can charge it
back up and youlget all kinds of -- you«knok, it now charges
a great deal more to hydrogen evolution than it did before;
sé appafently you have oxidized some of the cadmium, You
chnnoé oxidize cadmium-hydroxide.

If/you have oxidizéd cadmium, it was because it was
cadmium and not cadmium-hydroxide. It must have been there as
metal.  You heat it in oxygen, wet oxygen, and you now oxidize
it, and you can use it.again. ' Of course, it fades very
quickly afterward bﬁt it seems. to me that you can ¢get cadmium
which cannot be oxidiéed. f think you can also get cadmium~
hydroxide that will not reducé, but I fhink thé metallic
cadmium that épparentlyvis'isolated or something from the metal
structure ié a problen,

It i; not a casé of only cadmium-hydroxide which is
inactive.

HALPERT: Does anybody else want to comment about
a particular subject.
| I think at this particular point -- okay, Dean
Maurer. |

MAURER: (Bell Labs) On the matter of leng-term
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trickle charge beihg detrimental, I think that this hés gotten
to be taken slightly out of context.

What was said, as I remember it, was that two
groups bf cells, one which was left on open:circuit and one
which was trickle-charged for a. year, whén tested, acceptance
tested at the end of tﬁis time, the oﬁés on long-term over-
charge showed lower capacity than thosé that were left on open
éircuit;

Now part of this could be simply that thé ones on
long-term Lovercharge had been working and so &ou are seeing a
wear-out; wﬁereas, the ones on open circuit were simply
standing idle. So part of this can simply be attributed to
the working of the cell; that is useful performance of the-cell
versus a real difference in charadtéristic, if you follow what
I mean.

At the end of this period of time one group of cells
is essentially unaged; they have been sitting on the shelf;
and the other group has seen a year's work..

CARR: . (Eagle‘Picher) But they ail have the same
amount of material in .them that they had in the beginning.
What is the way out?‘ | | |

MAﬁRER: (Bell) I agree the wear-out has taken
place. |

CARR: Yes. What is it?
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FLEISCHER: (Consultant) A long time ago I tricklg
charged a 40 émbere~hours sintered plate battery which had
string separators so that it had no cellulose in itf It was
fully flooded. The trickle-charge voltage was 1.46 and it Qas
kept that way for a year.

The.trickle-charge current Qas somewhere aound 10
ﬁi;liamperes. It actually generaéed gas which was equivaleﬂt
- the‘gas Qas'measured’and the overall gas a£ the end of one
year waé about 20 percent of the theoretically expected amount

of hydrogen and oxygen.

At the end of the year, the cell was discharged and
it gave a capacity of 44 ampe?e-hours instead of the 40 |
ampere-hours which it gave on ﬁumerous éycles prior o the time
it weﬁt on trickle cha:ge.

It never went back to 44;after that it cycled again
at 40 ampere—houfs. But I want to call yéur attention to the
fact that in the flooded state the trickle charge voltage is
1.46 and this is also a high value for the pocket-type electrod
which has electrolyte that has a density of 1.20 to 1.23; so

we have a very high trickle-charge voltage on these cells,

(<3

way above where they ought to be for sintered-plate batteries.
HALPERT: Can I ask for the reccrd what it should
be for sintered-plate batteries?
FLEISCHER: With a flooded cell I said it was 1.40.

BALPERT: Okay.
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LACKNER: (Canadian Defense Research Labs) (DRE
Canada) We have gone'over the long-rate trickle charge and the

fading. We have had some experience with that and we have said

Dean Maurer said that the éélls that have been on
tricklae charge for a long pgriod of time were wérking. Thege
cells were not working. You were overchanging them but if you
really.ﬁant tolexercise them, at periodié intervals you should
dischaﬁge the cells down to at least Qné volt or less and the

periodic interval should be about three months.
1l

And then you will really be -- when you work a cell

you discharge it and charge it. The ni-cad system is noted
for being able to wqu many cycleé of long lifé, so it should
not have a wear-out. R

HALPERT: Dr. Will?

MAURER:V Can I answer that?

HALPERT: All right. |

'iMAURER: (Bell) A battery in a reServé mode, like

a night‘watchman; sits around and waité'for somethipg to happen
and in that context the batterj in reserve 6pera£;ob on trickle
charge cénlbe working.

(Laughter.)

WILL: (G.E.) We seen to be agreeing more and more
that -trickle charge may be détrimenﬁal to theinickel plate, to

the positive plate, and that it may not be detrimental at all;

W

|
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it may be in fact beneficial to the negative pléte}

I would like to amplify on that latter point once
more in saying that what one is doing with trickle pharging'
the negative plate is to cathodically proteét the négative
plate and thereby not allow dissolution §nd the dissolution is
obviously the major mechanism causing the fading of the negativyg
plate. |

I would, therefore, like then to pose the quastion
to the experts on the positive plate, and would challénge them
in coming up with some possible mechanisms. of failure modes of
positive due.to the trickle charge.

HALPERT? Dr. Himy down here has a comment. I hope

you.are going to answer it.

HIMY: (McDonnell) I want to go back to the problem

of carbonate built up in the cell. 1If part of the problem

in fading or otherwise in nickel-cadmium cells is due to con-

‘centration of carbonate build-upm_dde probably to the decay of

organic membrane, whether'they are cellﬁlose-zinc or nylon,
it just seems natural to éo béck’to inorganic membranes;
it is not ﬁhe cell's fault here, I tested some
cells of silver~cédmium with inorganic materials and I cannot
say I noticed any fading‘becausg the cell was Qesigned with
excess negative ratio, negatiée to positive ratio, as usual;
The cells have so far reached 6,000 cycles at 40

percent depth of discharge and are still going strong, so

|
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I couldn't say, really, if there is any fading; £hat means it
it probably still above the level of the 1 to 1 ratio. V

" STEINHAURER: (Hughes) I would like to commént
in reinforcement of some of Jim Dunlop's stateménts.

We have been running parallel testing on the
IntelSat«drprogr;m #nd-one of my colleagues, Al Heller, is on
that program.van synchonous earch orbit we have 135 days'
stérage period between eclipse seasoné and we havé been through
one_ecIipse season and one storage mode into theAsecnnd eclipse
season and we may‘be a little farther along than that, I am
not sure.

The point is that that satellite haé several --
three modes of charge where we could trickle charge if we
wanted. The results on trickle charge indicate some of the
things that Floyd has pointed out aﬁd~that Jim has pointed
out, n;mely; that you get ; voltage drbp"in the voltage curve
versus run time or ampere-hours.

.wé‘haven'f seen it plateau out yet; just a éoft
khee, bﬁt this is recoverable‘by a big discharge down to about
somewhere in the range of 120, 115 volts per cell, agd we have
seenlthis on other programs, so it is apparently recoverable.

. HALPERT: Is anyone going to comment about the
positive electrode, Dr. Will's question? It would be kind of
interesting here;

BEAUCHAMP: (BTL) I presented just a little data
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yesterday on trickle charge of six months at 50 degrees F. and
there was no second plateau,. I got full capacity out of the
cells. At higher temperatures we started to see an initial
plateat. | |

.I don't know the answer to Earl's question, whether
it is the negative or ﬁhe positive, since we didn't have
reference electrodes in the cells. It was my'thouqht'though
that it was probably due to the negatiQe plate on this long
trickle chérge} possible grdwing larger cadmium crystals.

The positive plate, I think, if you do X-ray

‘difraction work, is very amorphous, very small crystals; so I

have no direét measurement but I just think it negative.
'DUNLOP : ('COI;'ISAT) Whose cells were they?
BEAUCHAMP: The data was marked on those graphs
yesterday; I forget exactly whése were different temperatures.,
I think I héd three manufacturers and I would have to go back
and really go through the data to say whose cglls did what.
"-We have tested Eagle Picher, Gulton aﬁd G.E. cells.
" HALPERT: Okay, ény other comments? Dean?
MAURﬁR: (Bell) I would like to comment on tbe
peak‘you see in the charging curve.
This peak is a function of. the cell design; cells
can be designed and, in fact, some commercial ménufactufers
produce cells.that‘have no ﬁeak on the charge curve, the

transition from.charge'to overcharge shows no peak. This, in

r——
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1l fact, was part of the controversy over the various rapid
2 charging systems that were ballyhooed six months or a year
' 3]l ago that depended on increase in voltage to turn the rapid
4 charge'off.
5 | Some manufacturers'’célls do not have this péak.
6 The peak results from éhe effect of oxygen being'generated
7 at the.positive electrode near the end of charge. The first
8 thing.this'oxyéen does isvincrease pressure in the cell.
9 It comes out through the separator, £ills the void spaces,
1ol and iﬁcreases ih preasuré.
n | fFinally it gets to the negative electrode where it
12 ‘depolarizes it. The voltaée Qé the topple voltage of the
13 cadmium electrode is a function of the oxygen pressure and as
14 the oxygen pressure goes“up the cadmium voltagé goas.'down Qo
15 that the first thing y&u see as you reach near the end of
16 charge is fhe voltage in the cell goes up becauge both |
17 electrbdes are réaching higher states of charée.' And then as
18 | the pressure increases ih-tbe 6¢id spaces of the céll, the
19 voltagegsta:tSjtondfbpcba;k down again an§ eventpally reaches
20 an-equalibrium condition where the recombination *ate on the
BERPY negative'electro?e equals the charging rate. And at that
22 point'b;éasureitigenatopa;ané*thefvolgage stabi;izes.
23 Just as an example, a ce;l with a larger void
04 volume wouid p:obably have a bigger peak than a cell with a
'“R”Wm“'gg smaller void voluye. Also, a cell that haa.a negative that is
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inherently faster at recombination, will have a lower charging
peak or maybefnﬁ peak at all, than an_eleétrode which ia 1essi
efficient at recombinatiqn.

I want to emphasize that the recombinatiom rate iav
alwayé the same because we are in an.equalib:ium condition,

a closed system. The recombination rate always equals the
charge gate afier>you have once Qotten into the overcharge
reéion.

Your comment was that a cell which initially had‘
one type of voltage peak after aging, now had a new type :
could be expianed by some of these cadmiumlspecie migrétions
that we have been discussing here. 1If, for example, the pores
of the negative electrode‘became clogged at the surface because
of cadmium, cadmium~hydroxide, or cadmium-carbonate
accmulation there -- and many 6f us have seen'that in cells
that have been dismantled -- fhere iéua lot of material on the
surface of these plates -- then the recombination rate on those
electrodes is vefy likely =- sorry, the recombination efficienc
is likely to be poorer because the pores are now’blbcked.

Then you ﬁould expect that you.would see-a higher
peak in a cell of that sort than you'wéﬁld without the pores
being clogged. .

FORD: It'might make you feel better, one of the
characteristics that has been observed in the cell under the

same overcharge condition is that comparing the early life with
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.the wet:plate test on the cells, we have always found or
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the later life, and we are talking about 3,000 cycles now, at
a temperature of about 55 degrees F. The stéady state over-i

charge pressure is built up about 20 to 30 percent. But one .

have that many numbers, but the numbers we do have where we have

gotten into a very unusual high voltage characteristic, and run

found a correlation with the fact —--well, two things -~ one

is that the positive plate capacity has increased and it is
increased because it is above what we know the positive plate
capacityrqf.tﬁis plate lot was eafly in life; two, the negative
plate capacity is always very close to thé positive plate
capacity.

_ In some cases, and I think Gerry completéd somé
work on the plates from these cells, we find ratios of about
1.1 to lf and we find ratios of 1.0 fo l, and we have even had
ratios -- negative ratios if you want to call it that -- but
I realize there are probably other factors like carbonate and
so forth thaﬁ are giving us this probiém.

| On the other hand, Lt always show up in tests that
we knbw how to run, at least, the wet elettrode capadity test, ]
as low, negative capagity;.ﬁnd I am talking about a loss of
cells.that start off with a ratio of 1.40, 1.5 to 1, which means
you have roughly about 40 ampere-hours of'capacity 1n,these'

cells after 3500 cycles now have 31-32 ampere-hours capacity.
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And I am not saying it cannot be recovered; I think
maybe Gerry miéht comment on that becﬁuse he has bezn running
some iqdividual plate tests on these type cells.

HALPERT: On those particular plates frém those
cellé, we took two cells from the group that have been cycled
for six months, as Floyd said, and two that have not been, and.
took representative plafes from both groups.

ﬁust as he said, the electrochemical capacity 6f the
positives was slightly higher and the electrochemical of
the neqativeé was low by approximately 0.6 ampere hours out of
3.5 ampere‘hours per plate. And evén though we gave them 75
percent overcharge in flboded condition, we could not get the
capacity back out aqain. So it:was not recoverable.

Maybe if we had done it at 5 C rate or something and
discharged it, it might have happened differently:; but it was

obvious that the capacity was gone.

Now, whether that means that the chemical structure

of the plate is different, has more cadmium than cadmium-

hydroxide, or some other compound in which we have lost the

weight, or whether it is adtually material lost by going into
the separator, I cannot determine at this point.

GRdSS: (Boeing) Overcharging would take inactive
cadmium and convert it into active cadmium; however, the cells

are not made with great uniformity and are not made in a way
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that we can allow easy access of oxygen to the interior of the
plate during overcharge; consequently, the overcharge reaction
occurs preferégtially on the outside exposed edges of the
piatesf

I would speculate that this would allow.the inactive
cadmium species in the interior of the piate‘to not. get
regeneyated but I have no facts to go on. I wonder if anybody
knows ﬁhéther this ié the case.

. HALPERT: The plates that we looked at in that
partibular group were almost a clay-like structure covering the

surface. We didn't go to very, very high magnification, but

in the scanning electrop microscope wve couldn't see below the
surface,

The covering was like a clay. Plates 6f the same
type from the same batch that were put into the like cells and
allowed to stand for the six months' period did have pretty
open structure thgt we could see into. They had been given
one or two cycles, the élates that had been standing and had
gone throuéh a manufacturer's testing program.

They were just set aside at that particular point
and left. So, the fact that there was a 6overing indicates
that it may have been a problem of oxygen getting into the
inner area, if that is what you are saying.

3

GROSS: Well, I am commenting on the gemefal questiof
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of what is the effect of trickle charge.

HALfERT: This didn't have anything to do with
tricklg-charge, on the plates that Floyd was talking about;
these;were'on'continuous cycle for six months at C;ane in a
simulaged 25 percent depth orbit.

GROSS: My speculation is that trickle charge would
hot be fully effective in récovéfng the lost capacity on the
passivated cadmium, I am que#tioning whether anybody knows
whetheg this is the case or not,

HALPERT: Dunlop?

DUNLOP: I don't want to answer that question so i
will letf somebody else have the floor. |

HALPERT: Does anybody want to answer it? Dir o~ Will?

WILL: G.E.) It is true that the dissolution of the
cadmium-hydroxide crystals start at the pore mouth. It is
also true that these big cadmium hydroxide:xcrystals did
originally block the pores. As soon as these crystals are
dissolved the biockage stops and the field can penetfrate
farther into the pore and consequently the cadmium—hydxoxide

crystals further inside the pore finally also dissolve.

[

Howéver, this is a slow process.

May I make one point on the gas evolution and the
oxygen evolution in the overcharge mode?

This process is a éiffusion limited process and the

oxygen will not cause the potential of the cadmium_electrode teo

e AP g P
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drop. If anything, as the pfessura rises of the oxygen in the
sealed cell, thé potential of the cadmium electrode is going to
become more positive. It is bound to happen; there is no
other possibility.

MAURER: We don't see that in practice.

" WILL: Then there must be a different reason for it.

(Laughter)

ﬁALPERT: We have.é small disagreement over here.

DUNLOP: (COMSAT) I just want to go back and ask a
question about yoﬁr work there, Gerry.

When you observed the loss in capacity, did you go
through a chemical analysis on thg plates?.

HALPERT: Yes, we did go through extracfion, samples
taken from the same lot before they were cycled. After we
removed them and cycled them; we took sample plates, then we
did a chemical extraction and electrochemical testing;

DUNLOP: Were'yoﬁ able to determine whether your
problem waS'chargihg thg cadmium or discharging the cadmium?
If you did both electrochemical and chemical analyses, you
should have been able to determine if it was one or bhoth.

HALPERT: No, the capacity was significantly
reduced about 0.6 ampere hours out of 3.5 ampere hours.

DUNLOP: I understand that, but was it the fact
that you couldn't discharge it, with the metallic cadmium there

you could not discharge at a useful rate or you'couldn't

o AR o . e A € 5 LR N 1LY TENTI
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"you do go to an analysis where you do both an electrochemical
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discharge or you coﬁld not charge the cadmium hydroxide?
HALPERT: We charged at 75 percent overcharge and
we could not get the capacity out of plates that were in the
same liﬁe, operated at the same time; from the new cell.
DUNLAP: I understand you did not get the capacity
out. |
HALPERT: Yes,
DUNLAP: Now, I am asking you the question, was it
the fact that you could not charge it or the fact that you coulc

not digcharge it? Do you know?

HALPERT: I really don't remember. It was done

hapben to remember the numbers offhand?

VOICE: I cannot remember them.

HALPERT: .Okay, I doh't have £he numbers with me.
I cannot reﬁember_that.

DUNLAP: This really is a rather important point
because there is a lot to do with this whole businaess of
pre-cha:ging and everything else. You really ought to find
out whether it is a problem of being able to charge the
cadmium or whether it is a problem of being able to discharge
the cadmium. And if you do a complete analysis, you know, thio

is the point that we were making yestedday in the paper: If

and a chemical analysis of your plate, then you can,-indeed,

A
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determine which problem you are having, if you are losing
uﬁilization of.the plate, whether it is a pfoblem of‘ch&:gikg
the plates or a problem of discharging the plates.

HALPERT: These data aré available. \

CARR: (Eagle Picher) There is a third possibiiit?.
That ig whether it is there or not.

DUNLAP: He mentioned alloss of‘weight. I agree;
but he menﬁioned a loss, of weight of about 25 percent. He
mentioned a loss of capacity of about 50 percent, éo_there :was

a loss of capacity which exceeded the loss in weight that he

STEINHAUER:”“(Hughes) Maybe we shouldn't get iAto
this question, but -~ | .

(Laughter.)

sTEINHAUER; -~ there has been the point made of
surface charge versus diffusing the charge into the plate.
There are sevqral people in the room, I think, that have done
pulsé charging but more.particularly I would like té difect
my questioq toward pulse trickle charging. I believe the
Canadians', Army Electronics and perhaps Utah>Researéh have
séﬁe‘wdfk on this,

| Can we live with the cells as they stand with the

carbonate? Does the capacity and voltage hold up under pulse
tricklé“gharging over a long time? |

HALPERT: Lackner?
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‘if you chargé at a high rate you get better charge efficien¢y.

'éo you do‘have' to: exercise it.
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LACKNER: (Canadian Defense Research Labs) I
imagine that question was directed to me, wasn't it?
‘ Are there ény other Canadians here?
'(Laughter.)l |

LACKNER: We have done tests on pulse trickle

I beiieve.this was already known.

If you pulse charge at a high rate, and then when
you get iﬁto‘the overcharge petiod,'wﬁich would normaliy be‘
your trickle charge, if you then still pulsed at a high rate
but a low average charge raée -~ in otherwwords you spread out l
your pulses -- you could maintain the capaéity fbr a long
period of time on the order of a year.

We have done this-on—standby emergency lighﬁing
units. Wevétill feel that you have to exercise the battery
because if you continue it in one mode, it dgveLOps'a cerfain
condition and I hate to mention the wotd memory =--

- (Laugher.)

LACKNER: -- How it develops this cdnditioh I won't
enter into it. I believe Dr. Will has exhausted thaf topic.

But you have to prevent it from getting into a certain mode,

© +~What the pulse does, it exercises it to a certain

extent.




srg 9&

14
15
16
17
18
19
20
21
22
23
24

! Reporters, Inc,

25

449

HALPERT: Let me make_a point here.

We ought to be finishing up in the next five or
ten minutes. I know some of you still have to travel this
evening so -- |

BOYD: (Utah Research) We have been pulse charging-
about five or six years now, approximately. We have been
noticing something occurring. ﬁe have not done a lot of
trickle chatginq, so I cannot answer all of your questions, but
we have .noted if a battery cell:isifaded, caused by é short _
-f,cygle, the pulse charge does remarkably well in restoring

capacity.

But if, on the other hand,.it is cauzed Qy a
deep_cycte or a heavy cycle, then we don't do as well. We have
to;hgvefthis periodic recycling down to zero or 1 volt per celli

. Most ¢f our work has been on the vented ? cells so
we haven't got a lot of history on the sealed type cell.

By the way, we alsé should make a comment that.the
type of pulse is very critical., If you have a high peak of
average ratio, then you do have some degradation caused by
heating the cell; but if you maintain say a 2 or 3 times the
average peak ratio, then you do very well. So all of-_‘-'17.,1&_‘3_:3_;~
things must be considered.

We have ébout five different;typesfoft L 2l
pulse charges we built currently, one of which has a burst

effect wherein we have, .I believe it is a six peajs’jsexr. burst
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cadmium potential is negative by about .9 volts or something

~of that sort; and hydrogen potential is negative by about

'given situation all three reactions can occur. So the presence
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at the actuai frequency of input voltage, and;this does very‘
well. But asiée go to a single pulse and have a very)high
ratio we only have degrgdation occgrring, g0 some caﬁtion must
be used in pulsé charging. But it is also very beﬁeficial.
| MAUkER: (Béll) I would like to make a fewgcommentsA
about this and the negative electrode. |
First of all, the négative electrode potential ié

a mixed'potential. It consists of the hydrogen potential,

to a mercury xeference, the oxygen"potential is positive; the

1.1 volts. . ‘ . ' - ;-

This potential is mixed which means that in any

of oxygen willvtend to maké the potential go more positive
than it would if it were not in the pfesence of hydrogen.
the other1Way. So ih an overcharging electrode one would
expect tht the oxygen would depresé thg negativg potential,
that is, make it more positivé than it was in the first place,
which tends to decrease the voltage. ' , o |
The other point I wanted to make was that pulse
trickle charging -- I have no experience‘witﬁ this per se, but

I do have some experience with what we call interrupted

overcharge, and this is definitely detrimental to the cell when
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“time it takesffhe oxygen pressure -- that is, the egualibrium

-at the IEEE; I published a paper there on the pulse-charging

24§ average, C over 10, C over 20,
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oxygen;péessure on overcharge ~- to decay to appreciably lower
values. When ch#rge is returned and after this pefiod of time
ocygen is not present so the inherent potential of the negative
electrode is higher and you tend to generate hydrogen,bso that
if you intgrrupf an overcharge, specially at low temperaturés,
for periods.of.time let's say on the order of 15 minutes to an
hour, you will get appreciatble quantifies of hydrogen when
the charge is started agéin. -

If the interruption is‘of short duration, in
seconds or minutes, there is no appréciable efﬁect,

CARR: What rate?

MAURER: C over 20.

DUNLOP: I just have one comment. About 1968;:

work that we did for about a year and a half or so in the labs.
What we did, we took a group of third&?:eléctrode"cells, either
third electrode for charge control, and we took two packs and
we pulsae-charged one pack and we constant-current charged
another pack at the same average rate. And we tried different l
duty cycles on the pulse rate -- 10 percent, 15 percent, 20
percent and so forth. We tried different rates, C over 5

T .l

In 311 that work, and you can find that reference,
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1{ it took the' same amount of time, using the same average current,
2 to charge a céli up whether you do it with pulse charging or
3| whethey you do it with constant-current charging at the same
4} averagq rate, |

5 o This is an ampere-hour charge efficiency that I am
6 talking about. You don't improve the ampere-hour charge

7 efficiepcy.

8 ' For . the 900_§yclés that we ran, wherein we were

9 using,~ﬁ believe it was, a C 6ver 25 percent duty cycle and
10 an_éverage C over 10 charge rate, we used an 80 percent depth
11| of discharge; we had the same‘basically at the end of the 700
12 o:,BOO cycles,, whatever it was, the discharge characteristics
13| of both packs looked almost identical. We-recpnditioned both
14} packs and they still looked almost-identical.

15 R Ny - So, for that period of time, we were not able to

16| determine that there was either an advantage or a disadvantage

17|l to the pulse charge.

18 HALPERT: qud » Utah?

19l - BOYD: (Utah Research) We have seen much the same

20 t@ing, except in some cases. We have noticed, by taking some

21 cellé;;degrading of pgrhaps 30 to 40 percent. In some cases

22|t the first charge cycle with pulsation_they recover ccmpletely.
23| With constant current that isn't true; however, there are some
‘94| cases ‘where neither recover: eithetlpulaé%brccdnstant:current.

Repcrters, Inc, ) : ' B . L .
s 5; And, again, we find a correlation, basicallys firxst.with. the pulse
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wave itself,
If Q; hold the pulae.peak constant,'at the duty
cycle, then we don't havé any improvement. But if we vary
the peak and the duty cycle both, we do find-impro;ement
occur;img.
| And then, secondly, as'I mentioned before, if the

fading }s=s causéd by shallow cyciihg, then we have good results.
Bﬁf if it is caused by deep cycling or heated cells, there is
no recévery. |

| HALPERT? At this point I might say that we have had
a very productive session. I think we have ceovered some of the
areas that Chuck McKenzie suggested we cover back in his
beginning keynote address, and I hopé thét all of you have N
enjoyed it and gotten something out of it. |

We hope to have the proceedings back to you in as

'short a time as possible, on the order of three weeks to a

month. And I hope that all the slides will be in so that
fo will haﬁe them to accompany it.

I do wanf to make mention of the fact that we have
had some foreign vi;itors with us here today and yesterday =-
Drs. Font and Perrachon from SAFT‘sitting.right over here; and
in the back row wg have Ferguson from Canadian Arsenals and
Stott from Telesat, Canada; and you have met Joe Lackner of
Canadian Defense Research Laks. VWe are very happy to have had

them come down and visit with us.




