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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Goddard Space Flight Center

Greenbelt, Maryland

1971 NASA Goddard-Aerospace Industry
Battery Workshop
o .{Continued)

1

Chairm&ﬁ:. Géréid Halpert

Room 231, Building 7,
Goddard Space Flight Center,
Greenbelt, Maryland.

Thursday, 18 November 1971,

The meeting was called to order at 9:15 a.m,,

pursuant to adjournment.
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"PROCEEDINGS

BALPERT: Gentlemen, .n we take our seats, please?

Gobd morning. .Welcome, all, back to the third
session on the nickel-cadmium batteries, the NASA/Goddard
Battery Workshop.

If you have not signed the sign-in sheet, if you
were not her; yesterday or if you Qere here and did not sigr
the sheet, we woﬁld appreciate you signing it to make sure
that we have recorded all the people who are here for this
meeting.

At the sides of the room we have éome additional
material. Bill Webster brought over three samples of 100
ampere hour cells from.Eagle Picher, GE, and Gulton for you
to inspect during the bieak time if you have a free moment.
Their weights ars listed.

Tom Hennigan would like to say a couple of words
before we get going with our materials section.

HENNIGAN: Recently at these meetings we've been

o~
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talking more and more about the company's products and identify-
ing them, which is good. But I noticed yesterday there has to bd
some clarification on some of these things: did you treat

them or did you do something to them, because this is not

really the same product any more if you did something.

I guess in the separator area this becomes parti-~
cularly touchy because as far as I know, all fibers have a
lubricant on the surface so that fibers can be handled in the
machinery. It just so happens that lubricants are usually good
wetting agents and if you re wove them before you put it into
a cell, you'?e going to change the characteristics of that
lx.naterial and no longer can you identify it by the manufacturer's
number unless you put some kind of a subscript after it like
I used on mine, "AR" for "as received," "W" for "washed," and
"T" for "treated."

I couldn't go intce allvthe things we did but at
least you knew we had changed it. To go into all the treat-
ments and washing would take quite a long time.

I think we have to do this to protect those who
gave us or sold us the material.

Thank you.

HALPERT: If anyone would like to make corrections
in their parts of the paper, if they'll contact me within the
next week I'll be glad to ihsert ﬁhe proper subscripts so that

it is recorded properly.
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For our first speakér this morning on materials,
Bob Howard from Eagle Picher is going to talk about machine
processing for dry sintered plaque.

Bob Howard.

HOWARD: The purpose of this paper is to present
some of the work accomplished on the NASA érocess'variable
study, contract number NAS 521159. This prcsentation pertains
to the development of the semi-automatic process for the dry
sintering of porous nickel plaques.

Tﬁe authors of this paper, Mr. Walt McCarter,

Dr. Don Crabtree, and myself, wish to acknowledge the techni-
cal assistance of Mr, Floyd Ford, Goddard Spacec Flight Center.

The design concept b;sic to the program was to
develop a machine system to manufacture dry sintered nickel
pPlaques. The target specifications were plaque thickness plus

or minus 1/1,000 of an inch anywhere on a plaque and from

plaque to plaque; plaque porosity of .4 of one percent anywheré

on a plaque and from plaque to plaque. Yield weights wer: 85
percent of all plagues produced were within plus or minus 2

grams on a l00-square-inch plaque area.
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The deéign concept dictated close machine toler-
ances, nachine stability, reproduceability of machine opera-
tions, aﬁd no hand labor which would directly influence the
forming of the nickel plaque. |

A machine system which satisfactorily met all of
the foregoing criteria evolved during the development program.
Figure 1 presents a photograph of the final configuration of
the plaque-forming machine.

Floyd, would you turn the lights down, please?

.(8lide 109.) .

To the right beneath the c;ntrol panel is shown
a typical carrier platen which is used in conjunction with
the machine. The platen is approximately 1 foot square and
is fabricated from 031 thick nickel 200 sheet.

Located in the center of the platen is a nickel
substrate screen. Prior to joining the screen to the platen,
the platen is flattened in an impact press with an automatic
feed. The screen i; processed through a neophrene-faced
press during.which a series of 60 each, 1/8th inch diamter
embossed studs are formed in the screen.

The embossings hold the screen approximately
7/1000ths above the platen thus assisting in positioning the
screen in the center of the plaque.

The platen with the screen is inserted into the

machine underneath the two parallel bars and a ground steel

Ty ————— oy

—

p——e -

S W W A P e AR el e o P

| | PR



. kb S A
Dl rawe BEP G LR LT s g
. T L

yorm e

s T e U

10

1

8 12
Y

14

15

16

18
| 19
20
21

Q

© 5
23
24

“ce — Federal Reporters, I:.c.
25

234

table possessing a circumferential O-ring is activated hp&ard
and firmly holds the carrier platen against the underneath side
of the pérallel bars.

A vacuum is §glled over the entire lower.side of
the carrier platen. This vacuum flatters the platen against
the vacuum table.

Next, the storage hopper containing the nickél
powder lowers and a pre-determined quantity of nickel powder
is automatically dispensed at the upper end of the platen.

The hopper automatically retracts and there is a narrow pile
of nickel powder immediately in front of the crossbars shown
in Figure 1. |

This crossSar is mounted at each end to bitshing
blocks which are carried on precision-ground shafting. The
shafting is protected by shaft boots and each shaft is posi-
tioned on an adjustable weigh mount.

The shafts, crossbar, parallel bars, vacuum table,
and carfier platen ;re thus located precisely to one another,
insuring the'required dimensional control.

Carried beneath the crossbar are two semicircular
polished rods mounted parallel to one another. Tﬁe rear bar
determines the final thickness of the unsintered plaque.

Upon command of the machine operator, the crossbar assembly is
actuated forward. This motion pushes the nickel powder across

the platen and screen forming the unsintered plaque.
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1 ' after the plagque is formed, the vacuum table
2|l lowers, the operator removes the carrier platen and places it
3l on a belt of the sintering furnace.
4 The crossbar is returned to the rear position and
5|| the operator removes any nickel powder from the vacuum table.

I3 The machine is controlled employing a pneumatic
71 l.gic system which is interlocked with variéus mechanical

8|| motions of the machine. The machine is Loused in a temperature;
9|l controlled room adjacent to the sintering f‘urnace.

10 Several problems were incurred during the develop-
11| ment, some of which deserve comment.

12 : Ground ceramic plates were tried as carrier

13| platens. These ceramic plates icad to an excellent quality

14| Plaque but repeated passes through the sinteringlfurnace

s

15/ resulted in grain growth and eventual fracture. The ultimate

16] solution was the nickel plate used in conjunction with the

171l vacuum table.

lé Dimensional control on the nickel carrier platens

. 19/ is as good as that determined in early use of the ceramic
20| platens.

8 21 The first method of distributing the ‘nickel powder

22| was to sift it onto the carrier platen and substrate screen.

23 This proceduré resulted in porosity variations as high as

24] pPlus or minus 2 percent and in non-reproduceable weight of

. ~J.ce ~Federat Peporters, Inc.

25 nickel powder laid down per unit area.
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1 The present method of drawing a pile of nickel
2] powdcr across the substrate screen proved to solve both of the
3! above préblems.
4 | Figure 2, please. Bill.
5 (s1lide 11l0.)
é Figure 2 presents a comparison of the sift method
7] and pile-and-draw method. Shown as the thickness of the final
8] center plaque as a function of the final net weight of nickel
9| powder laid down on a 2-square-inch sample, the result reveal
10f a clear linear correlation between thickness and net weight
11| of nickel powder l&id down for the pile-and-draw method.
The siff: method has no clear correlation.
13 Figure 3.
14 (Slide.111.)
15 Figure 3 presents plaques 100 square inches in
16f size as a function of plaque weight for two groups of plaques
| produced on this machire. Of 1,010 29-mill plaques, 89 percent
18 were within plus or minus 2 grams., Of 403 each 21-mill plaques
19| 97 percent were within plus or minus 2 grams.
20 All of the plagque. were 100 square inches in rize.
21 This uniform weight charactgristic is a direct
22| result of the mechanics of the aforementioned pile-and-draw
23% nethod.

24}

251

The day-to~day production yield of plaques within

pius or minus 1/1,000ths of a desired thickness is approximatel

)
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9C percent. The porosity variation of 1,010 29-mill rlaques
previously mentibned was from 85.0 to 85.7 for the particular
furnace éonditions of the same process.

The strength of the plaques as determinea by
a standardized break test exceeds the normal requirements
applied to similar products manufactured by the manual method.

From our data we‘reached these conclusions:

We concluded that a dry sintered nickel vliaque
can be produced by a machine system, and such a procedure
yields desired characteristics of thickness, porosity, and
weight per unit volume of area.

We might add that.this‘process has been.incorporate
on the following programs: )

Philco-Ford SMS program, Grumman 100 ampere hour
progran, NASA/Godéard 6 ampere hour program for separator
study, and Boeing cells for the United States Air Force.

May we have the lights, please?

(Slide 6ff.)

ﬁALPERT: Are there any questions for Bob about
this process?

John?

PARRY: Parry, Arthur D. Little.

Is there any tendency for the nickel powder to
stick to the nickel platen?

HOWARD: Yes, sir, there is.

ey g
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PARRY:. Does this cause any real problem from the

point oflview of the prodvction process?

| HOWARD: The carrier platen -- nichel carrier
platen is treated in sucih a.way that this sticking ié only
around the edges of the platen. The plague is then trimmed
and this area is cut off.

PARRY: What is the treatmenc?

HOWARD: Zirconium oxide.

PARRY: Thank you.

‘HALPERT: Any other questions?

- Okay, thank you-- Oh, sorry, one more back there.

BACHER: Are there any problems with porosity
variations through the thickness of the plaque? |

'HOWARD: This was investigated with a weight
determinétion of various areas over the plaque wherein areas
were punched from the plaque ana carefully analyzed for weight.
We have found that the distribution of weight per unit area
is very good in this dry sintered plaque.

BACHER: I don't mean from an area point of view
but is one side of the plaque denser than the other side of
the plaque? |

HOWARD: Predominantly the substrate structure is
on one side of the plaque. This would possibly limit surface
area on that side, yes, sir. 1Is that the question?

BACHER: Yeah. Well, could this affect the surface

[

e
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area that the opposing negative plates see --.you Xacw, the |
opposiny plates?

"HOWARD: I think Farl Cerx is just chonping at the
bit to answer that question.

CARR: Earl Carr, Eagle Picher.

The reason that the screen wire is predominantly
on one side is because in order to maintain something similar
to previous qualified designs we intentionally put the screen
wire off center on one side.

Now this procedure is so good that you can
literally laminate thé screen on one side of the plaque and
then all you see is the screen and thg plagué almost looks
like it's separated -- like it's glued on, but that'a a
-deviation from our process.

Now we're continuing on to investigate putting the
screen in the precise center of the élaque. Again, this is a
change to what has been used in the past so we have to proceed
a little bit slowly.

.Bnt I have a guestion, and that is I understand
your question in that the variation, say, over the thickness,
whethar it's a 20-mill plaque or a 30-mill plaque, what is it
at one point and what is it at another.

We really don't know a good way to measure this
and if anyone has any comments about this we would really

appreciate any input as to how you would determine the uniformil

——

—~
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of a cross-section like that.

HOWARD: Also in response to your question, we have

analyzed fixed areas of an impregnated plague and the net weight

per fixed area is conéistent over different areas of.the plaque
However, analyzing for which side and how deep the impregnation
is -- I'm not sure I can answer your question, sir.

CARR: Also, regarding the éffeetive area of the
plaque, if you were to take the plates and when you orient
them in the cell you will find that the screen side of the
positive always opposes the screen side of the negative solthat
you always have the like side opposed to like side in a
design.

I think you can work this out. It's a geometrical
thing. The plates are all the same so when you turn the nega-
tives against thg positives they face the same type side.

HALPERT: You're telling your secrets.

Any other questions of Bob?

GROSS; .Sid Gross, Boeing.

ﬁave any measurements been taken on the strength of
the plaque? |

HOWARD: Yes, sir, there has been.

GROSS: Do you have any comments on how strength
is changed as'a result of modifying the processes?

HOWARD :

I would say that the strength is more

uniform over the given area of the plaque. As far as

J
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mechanical strength, this is determined by the sintering
elements of the process, not by the interaction of the long
nickel fiber and any matter that would be just deposited on the
substraug structure. ‘

As far as the strength determination, we have the
designer of this machine, I believe when he was with Tyco Labs.
If you have any questions asout the elements of the machine
or the method of determination of strength, he wéuld be glad
to answer those, I'm sure.

.VOICE: Thank you, Bob.

HOWARD: That's fine. I'll just shift a little of
the re5ponsibility around.

Yes? One ﬁore question?

‘RUBIN: Rubin, Tyco.

You mentioned some weight distribution over a
hundred-square-inch plaque, 85 percent of them fell within two
grams of a certain net distribution. What is the smallest
area that you measured and what was the weight distribution on
that smalles£ samnple?

HOWARD: Weicht distribution for a given area?

RUBIN: In your method you diétributé a fairly
consistent amount of powder over a large area, but have you
measured the uniformity over smaller areas and if sb, what
was it?

HOWARD: Yes. The measurements mentioned were

.
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over a smailcer areﬁ. They were two-square-inch samples, to
about one inch effectively, and these were cut from the same
areas of‘different plaques and then compared with each other
on plaques and with each other, plagque to plaque -—

RUBI&: And this gave =--

HOWARD: -~ by thickness and wgight.'

RUBIN: And what percentage deviation did you fina’
in those small zreas from plaque to plaque?

HOWARD: I'm sorry, X don't think I have that data

| with me. I don't really know.

CARR: Earl Carr, Eagle Picher. |

The reason we went into this work was as a result
of the first two qu$r£ers of the NAS 521159 contract. ﬁe found
variation within-- We were working to plus or minus 3/1,000ths
which is reasénably typical ;nd we found variation within
this range and we iden.ified ;t.

And we found some surprises during the first two
quarters in that we took the data and we compared within a
plague nine ;amples,‘as Bob mention, two-square-inch samples
taken in nine places f?om a plaque. Then we compared éhosé
nine samples to each other; we compared them to the next plaque
in the sequence. Then we compared them to the next day at the
same setting, and then we compared them to the next week; in
other words, different types of reruns,

And the surprise was -- and this data is presented
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in the first two quarterly reports -- was that we found that

the variation in the plaque is in any one single plaque.

Something like 80 percent of all the variation we ever experienc¢d

you can find -- or we used to be able to find in a single
Plaque, so that it became very obvious that, if you have a
pPlagque, a single plaque, that Goes not haye any variation,
we have immeﬂsely improved the ﬁrocess, and this, indeed, is
what we did. |

The means by which Qe did it wére to lay a plﬁque
which, when it i; introduced into the furnace, is uniform
because, if it is introduced into the furnace uniformly, it
comes out uhiformly. So this is why the émphasis was placed
on the equipment .to lay the plaque in a uniform manner.

To maybe ad@ one more point on your question, in
Figure 2, I presented the weight of nickel powder in grams per
two-squarz~inch sample, This was on 250 data points cut from
various plaques, possibly from -- I would assume maybe five
samples per rlaque or something along that line so there would
be an analysis across approximately 500 square inches of
plaque area.

It appears that there may be less than maybe or-
.2 of a gram variation among the samples pulled from 500 square
inches of plaque material.

MAHATO: Mahato,_from Globe Union.
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Is that variation any way related to the particle

size?

HOWARD: I'm sorry, I didn't understand the questiof.

MAHATO: Is that variation any way related to the
particle size?

HOWARD: The particle size of'the nickel powder?

MAHAEO: Thut's right,

HOWARD: An analysis on the individual size of each
nickel fiber laid down wasn't done but the bulk density of the
powder prior to its laying on the substrate was analyzed.
Other than the bulk density measurement, I'm not sure I can
angwer your question about particle size of the nickel fiber.

However, there are two types of carbonyl nickel
powder. Both were investigated and both can be satisfactorily
laid in the dry process.

BELOVE: Belove of Marathon.,

Was the bulk density of the various cells main-
tained at a constaﬁt?

ﬁOWARD: Yes, sir. The bulk density does come in
in a varied range within one particialar type of the carbonyl
powder. I believe that your carbonyl type 287 might run from
.8 grams per cubic centimeter to as high as 1 gram per cubic
centimeter.

The dry process allows us to control bulk density.

We can select our bulk density to any desired i/inal plaque

»
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characteristics, both within the 255 and the 287 range.

BELOVE: You select the bulk density. That means
you seleét barrels of material and reject other barrels?

HOWARD: We may use all barrels received but bulk
density can affect porosity of your plaque on a unit area --
weight or th;ckness unit area.

BELOVE: Thank you.

HOWARD: I would like to also point out this is one
advantage, we feel, in the dry sinter process, is the ability
to control bulk densities. It selects'rather nicely to what-
ever you want to get out the other end of your furnace.

FPORD: Ford, NASA/Goddard.

Gerry, I would like to ask one question.

Bob, if I understand what you're saying you're
saying that the variable is in the bulk density but by con-
trolling some of thé variables in the process, you can account
for this in the final plaque?

HOWARD: Do you think you remember that well enough
to repeat ité

(Laughter.)

FORD: Okay. I'm trying to clarify a'point because|
I'm a little bit confused now. |

You acknowledge there is a variable in the bulk
density of nickel powder.

HOWARD : Yes, sir, there is.
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FORD: And the implication of what you said is
that you allow this wvariable to come into the sintering
process But you can counteract it somewhere in the process to

give the same plaque characteristics in the end product.

HOWARD: Yes, you can, Floyd. It is possible that
you can change your furnace setting to allow for deviations in
bulk density, -- |

° FORD: Okay.

HOWARD: =~ but I'm not sure that is what you'd
want to do. I think I'd rather know what bulk density I'm
| starting with and leave my furnace where I had it and take
the sacrifices on the higher end of the bulk density and
porosity.

‘PARRY: Parry, Arthur D. Little.

The work we did at Tyco,I think we found that if
there were variations in bulk density with the starting powder,
that if you did change either the sintering time or the sinter-
ing temperature yod could end up with a plagque with the
characteristics that you wanted.

We would need some exploratory work to find out
what you had to do to get the characteristics yoﬁ wanted but
in general, the porosity, the resistance, the mechanical

strength of the plagque all move together so you could get the

plaque with the characteristics you wanted just by changing the

25 sintering conditions.
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HOWARD: I think Sonotone is going to have some-
thing to say.

' BELOVE: Belove of Marathon.

I didn't want to pursue this thing but nbw that it
has been taken up, the powder yariation -- the powder as we
receive it varies practically from barrel to barrel, and
probably within the barrel. The question here is-- There are
several ways of maintaining uniformity of the finished plaque
if the bulk density of the powder is foura to vary.

‘The point we're trying to get here is: How do fou
obtain uniformity in the plaque, when the barrel -- the bulk
density of the various barrels vary?

One method of course is tp mix the powder and
obtain a uniform or at least a practically uniform bulk
density. Now the other method would be, as we just mentioned,
by.changing the parameters which would be a rather trickg
job because it would mean experimenting on every barrel of
powder, practically.

ﬁow the question is: How do you do it in a practi-
cal regime?

BOWARD: Day by day I control my bulk.density. I
don't blend to . bulk density.

BELOVE: Yonu don't blend. You control the bulk

density?

HOWARD: _..3, sir. I utilize bulk densities within

v AR oot 17 T
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a range that I find acceptable.

BELOVE: That means that you reject barrels of
powder b;ck to the wendor?

HOWARD: I haven't lately.

(Laughter.)

BELOVE: Then Eagle Picher must have a contract witH

7 Inco that's special.

5 8 HOWARD: We have a working relationship with those
% ?l people. |
; 10 BELOVE: That's good to know. Now I've learned
: 11| something. Thank you.
; : | 12 (Laughter.)
13 PARRY: Parry, Artiur D. Little.
: 14 Again my experience was that within the barrel,
% 151 the bulk density was pretty uniform. We used to sample the
16| barrel ag various levels in the course of doing our work and
- 17|} for us, a 200 pound barrel wouid last maybe three or four
18| months for the work we were doing, sc this was over quite an
19| extended timé period.
20 BELOVE: I would out that for you that's all right.
(} 21 PAPRY: This is true. I think you have a very
‘:} 22| valid point, that you have to experiment for each bulk density
23| if you want to control the characteristics of the final plaque.
7 24 There are variations from barrel to barrel, but I
Ace - Faderal Reporters, Inc.
» 25| would like to mention, too, that blending powders is not the
I
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solution to the problem because these nickel carbonyl vowders
are relatively fragile and any blending process you gc¢ through
actually'changes the bulk density.

BELOVE: Thag dzpends on the quantity.

HOWARD: I might add that that's my experience,
also. I have had no luck ir blending nickel powders.

BELOVE: Again, it depends on the technique used.

HOWARD: I'm sure that's true.

CARR: Carr, Eagle Picher.

.We made a little booboo a long time ago on doing
the work, the same mistake that John just stumbled into. His
powder lasted him three or four months.

When we set up the first regreésion models for
the sintering process we did not consider, just as an over-

sight, the bulk density. Lou Belove has made a statement

that it's very tricky. It can be done a lot easier than most

people think by regression analysis techniques to establish
precisely the vériations in furnace setting to compensate for
a change in.bulk density.

But these things are related to things like
furnace atmosphere, dew point, like you wouldn't believe, so
it is tricky but it is within the state of the art to pre-
cisely know what settings will give you what porosity.

BACHER: Joel Bacher, RCA.

To change the subject slightly, among the plaque

o i
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parameteré that ydu measured you mentioned porosity, weight
and thickness. Do you have any means of determining degree
of fusion or sintering or some strength?

IIOUARD: Yes, sir, we do. 1It's a féur-éoint band
tester developed by -- or designed I guess originally by
Tvco. And the designer, the original deaigner of that machine
is with us today, and he'll be glad to coﬁment on that if
you'd like.

(Laughter.) ‘

.I think he is going.to refuse to comment right now.

PARRY: Parry, Arthur D. Little.

I just want to make one comment to Earl Carr. I
didn't --

'"HOWARD: This is the designer, by the way.

(Laughter.)

PARRY: The four-point band test works and it's

- fully written up for anyone who wants to look it up. I make

no further comment on that.

.I would like to say to Earl Carr that I didn't
exactly stunble 'onto the problems of blending nickel powders;
it was a specific study on our part, and is also.written up
in one of the early quarterly reports.

_.CARR: Earl Carr, Eagle Picher.

Sorry about that, John.

One thing else I wanted to say in answer to the
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question from RCA is there is another technique for studying
boending and this is also reported in some of our early
quarterlies and that is scanning eleztron microscope pictures -t

I can't say that word. But SEM photographs are fantastically

o~

revealing as to the properties of the plagque. You can literallj

look at it and see pore bonding or pore fusion or uneven
fusion in_the photograph.

And also I think these photoéraphs.are useful in
determining such things as pore size éistribution. It's a very
powerful technique.

HALPERT: Thank you, Bob.

Earl, I'm glad you brought that up. I just happen
to have a series of three cecnglomerate photographs on plaques,
using the SEM and I'll just show you. One is an experimental

nodel, Another one is a commercial

One is a special version.
product, and I will just sﬁow you fhe three to éive you some
idea of the variations you can get between plaque materials{

(Slide .112,)

fhis ié the experimental modei. You see it's a
conglomerate so that it covers quite an area. I think it is,
is I recall, at 250 X. Each slide, each photogfaph in the
conglomerate was t;ken at.zso X. This is a 250 X pattern of
a significant area of this pléque,

You can see a fair amount of porosity but quite

a bit of nickel powder bonding.

Flmmmm-—
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(Slide 113.)
Here's a second version. This was made more for

aerospace use. This particular dark area here is a problem

not a hole area, as you can see.

The other areas that are porous tend to show up

slightly greater porosity; still quite a bit of ﬁickel.

Both of these have been made in the slurry process.

(S1lide.114.) |

And the third is one which wés sent to us as a
commercial item and it is from the dry process. You can see
here greater porosity. 1It's hard to talk about uniformity
when you talk akout plague materials and I don't want to say and
I can't say which is better for what purpose.

I think we have founa that if you sinter them long
enough, as John Parry and o£hers have been saying, at different
temperatures you can get the overlapping even greater, but
this particular one seems to have greater porosity thén the
others. But as Earl has mentioned, it is a valuable tool for
looking at these various plaque materials.

However, the mechanical strength test does give
you the deg?ee of-bonding that you have between the nickel
particles.'

Are there any other questions? Oh, I'm sorry.
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Tom Hennigan -~ I'm sorry, Tom -- wanted to ask a question.
HENNIGAN: 1I'd like to ask this of Ed Rubin, Qho
used to w&rk for TI, and this question came up before, can we
get the grid in the center of the plaque?
If I remember right, TI's grid was on the side. It

had to be on the side because of the process. This appeared
to be satisfactory.

Do youihave any comment? Were thére any problems
with this plaque with the grid on the side?

" RUBIN: Rubin, Tyco. o -

In most c¢f the plates that TI had worked with, they
were under 30/1,000ths thick; and-restricting. ourselves to that
thickness, we-did not run into any difficulty in terms of
swelling of materials or warpage of the plates.

I believe once you get into thicker plates than
that you will run into some.difficulty, especially with warpage.

Of course when it comes to making cylindrical cells
it is desirable to have a screen on one side.

HALPERT: Are there any other comments or questions
regarding plaque materials?
(No response.)
HALPERT: Okay, if not, then we'll gc over to the
next step, that is in the plate materials themselves, impregna-
tion, and David Pickett of the Aero Propulsion Lab., Wright-

Patterson, wants to talk about nickel hydroxide electrodes

s 7
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fabricated from the Bell high temperature electrochemical
impregnation process.

. PICKETT: One of the first presentations at the
battery workshop last year was given by Dick Beauchamp of
Bell Labs on a new high temperature elactrochemical imprcgna;
tion process for a nickel-cadmium electrode. In “his process )
a sintered nickel plaque is impregnated by making the plaque
cathodic and immersing the plaque into a boiling solution of
nickel or cadmium nitrate between two inert annodes and pass-
ing a current of about a half amp per square inch of electrode
surface through the plaque. |

The pH of the solution was initially set at ahout
4 and was controlled by an initial addition of sodium nitrate
to the impregnating solution.

Electrodes made by thi§ process showed a substantial]
incréasé in capécity over électrodes made by conventional
vacuum impregnation techniques. In fact, performance of the
electrodes was quite impressive in general. |

Since this time we at the Air Force Propulsion Lab,
especially Dr. Landexr and I, have been investigating the
process in one of our in-house efforts. I would like to
present to you today some of the data that we have obtained
from this. It is by no means conclusive but i think soﬁe of
it is rather interesting.

Since the original presentation by Dr. Beauchamp,
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Bell Labs has introduced papers, in particular at the Electro-
chemical Society in Cleveland, where they use various additives
in the pfocess for the positive plate such as cobalt.

In the original impregnation solution, two molar
nickel or cadmium nitrate and .2 molar sodium nitrite solutinn
was used and impregnation was carried out on inch and a half
by inch and a half plaques. We deviated-- Well, excuse ﬁe.
These were connected in series in beakers so if you wanted to
impregnate several plaques at a time you nerely connected the
beakers in series.

We deviated from this originél procedure by carry-
ing out our impreénations in a large "yrex vessel, connecting
all of the plagques to be negative of a power supply and all
of the annodes to be positive so essentially we have the whole‘
thing in parallel -- plagues connected in parallel in the largel
bath.

Our solution contains 1.8 molar nickel nitrate,
«2 molars cobalt nitrate, and .2 molars sodium nitrite. The
current we used varied from .3 of an amp per square inch to

.5 of an amp per square inch, and in most of our successful
runs we have impregnated plaques as high as -~ using currents
as high as one amp per square inch.

I would like to show you some of the gains that
we have obtained on these. |

(Slide 115.)
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These.are 30 mill plaques, dry sinter variety, made
by Eagle Picher, and you can.see that the total weight gain
varies befween 7 and 8 grams. This corresponds to roughly 3.9
ampere hours theoretical capacity, on the theoretical.

We formed plates of tﬁis type by combining in parti-
cular these four plates with five negatives taken from a
standard 22 ampere hour aircraft cell that were cut to 3 by 3
dimensions. All nine plates were made up in a formation cell
and the cell was given an initial formation charge at C over
10 of the theoyetical capacity with about Zo'percent overcharge.

Discha;ge at the one hour raée to .9 of a volt
showed 6.55 anpere hours capacity. The cell was then chargea
at the one hour rate and discharged at the one hour rate to
.9 of a volt for 27 more cycles and eventually showed a capacity
of 10.4 ampere hours.

Positive rlates from this cell w-re removed, placed
with four other positives formed by the same process and the
resulting cell placéd on cycle life at 120 degrees Fahrenheit
with nine negative plates, again the plates being taken from
conventional ni-cad batteries.

The cell was sealed with a 26 psi release and
initially charged at 20 amps for one hour. The first discharge
showed 17.1 ampere hours to a cutoff voltage of .9 volt.

Cycling was then carried out by charging at 33 percent over-

charge at the one hour rate based on capacity from the previous

HAR Ly, i
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discharge to .9 volt.

A typical example of some of the capacities obtained:

At cycle No. 109, 19.7 ampere hours were put in
and 13.8 ampere hours were obtained on discharge to .9 of a
volt.

After 152 éycles, the cell éhorted. We have made
other cells by this method and have run them at these high
temperatures. Eventually in some of these electrolyte was
dried out but we have obtained much higher cycle life than thesgq
But this is just a typicél example of some of the work that
we have done.

I think the most impressive thing about it is the
charging efficiencies for this high temperature. We do not get
near as good charging efficiencies aout of conventional air-
craft batteries at this temperature. In fact, they ére well
below 50 percent. |

We are still doing investigations on cells of this
type and are making negative electrodes by the Bell process.

We hope to have some data on complete cells in the near future.

That is the essence of my presentation. Are there
any questions?

LACKNER: Lackaer, Canadian Defense Research.

You mentioned vou got good performance at high
temperature. What temperature and for what number of cycles

were you operating out of?

T
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PICKETT: All these cycles were carried out a 120

degrees Fahrenheit.
. LACKNER: Charged and discharged at 120 degrees?

PICKETT: At 120 degrees.

LACKNER: For how long?

PICKETT: One hour. We measured the capacity %o
.9 of a volt on the previous discharge and then put in the
same capacity with 33 percent overcharge at the one hour rate.

LACKNER: For the 150 cyclecs before it shorted out?

PICKETT: Right.

LACKNER: What kind of separ#tor did you have in
there?

PICKETT: We had a layer of cellophane and a layer
of nylon.

LACKNER: .Good enough.

PICkETT: Gerrj asked if these were fl - . cd. Yes,
thesé are flooded cells.

MAURLCR: Maurer, Bell Laboratéries.

Did this short occur because the electrolyt: had
dried out?

PICKETT: Apparently so.

PARRY: Parry, Arthur D. Little.

Dave, do you have a f;gure for the specific capacity]
of the positive plates as operated in the cell, the ampere hours

per cubic inch?
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PICKETT: Well, based on the figures that I've given

you and after 28 or 29 formation cycles,‘the capacity was
roughly 10 ampere hours per cubic inch of void volume available
in the plaque.

PARRY: Arc all your capacities on the basis of
void volume or volume of the plate?

PICRETT: We usually calculate them on the basis of
void volume in the plaque but these can easily ﬁe converted.

FONT: Font, of SAFfT.

What can you say about the aspect of the positive
plates compared to plates which Qere impfegnated in vacuum
condition with standard plates, if you will, the aspect of the
positive in such process after such cycling?

PICKETT: Well, we -~

FONT: Did they -- .

PICKETT: In tefms of what? Cycle life or capacity?

FONT: Yes, cycle life and the flake of the plates,
for example.

PICKETT: Well, it's really hard to compare c:cle
life here with other cells that we made because this is one of
the first experimental cells we've miade and tried, and it would
be I don't #iiuk justified to really compare it with any other
c:"1ls, but of course the other cells lo get much greater cycle

life.

As far as capacity goes, 1 would venture a guaess --
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I don't know exactly, but I assume that conveﬁtional state-of-
the-art aircraft battery electrodes have about four t_. five
ampere hours per cubic inch of electrode and that these would
be roughly between eight and nine.

FONT: Thank you.

BELOVE: Belove of Marathon.

Dave, I heard you say you formed for 29 éycles.
This formation occurred before you began testing the battery?

PICKETT: That's correct, yes.

BELOVE: What does the formation cycle consist of?

PICKETT: Our first cycle waé a C over 10 charge
bhased on the theoretical capacity of active material we had in
the cell. This was then dischérged at the one hour rate to .9
of a volt.

The subsequent charges were made at the one hour
rate and dischafges made to approximately the one hour rate to
.9 of a volt.

BELOVE: In all cycles thereafter, they were
charged at the one hour rate?

PICKETT: That's correct.

' MAURER: I would like to comment that at Cleveland,
Beauchamps presented a paper on additive effects to improve
cycle life on the electrodes made by these processes and one
can get cycle lives of several thousand cycles, deep discharged

when cobalt is present in the electrode.
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FONT: Font, SAFT.

Have you performed the chemical analysis on either
content - hydroxide nickel content on your electrodes?

PICKETT: No, we have made no analysis as yet. We
are in the process of doing that now and the results just
weren't available for this presentation.

FONT: Thank you.

SULKES: U. S. Army Electronics Command.

After you finished the cycling did you take any
physical éata? In other words, particularly on these high
utilizations did the plaques swell or haﬁe cracks or that type
of thing?

P;CKBTT: There was some swelling, yes, but there
were no cracks in the plaque.

SULKES: Would you have an idea of what, say, the
actual ampere hours per cubic inch ended up after.the swelling?
In other words, I've had plaques from various manufacturers
that, say, started out at 9 but by the time they finished
swelling and growing, they were back at 6~1/2 and 7 where
everybody else's plaque is.

PICKETT: Well, no, Qe didn't measure the thick-
ness of the plaques after the 150 cycles, no. After the 29
cycles we did. We showed no substantial increase after the
29 formation cycles.

SULKES: Well, usually it would occur right away
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so you may have something.

BACHER: Bacher, RCA.

Getting back to the original plate processing, what
were the inert electrodes?

PICKETT: In the Bell procese they use platinum
electrodes or platinized titanium. We dc not use electrodes
of that type and I don't guess you would call our electrodes
inert. We use 200 nickel and there's substantial corrosion to
the electrode. '

HALPERT: Any further questions?

(No response.) |

HALPERT: Thank you very much.

ror the next:subject, I have:arshort presentation on
some negative plate materials that we've looked at from four
ampere hours cells on test at Crauae. One se£ of cells had a
teflonated negaﬁive and anofher was non-téflonated, and Floyd
I think has some background data that I think it might be
hel»ful to present before I show the photographs that I have.

FORD: In the early stages of thc SAS-A progran, |
APL, which is the prime contractor on this program to Goddo:zd,
procured cells from two different manufacturers. For identi~
fication purposes, if you are interested in following these
tests further at Crane where the cells are still on test,
Pack 1-C, "C" as in "Charlie," the manufacturer is General

Electric; Pack 18~D, Guiton Industries, and one correction to
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what Gerry said, these are 6 ampere hour rated capacity cells.

These cells were put on a life cycle program for
the SAS-D using a charge control system simulating that of the
spacecraft. They were run in a 90-minute orbit. The depth of
discharge was approximately 21 percent and they were iun at 25
degrees C. The charge current is limited at 3-1/2 amps until
the voltage limit is reached, at which time it goes into a
taper.

The voltage limit is 11l.4 volts at 26 degrees C.
This is a temperature compensating voltage. They were placed
on life cycling on July the 22nd, 197C and exactly one year
later, one cell in each pack was removed for analysis. These
are the cells Gerry will now discuss.

HALPERT: I don't have wny chemical results at this
point. These are really photomicrographs of samples of the
materials, of the plate materials in the cell.

The first ones are from both cells. 1I'll ¢try to
get both of them in here at the same time.

(Slices 116, 117, 113.)

The left one seems té be a little out.of focus.

All I wanted to show here: All are positives.
There was little or no difference. The bright parts that you
see are the nickel plaque. These are cross-sectioned and
mounted in sampie holders. What you can see -- The grey area,

the active material has come to the :surface of the plate and
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it actually is not as clear in this partiular photograph but it’

PN ¢ . PR

the same. The active material has come to the surface of the nljtc

I have put in one of an unused material and I think
here hopefully you can see that the active material is completel¥
covering rather uniformly within the entire surface -- within thg
entire area of the plate ratiaer than just accumulating at the °
surface. ‘

So I would say s fa: as deposit is concerned, in bot}
cases we have -- Neither one was, ¢. course, teflonated but in
both cases the major change was the actual material near the
surface.

(slide 119.)

At the negative we tended to find in the non -teflonatg
large, fairly large crystals of negative material coming from th¢
surface of the plate. I've got this first as a negative now at
the surface, aud that's a fairly large crystal. These photo-
grapbs are all 250 X (corrected from the 500 X cited by speaker.]

The very bright spots in this area are the nickel
material for plaque. The gray area is the cadmium hydroxide,
and then the shiny dots within the cadmium hydroxide is the
cadmium active material.

You can see on this piece now that seems to be away
from the surface of the plate that we have not only the cadmium
hydroxide growing in a crystalline shape away from the plate

but some cadmium metal also embedded in it.
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We found that at times removing a éell or removing
a plate in the charge condition and wiping the surface of the
plate, quite a bit of powder came off. We analyzed the powder
and it was mainly cadmium metal and we did the sare thing for
discharge plates. The power was still very loose. We wiped
it and took that material for sampling and almost all that
material was cadmium hydroxide, which means that even though
this powder is coming away from the surface of theplate, it
is very loosely attached, it is still -- quite a bit of it
is still electronically connected to the plate so it can oe
oxidized and reduced.

(slide 120.)

You can see these two are the same or similar. What
we've done is taken the sawple and dipped it into the famous
mussprat_solution, affectionately referred to by our metallurgi-
cal people as muskrat juice, and tried to remove some of the
cadﬁium hydroxide, hopefully leaving some of the cadmium. behind.

But, as you can see -- This was only a very short
dip, as a matter of fact, but you can see that some of the
cadmium has been removed, as well as the cadmium hydroxide in
this dip process.

(Slide 121.)

This further photograph is one in which we used

polarized light and here now you can see back in the area
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here what looks like a small crystalline area. It coﬁes out
very bright and you get a kind of a 3-D effect in the crystal.

Up in here, you can see actual crystal into the
mounting material away from the plate.

I have a couple more of these I can show, but, what
it does do is bring out the crystals with greater detail.

(slide 122.)

Okay. Now, looking at the separator material just
adjacent to a sample of the plate, we found this -- As a cros
sectiongl area we found this type of a structure in which you -
can actually see some of the cadmium and cadmium hydroxide
particles.

These lighter gray spots are the nylon separator
coming through but you can see both cadmium metal and cadmium
hydroxide in those particles. ' \

(Slide 123.)

This is another sample that was similar, actually
dipped for a few moments in the musspratt solution.

(Slide 124.)

A further sample in which we dipped it in mussprat
solution and you can s3ee now these holes where some of the

active material was that has now been removed, but if you look
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at a polarized light photograph on the same sample, you can
actually see the 3D effect.
(Slide.125,) .

, You can see the 3D effect in which you see the
crystals right down into the separator material. Again, this
darker area here is the-nylon. These lines here are due to
the nylon separator. What comes out-- Everything else is
dark except the crystal materiaui.

This is as I say in the non-teflonated one. We had
similar results with the teflonated ones.

(Slide.126.) |

“w.iThis ‘is:'ar cross~section of &« teflonated
electrode. in which again we ;ee the nylon separator here and
some of the crystalline material at the top. Now one of the

things is, no matter which plate we used, we were able to find

areas where there were large amounts of cadmium at the surface

fbf the plate. . . ;
(slide 127.)

ks the same photograph in polarized light. You can sce the
trystalline material coming through very nicely, and we still

kave some crystalling material down in here although it scems
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1| cadmium or small amounts of cacmium on the plate, on both types

2| of plates, regardless of what it is teflonated or not. The

3|l major difference that we did find is the following:

4 Using the scanning electron microscope, we looked

S|l at only the surface properties of some of these materials and

6|l here we have a couple of photogriphs -- .

7 (Slide 128.)

8 -~ of typical areas within the non-teflonated structure which

7! seem to be larger and fairly irregular types of structures.

10 Vle can see here one of the nylon =trands being

11| embedded ir that pacticular plate, but aé I say, the major

12}l difference here was in this teflonated one-- That‘S#tﬁé'next.
13|l one I can shcw you.

L {siide.129.:

15 You see a more regular shaped, smaller éérticles.
16} We don't know wﬁat the reason is yet. We do knov that the
"17] separator pulls very easily from that negative electrode while
13| in the case of the non-teflonated one we find that it takes

124 quite 3 -- it does not come off easily. It can be washed off,
20 of course, but it's more difificult. It seems to come off the
21| regative.

22 In both cases we have some cadmium in the separator.
23| In the non-teflonated one we have a little bit more cadmium.

24| We Iound ncyative material on both positive plates in both
';2 cells so that the cadmium is getting through.
Ny | © R ARG e |
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It does appear in some of the samples we looked
at to be lesser on the teflonated oné that the non.

The main points at this time are two things: rirst,
the separator came off very easily and, secondly, that this
type of structure, another example of which is here --

(slide 130.) | ' ;
-- was fairly regular on the teflonated one while the larger,
more irregular type crystal structure was available on the non-
teflonated one.

Okay, that's it.

Are there any questions?

LACKNER: Lackner, Canadian Defense Nesearch.

What do you mean by “"teflonated" negatives?

HALPERT: I am told ther. are cells built which i
have teflonated negatives -- negatives which have teflon ‘
coatings on the plate. .

Now, we did do an electron microprobe analysis to
see if we could find the chlorine or the fluorine from the
teflon on the surface of the plane and -- Since it was such
a thin film and, since the plates may have been used for some
time, it was very difficult to find vhere that teflon was and
how uniformly it was put on, whether it had migrated into
the center of the plate, or what.

So, thus far, we still don't know where the teflon ie
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or what actual purpose it's serving, other than to have that
different crystal structure and remove the separator from the
plate.

But what the process is in putting the teflon, I
myself do not know. Maybe therc is somebody here who might
want to comment on that.

LACRKNER: Who put it on?

HALPERT: The manufacturer put it on. These were
cells that were prepared and have been under test for what? --
a year, Floyd said.

: FORD::. Yes.,

LACKNER: Who was the manufacturer?

HRTLPERT: General Electric was the manufacturer.

FORD: General Electric. |

BELOVE: Were they sintered plates?

HALfERT: Yes, sintered plates made in the normal
GE production as were the plates from the Gulton cells that
were x;icompared with it.

HAINES: Defense Research.

Would you like to comment on the effect that tef-
lonating has on the absorption of electrolyte and on wnat effect
it has on the oxygen recombination reaction?

HALPERT: I can't. Unless Flcyd has some data on
pressure, I don't have anything on that yet.

Do you have anything?
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FORD: I have no data prepared for this meeting. I§
will say this, that all these cells, both groups of cells,
went through the acceptan;e test in which we have certain
maximum pressure requirements and certain overcharge test,
and all these cells met these requirements and they were
acceptable as flight hardware.

BACHER: Bacher, RCA,

A little more, Floyd, for you. Has the teflon--
Does it affect the electrical performance or cycling performancg

FORD: We haven't seen any degradation in Eééacity
of these cells that we can attribute to fhe fact that there's
teflonated negatives in the cells.,

RAMPEL: Guy Rampel, General Electric.

I'1l volunteer the information to that gentleman
over there from the Canadian Defense that teflonated negatives
in cells do require a little less electrolyte and pressures
are lower.

HALPERT: Any further questions?

(No response.)

HALPERT: Okay, I think at this point we'd be due
for a coffee break and we'll meet back about eleven o'clock.

(Recess.)
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HALPERT: Gentlemen, will you plcase take your
seats?

I did want to make one comment with regard to my
last presentation and that is I did say that theﬁnusSpratt
solution removes the cadmiﬁm and cadmium hydroxide. It doesn't
attack the cadmiuam; it only attacks the cadmium hydroxide but
since the cadmium hydroxide may be surroundingsmall particles
of cadmium, the cadmium is removed at the same time.

Okay, as we continue on through this manufacturing
materials session, our n.xt speaker is Ed McHenry from Bell
Labs who is going to talk about the scalé-up studies of the
Pell High Temperature Impregnation Process.

Ed lcHenry.

MC HENRY: This is a report on some of the process
studies we have done as a background toward a continuous
impregnation pfocess. We were just trying to gather some data
and find out some of the prdblems we're going to have if and
when we do attempt to scale this up and maks a continucus
process out of it.

The first slide, please?

(8::de.131.)

‘This is just a schematic of the process. Depending
on whether you're making a nickel or cadmium plaque you use
cadmium nitrate solutior. or nickel nitrate solution. The

center plaque is cadmium or nickel hydroxice deposited by
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cathodic precipitatién, washed, dried, and then put into
formation.

Next slide, please.

(slide.132.)

These are the compositions of the impregnating
solutions that we used during this work. The nickel solution.
was a two molar nickel nitrate, tenth molar and cobalt nitrate,
.3 molar and sodium nitrite, and the pH of 4.

Now this is the starting point when you first
start your impregnation. What happens, as you impregnate your
nickel is deposited a§ nickel hydroxide éo your nickel con-
centration is going down. The nitrate-- Presumably the
reaction is not well understood but the nitrate would be re-
duced at the cathode and then at the annode, some of your
nitrite is oxidized to nitrate. Possibly some of the nitrite
is also reduced at the cathode.

The cobalt co-precipitates with the nickel and
pretty gencrally précipitates in the same ratio as it exists
in the solution. 1In other words, if you have 5 percent cobalt
in the solution-~ In other words, 5 percent of the nickel,
the weight of nickel, is cobalt, so that they wil; then pre-
cipitate in the same ratio. All that ynu are doing is pre-
cipitating by raising the pH, and all the hydroxide in that
area, all the ions which ~- where the hydroxide is insoluble

will simply precipitate so it doesn't really matter what the
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elcctrvode potentials are for deposition of these metals. You
aren't depositing; you're simply raising the pH and sc they
just pre&ipitate.

In the cadmium solution of course the nitrate is
being reduced at the cathode and the nitrite is being oxidized

at the annode.

In general, the nitrate concentration remains
reasonably constant, the nitrite is going down, and the nickel
and the cadmium are going down, and the cobalt is going down.
The pH has a tendency to rise a little but As you run out of
nitrite chen the pH begins to go down. |

Next slide, please.

(Slide.}33.)

This is the impregnation jig that we used in this
work. We used a 4 by 4 inch plaque as you can see in here,
the black part; We used these platirized titanium coupter—
electrodes. This was for economic reasons. Oh, it's a factor
of 10 cheaper to buy this type of matefial.

The jig that holds the electrode is made such that
the working electrode is masked so that you have the current
flow, the potential gradient, is perpendicular to the surface
of the plaque so you get a uniform current density over the
whole surface.

The next slide, please.

(siide .134.)
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Here we show the impregnating solutions that we
use. We had two of each so that we could use the first one
and tﬁen‘while we were analyzing and adjusting this solution,
we used the other one, and we'd run on alternate days.

We ran-- Let's see--

Next slide, please.

"(8lide.135.)

Here we show the setup. We ran 18 of each elec-
trode each day so there were 18 pos. "ive and 18 negative.
They were all run in series in one operatiun.

These are 2 liter beakers. ﬁach beaker contains
one of those impregnating jigs, as I showed. We have three
hotplates to keep these solutions boiling. Here's our power
supply down here.

This just gives an idea of the extent of our opera-
tion.

The 4 by 4 zlectrode is a scale-up of about séven
to one over what we had done in the previous labnratory work.

Next slide, please.

(Slide.136.)

Here we show the forming equipment that we used.
Each electrode is formed individually in one of these cells
here. We have two large-centered counterelecti .odes. They are
just regular centered electrodes which have a great dea. more

capacity than the working clectrode so that-- They are charged

L
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fortunately these two ions~- One, we don't do anything about

-

a——

at C over 2 for four hou:ss and then discharged and we have
protection circuitry there so that the voltage can't drop below
about .6‘of a volt, so you discharge down to .6 of a volt.

1'nis is essentially 100 percent discharge.

Next slide, please.

(slige-137.)

Here are the analvtical methods we used in main-
taining our solution. The nickel, cadmium and cobalt were
determined by X-ray fluorescence. This is accurate to about
1 percent which is perfectly good for control.of this solution.
It's very quic%. You just dilute your sélution down ten to
one and put it in a little sample holder, put it in the X-ray
muchine and within a minute or so you have the result, what
the concentration is.

The nitrite was determined by permanganate nitra-
tion. This is a standard textbook method and is accurate to
about half of a percent.

I used the specific ion electrode on sodium and

the nitrate ion. This is not a very accurate method but

them anyway. In other words, if I knew they were too high or
too low, I'd use it anyhow. And two, they have very little
effect on the solution.

We've run as high as 4 molar sodium nitrate

addition to our solution ar ind essentially no effect at all,

' L] ] L)
]
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1
1| so that the only reason why you'd monitor this is that on a
2! continuous basis, eventually you're going to build up so much
3| sodium niﬁrate that you've got to do something about it. 1It's
4l going to start precipitating. Actually, it's the cobalt and
5| cadmium and nickel nitrates which will precipitate.
é So presumably on a continuous basis you would bleeé
7loff some of your solution and precipitate out your nickel and
8llrecycle it and then I don't knéw what yocu'd do with the sodium
9llnitrate solution. Maybe you can sell it or use it. -
10 I don't know how you make sodium nitrite. Possibly

11llyou can reduce nitrate, but in any event, that will eventually

12 [have to be taken out of the solution, but we haven't done any-

p;Eithout any effect at all, and the pH was measured by glass

15ielectrode.

16 Nexf slide, pleése.

17 (Slide.;38.)

18 Here we show electrochemical precipitation of cadmium

19 hydroxide. This just gives you impregnation time versus

20EheoreticalAcapacity.
L

21 Now before anyone challenges me on the subject,

22 fheoretical capacity on either our positive or negative is

23fletermined by simply weighing the electrode and subtracting
24 put the substrate weight. We have run experiments and others

25lhave and there is very little corrosion of the center so that--

n
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It's maybe one or two percent of the capacity would be corxro-
sion.

So that you can simply subtract the two numbers
and get your weight of material.

I have assumed that cadmium goes from.cadmium zexo
to cadmium plus plus, from cadmium to cadmium hydroxide and
therefore, theoretically you should get something like .477
ampere hours per gram. So this is simply the weight multiplied
by a factor, and this is in ampere hours per cubic inch‘and
if you go long enough, you can get about ten ampere hours per
cubic inch.

We were going for a loading of 1.8 grams pexr cubic
centimeter of void volume in the plague which came to around
six or so ampere hours per wubic inch and we did run to 25
minutes on these. We étopped in the middle of the curve.

You could probably get more uniformity by going
to the top. Then if you m¢ke a little error it doesn't matter
because it isn't changing much anyway.

Next slide, please.

(silide .139.)

This shows the concentration of nitrites as a
function of time. We hau six electrodes and we ran one for
ten minutes. Well, we ran them é‘; for ten minutes and then
we kept picning one out every ten minutes and then we took the

.

solution and analyzed the nitrate.
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The rate of loss of nitrite is a little higher in
the cadmium solution but I think this is because you have not
only electrochemical decomposition of nitrites but you also have
a chemical decomposition. Nitrite is somewhat unstable,
espaecially in a hot, slightly acid solution.

So the higher the concentration, the higher will bé
the rate of loss. So one would expect that the two lines would
be -- the cadmium would have a slightly.higher slope to it.

And you see at the end of the run in the nickel we're getting
rather thin in nitrite. In the cadmium we still have suffi-
cient.

Next slide, plgase.

{slide-140:)

‘This is an electrode, a 4 by 4 electrode which was
cut into l-inch squares. The £ab was up in that corner there
and'we kind of figured tha£ particular square doesn't count for
much because I have a tab on it. You add the weight of the
tab but then you sﬁbtract the weight of what you would have
impregnated there. Actually, this should be discounted alto-
gether because by chance it comes out about the same as the
other,

But what I did was weigh all the electrodes, get
the average, all these little squares, get the average and
then I calculated deviations and this is simply a percent.

This one was 1.4 percent higher than the average, and this is

O e it
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.6 percent lower.

But we see that the deviation from highest to low-
est is pius cr minus 2.5 percent and this includes the errorx
that you would get from the plaque itself. They are within
about a prcent, and then the error that you get from me cutting
the thing. I have to cut it n lictle shears and if I miss
by a hundredth of an inch, that's 1 percent.

So essentially this thing is quite unférm across
the whole area of the plaque. This is an impregnated plaque.

Next slide, please.

- (Slide.l41.)

We then took one of the 4 by 4 electrodes and we
cut it up into little squares and put little tabs on them and
ran them as four 1-1/2-inch electrodes. fhat comes to about
half the area of the originai plaque but the 1-1/2-inch squares
were cut out of the four corners, and thesé were cycled at a
very high rate. I think it was 10 C rate.

As you see, they are quite uniform and they all
tend to go out together. They're witﬁin 10 percent cf each
other in the capacity over -- which comes to ~- let's see, at
two, three, about four hundred cycles they begin to bénd down.
Well, they're only down about maybe 20 percent at the end of
the thousand cycles.

Next slide please.

That's all there is? Okay.

Ve
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I have here-- This is a Vu-graph.

{Slide 142.)

" This is a summary of the data that we gathered over
essentially 300 positive and 300 negative electrodes. We find
a theoretical capacity in the cadmium of 4. -- No, that one is
a mistake. This is about 3.219, 1It's about a 74 percent
utilization on that.

This is what you get for having these things typed
up the minute before you go.

The standard deviation is about 5 percent on this
large number of electrodes. If you take.one string of 18-~
They're made in strings of 18 -- the better ones will run down
to a little less than 2 percent standard deviation on that
group.

The nickels will run in two groups. We had one
battery with a little bit higher capacity than the other, sn
ve increased our-- We were running a 30-minute deposition and
a 40-minute deposition, and so we get a higher capacity in the
second group.

Here we're getting I think pretty good standard
deviation on these electrodes of essentially three, and in the
measured capacities we're getting approximately, well, 4 to 5
percent standard deviation. So it's quite a uniform process.
This considers a whole bunch of electrodes made on a semi-

production scale sort of, and we do have a higher measured
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capacity than theoretical and this is explained by saying that
the reaction is not a one-electron transfer.

In other words, if you overcharge a nickel electrode
you get more capacity than would be dictated by a nickei 2 to
nickel 3 oxidation.

And this is ecssentially a conglomerate of all the

electrodes we got and it shows I think a fairly good reliability}

I don't have these things as a function of timg. There was no
degradation Qith time in our solution. As the solution aged
there was no variation with aging.

We had had troubles in the pgst wﬁen we were using
a polyvinyl chloride storage container. We leached some kind
of garbage out of there which had a tendency to slowly poison
the cadmium solution for some reason. So we have stuck to
glass, teflon, platinuﬁ and titanium in this work.

We &re working oncther materials to see if we could
get away perhaps with a 410 stainless but-- -For ‘economic -
reasons we would like to do this but for practical reasons we
don't want to use anything we are not sure of at the moment.
We have to test out the other material.

- And that's the whole story.

HALPERT: Thank yov, Ed.

Any questions for Ed?

O'ROURKE: Joe O'Rourke, Grumman,

In that slide you had, the checkerboard type one

Ny
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where you had weight distribution of each one, you talk akout
the weight deviation per square, about a mean. Now is that the
mean of éach square? Is that the average deviation, about the
average weight of each square, or about the weight of the whole
plaque?

MC HENRY: I just took the average weight and then'
took the percentage deviation of each square from that average
weight, and then that is a real number on each, and the spread
is not a standard deviation. Plus or minus is the range; it's
not a standard deviation.

The standard deviation I suppose would be about a

half -- it would probably be plus or minus 1l-1/2, something

like that.

HALPERT: Thank you, EQ4.

We'll continue with more discussion on the Bell
procéss. Dean ﬁaurer is g&ing to talk about sealed nickel-

cadmium cell design for Bell systems service.

MAURER: Yesterday you heard quite a variety of
methods of charging contrecl, all based on quite a lot of |
electronic circuitry. There was pulse charging and there was
PPC's and PCC methods. What I would like to present here now
is a minority rzport, a charging control method that we use
which we'll call 2CC, for zero charge control.

(Laughter.)

It requires the use of a resistor and a diode and
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!
you simply charge continuously and the major difference is
that you get a lot of overcha;ge as opposed to a very limited
amount. |

The problem with this type of method is that it
requires a cell with some peculiar design features which I will
talk about. )

{8l1lide. 143.)

The performance is something of this sort, in which
we've plotted the measured capacity to one volt versus the
charging current ranging from C over 20 tc thev2 C rate, giving
these capacities and pressures shown on fhe lower curve.

| In the right-hand axis you will notice that at 2
C, we're somewhere around seven pounds absolute pressure, not
gauge.

And to give you the callibration, since everyone
who talks uses é different set of units, we have the theoretical
capacity of the positive electrodes, again based on one électron
transfer shown here, so that we are above theoretical capacity
when we charge at rates higher than about C over 5 or so.

This theoretical line, in terms that Steve Gaston
used yesterday, would correspond to the 267 milliampere hours
per gram of active material -- 287, rather, at this point, so
these points are up around 340 milliampere hours per gram of

active material, just as a cross-calibration.

So that now we can design cells which can be
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rapid charged at the 2 C rate if we like without worrying about
overcharge. We can turn them off on the basis of a thermal
sensor if we like, just to keep the rest of the package from
getting to¢ hot.

ihe way one designs cells like this--

(slide -144.)

Now before I go further, thesé are the two cell
designs that I'll be talking about. This one is a cell whose
performance I just showed. It's about 100 mills thick and it
has two modificd Ziegler seals on it; it's a prismatic design.

pod This is a 23 ampere licur design, again with Ziegler
seals,

The key to the performance of a cell on continuous
overcharge, either in reserve use in terrestrial environments
which are quite severe, temperatures from typically mir.s 20
Fahrenheit” to piﬁs 140 Fabfenheit, and also the problems of
making celLagéapable of rapid recharge all boils down to the
same point: fdﬁ'waﬁt to keep the pressuce down, whether it's th
oxygen pressﬁre during rapid rechargé or whether it is hydrogen
or the lack of hydrogen pressu.e, during low temperature
operation especially, or the accumulation of hyarogen on life,
and it is ail rela;ed to the negative electrode.

First I'll consider the oxygen problém.

If you plot the oxygen pressure, the equilibrium

pressure, versus the negative loading --
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{{s1ide 1145.)
~~ I've plotted it here as percent of the negative plaque
volume that's filled, but you could consider it aPVarie£Yf9f
other ways if you like.

But you get a curve for different levels of electro-
lyte that break upwards fairly sharply. The usual negative
loadings that you see in commercial cells tends to be up toward
the 40 percent rcgion-and consequently the pressures are
relatively higher and sensitive to the volume of the electro-
lyte in tha cell, a relatively unstable type of a region. And
1we feel that the best place to operate is down near the knee
of this curve where there is little variation in pressure with
elgctrolyte quantity and one can get fﬁe theoretical capacity
out of the positive and still maintain low pressure,

And of course things like state of charge will
affect these curves. In essence, as you increase the state of
charge on the negative you make it more porous, so a given
curve will more further'tgwards the right for a given loading;

when :'ocu increase the state of charge you'll get a lower pres-

-

sure.

And again, down in this region it won't make very
much difference, but if you're up in this region, out in this
area, it will make a substantial‘difference.

What this means then is if you plot the oxygen

pressure versus the charge rate, -~ there's a log charge rate

(Slide 145a.)
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1|l and a 10~hour and l-~hour rate -~ cells operating down in the

3|l as those operating up in the 40 percent region give relatively

4|l higher pressures.

5 So now, using just this consideration, you can make
6j a cell then that can be reEhaiged -~ charged continuously at

7] the 30-minute rate;

8 (Slide .146.)

9 Now let's talk about the negative electrodeé.

10 Looking at the negative polafization versus the

charge return on a negative electrode you'get.a typical curve

12|l looking like this: a constant potential region where the'nega~
13}l tive is charging. This then breaks to a higher potential

14| region where you get hydrogen evolution, and if this were a

15| cealed cell or if oxygen were present, then the oxygen de--

16 polarizes the negative and the voltage drops to a lower leﬁel,

17lyou do not get hydrogen evolution and in fact further Eharging

18/jof the negative ceases.

So one normally then designs a cell with a positive

loﬁer capacity than the negative, as you all know, and you get
I '

and things are great.

Now if you look at these same curves at either

higher rates or lower temperatures or both, the curve shifts

like this. The charging region comes up in voltage. There: s
(51ide 146A.) -

30 percent fill region give you very low oxygen pressures where-

the oxygen coming over before the negative becomes fully charged
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an initial high voltage on a charging curve in which you get
some hydrogen evolution and the point of hydrogen evolution
tcward the end of the charge has moved substantially to the
left at the lower temperature and/or higher rate. |

And just where this shifts to dependé first on
the conditions you're talking about and also the previous .
condition or history of the electrode,

So then what you want to do to design a cell is
arrange to have the positive capacity operate within this band
between the pfeliminary hydrogen evoluation and éhe final
hydrogen evolntiqn region.

I've marked here-- This is the range of the safe
positive theoretical capacity if you have electrodes which
gene;ally give you less than theoretical capacify but as we
were discussing yesterday, some cells which are continuously
charged, especiélly at lower temperatures, give higher and
higher capacities and in fact we've found in most cases this
approaches the theofetical capacity of the electrode, especially
around zevro degrees Centigrade.

In the positive electrodes that we make by the
electrochemical process this has to be 120 percent 6f the
theoretical capacity, something in that vicinity.

Now éne can plot-r. For é-giveﬁ.charging tempera-
turc one can plot the hydrogen free capacity, tﬁat is, the

capacity in before this hydrogen evolution ever occurs,

'/'l],lﬂj .
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{slide. 147.)

{ - and that looks like this, on which I've plotied the hydrogen

| free charge return in terms of percent of the rated capacity

of the electrode versus the charge rate in terms of percent

j rated capacity, and looking at it for different preconditioning

cycles and different charging temperatures.

So that here are a set of data in which the

electrode was equilibrated at 77 degrees F. at the five-hour

| rate first. Then it was lowered in the discharge phase to

zero and charged at one of these rates, and we generate a :.
)
Now if in fact we had gone to.a lower temperature

than zero, minus 20 for instance gives a curve that has dropped

all the way down to this region. 1If, on the other hand, the
eiectrode is equilibrated at 140 Fahrenheit first and then
lowered to zero; the curve'shifts from this position to this
position. o

Now these are not such outlandish conditioﬁs as you
might think at first off. Zero degrees followed by equilibra-
tion at 140 is simplf the cold winter following a lot hot
summer in a piece of pole-mounted telephone equipment. %he
equipment is in a box in the hot:sun. The temperature gets up
in the 120, 140, even 160 region. And in the winter of course

it drops.

8o that if one does not have enough excess negative

H
Ly ok
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'

capacity to keep out of this hydrogen region, you will develop
hydrogen gas and the cell will vent,

Also, for a reserve battery with perhaps a twe to
| one negative to positive ratio, at the 20 hour rate of charge,
‘that's a 40 hour rate on a negative so one is talking about
| something down here very cibse to the axis, so these effects are
| not all that drastic but they are present.
| If you wanted to design a cell for rapid recﬂarge,
however, you have to take these into account and have quite a
suBbtantial excess capacity for rapid charge at very low tem;
peratures.

Now'that takes care of the time zero negative condi-
j tion. The negative doesn't stay in that state throughout its
; life. You have to worry about some other things happéning,

; fading, for example.
 (slide.148.)

These wexe shown last year, the thepreticalhcaéécity
of the electrode and the electrochemical electrode, and here
a particularly -- a gather bad commercial electrode with a
20|l fairly sharp drop with cycling in capacity.

(;; 21

22| of that electrode would have to have much larger ratios in

Now this electrode-- A cell designed on the basis

235 order to keep you out of trouble later in life.

24 Now I want to emphasize that cycling in the flooded

k. Ace - Federal .
18! Reporters, ;g state on negatives is not the same as cycling in sealed state,
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and just what the relationship is I don't know, but one gets
longer life, cycle life on negatives in the sealed stﬁte.

Part of éhis of course is due to the fact that you don't cycle
them through nearly as great a range in ghe sealed state.

Now while this material is elcctrochemically in-
active it is still present as a chemical species within the
sealed cell and has to be conten&ed with, and we propose the
following things going on. |

(8lide.149.)

First, we represent the positive battery by this
block, the negative by this block. It's.divided up into the
black area representing the electrochemically active material
and the red area representing the inactive material which i
think you will genérally agree is usually cadmium that's
isolated, and most chemical analyses show this to be cadmium
metal and not hjdroxide. _

Then this is divided up into the working c#pacity
which matches’ the positive, some excess hegative>cadmium hydro-
xide to account for the low temperature charging. 'You have an
amount here now-- You design the cell to have an amount there
that matches -- to give you the hydrogen free perform .nce for

the highest rate and the lowest temperature you intend to design

23dthe cell for.

You have a certain amount of precharge material

and basically all that we're concerned with in the design ié

d _ _ -
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the precharge to keep you out of that preliminary hydrogen
evolution region that I showed earlier. Then some things can
happen.

(slide-150.)

On overcharge, oxygen in the cell can oxidize this
cadmium metal. It is not isolated chemically, just electro- )
chemically. So the caumium plus the oxygen and water will give
you some cadmium hydroxide bﬁt since the other half of the
electrochemical couple has to be satisfied, some cadmium hydro-
xide gets reduced at tl.~ same time.

So oné transfers active éadmium hydroxide to active
cadmium in exchange for inactive cadmium to something fhat
I'1l admit is questionable. This can be either active or in-
active, but I would assume that‘it's quite a bit inactiye,
let's s;ay. |

So one needs td design for this and allow enough
extra cadmium hydroxide present on the negative to mat§$ the
amount of inactive material that you have because it is poten~
tially capable of being transferre& to active cadmium at the
expense of cadmium hydroxide which you need for the low tempera-
ture operation.

So then what this says then is that you have the
over-all design of the cell now. You have the working cadmium

capacity which is equal to the requirements of the cell design.

Ii you want a 12 ampere hour cell you have a 12 ampere hour
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ek22 1| working cadmium capacity.

2

Then you make the electrode some maxi~um thickness,

¥ 3 probably.around 30 mills, and you ioad it to the 30 parcent

4] point so this gi&es you the amount of cadmium area, cadmium

5] electrode area that you require-- I'm sorry, you add enough

B

6 cadmium preharge and hydroxide to account for the effects that

7t I've been talking about.
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Then you match this total areca with a positive
electrode.That usually winds up to be a very thin electrode
because you don't need very much capacity per square inch to
match the cadmium. Then you make the poéitive loading as high
as you can to maximize the energy density of the cell.

We've made the cells in this form. I'showed you
the data on the small cell initially, capable of rapid re-
charge.

(s1ide .151.) .

Here are some data on'some -=- on one of.oﬁf cells
on continuous overcharge. Here we have a C over 20 overcharge
over 20 degrees Fahrenheit but these cells had been previously
conditioned 35 days at 110 Fahrenheit on overcharge, so again
this is the winter following the hot summer,

Now I plotted pressure in pounds per square inch
absolute versus time and the cell has shown low stable capacity.
And for comparison I have three different other cell designs |

on the same plot that were not designed to take all these

‘/';Ln‘ .
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factors into account.

Ona of these fell out zight at the start. Another
one went for a while but then started to generate hydrogen,
presunably because of the exchange ef{fect that I spoke of.

And another guy that really cdoesn't beiong on this
plet per se.At 75 Fahrenheit it started to generate hydrogen .
after several weeks on overcharge. |

So that by taking 511 these into account, one can
design cells that can be used on contiauous overcharge. I
think that the aerospace industry might consider some of these
facts in their cell design, especially tﬂe effects of over-

charge on the electrode performances and perhaps opt for a

little more overcharge at least than is presently being used.

Thank you,

HALPERY: Are there any questioas for Dean? Any
comments? . '

FORD: Ford, NASA-~Goddard.

Dean, wéuld you care to comment on-- You mentioned
how the hydrogen free capacity changed with life. 'Have you had

any experience or observed any difference in cell potential
through which you can get hydrogen as a function of life at
these steady or these constant current overcharge rates?

MAURER: No, X don't think I could quote numbers
off the top of my aead on that specific thing. We have observed

voltages and you 1n get hydrogen evoluation to vary over quite

- - A —
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a wide range from safe operation above 1.6 to hydrogen genera-
tion at 1.55.
Of course we have observed hydrogen~genefation as
I pointed out here even at room temperature even though the
voltages were not very high. As I rémember it, the voltage was
probably in the range of 1.45. )
FORD: . Gerry, do you have another question here?

DUNLOP: Jim Dunlop, Comsat.

Do you have any observed mechanism for hydrogen

104 recombination once you get it generated?

MAURER: No, but I'd like to.bave some.

(Laughter.)

LACKNER: Lackner, Canadiarn Defense Research.

On the hydrogen free charge return, are we talking
of negati§e-to-§ositive plate balance or ratio? You haven't
given us a figure for that.

MAURER: What we finally used?

LACKNER: Right.

MAURER: We use a ratio of theoretical positive
capacity to measured negative capacity of 2.2 to one-- 1I'm
sorry, negative to positive of 2 to one. And that, in theore-
tical terms, theoretical negative to theoretical positive, is
2-1/2 to one.

LACKNER: The other question is facetious. If -

your .° precharge, which I think we're on record we don't like,
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prevents the onset of hydrogen evolution, why don't you have a
larger percent of . precharge so you have a one-to-one ratio?
| | MAURER: All you need is enough precharge to get

out of that initial region, and that only amounts to something
like 10 percent of the negative capacity. This depends on the
particular electrode that we're talking about. All you need t;
do is get out of this region and that in genéral is perhaps
only 10 percent of the negative capacity so you just put in
enough to get you out of that area.

LACKNER: Does that mean that if you started with
a totally discharged negative and a totaily.discharged positive,
you would evolve hydrogen at the beginning?

MAURER: It would if you did it at a low temperature]
and a high enough rate. ’

LACKNER: At normal rates of, say, C over 20, C
over 10 at minus 5, would jou evolve hydrogen?

MA&RER: Again, it depends on the electrode and
its preconditioning; I would guess that if you would equili-
brate it at 140 degrees first, and you're talking about minus‘
5 and C over 10 on the negative capacity then you might very
well get a burst of hydrogen.

LACKNER: You're making a generalizaéion and you're
taking specific cases here of preconditioning electrodes and
what-have-you. As a general electrochemical phenomena, you

don't evolve hydrogen from the negative until you get into the

— e
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overcharge region, so I'm asking:

If 'you start with a fully discha;ged negative and
a fully discharged positive, what causes hydrogen to be evolved?

MAURER: You get hydrogen evolved-- On the
negative process there is in general three polarizations to
concern yourself with. One is the polarization for hydrogen
evolution on nickel ‘surfaces; another, the polarization --
activation polarization for cadmium reduction; and the polari-
zation -- concentration polarization; and the polarization for
hydrogen evolution on cadmiunm.

Now on the very start of the.charge on a completely
discharged electrode there are exposed nickel sites available
and one can have a condition in which they hydrogen polarization]
on nickel takes over and you get some hydrogen off before
cadmium covers these areas during part of the charging process
6n cadmium. So it's a burst of hyarogen; it's not a continuous
evolution that continues throughout the cell chérging.

But if you're talking about cycling the c2l11 under
those conditions, then you can accumulate some hydfogen, but
just where the process occurs depends on each particular cell
design and all I'm saying is that one needs to take all of
these factors into account in designing the cell.

Maybe for your particular application, your parti-
cular conditions, this won't be a problem that you have to

vorry about at all. In our set of conditions we have to worry

. /'[Ln‘
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sbout it a little bit.

LACKNER: It's been our experience that the less
prechargé you have the better off you are, but it's hard to
convince anybody else.

MAURER: I agree with that in the sense that you
want the excess cadmium in the form of cadmium hydroxide so
that the ratio doesn't Lave to be any higher than you absolqtely
need, because the hiéher the ratio the lower the energy density
becomes and so on.

I dqn't think you need precharge for the purpose
that many people put it in, namely to lower their oxygen pres-
sure. I don't think it's especially necessary for that. 1If
you lcoad the electrode low énough you can have low enough
oxygen pressure.

And the other reason that some people put it in
is because of féding ofvthe negative on some types of cycling
regimes. I think that's accentuated when you have very‘limited
or no ovexcharge. fhen one tends tc get into negative fading
more -- in a more pronounced way than you would if you had
overcharging. |

STEINHAUER: Steinhauer, Hughes.

Dean, would you say then-- I noticed ycu ran a
long-term 35-day overcharge test -- that if you don't have the
opportunity to have fully instrumented cells, say for gas

partitioning or for pressure, would a long-term low temperature

! /,’lLﬂﬂ[
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overcharge test be a reasonable indication of adequate over-
charge protection or cadmium hydroxide upstairs, along with
voltage?l

MAURER: No, not just in itself. You need the over-
charge. You also need something in the way of preconditioning
to the worst case condition. And then you have to have some "
idea how the negative might be fading in capacity with life
and account for that as well.

Because what you want, yéu want to eliminate all of
these factors as failure modes so that what you do is look at
what the negative is going to be looking'like'far out in time
and allow for enough excess capacity and enough excess cadmium
hydroxide way out in time so that you won't get into trouble.

Otherwise, this might very wéll become the failure
mode itself. '

HAI&ES: Haines} Defense Research Establishment,
Ottawa. ’ |

I‘d like to céme back to this hydrogen evolution.

If I understand what yéu said correctly, it's when you have yéur
negatives completely discharged, you have nickel sites where
you can possibly get the evolution of hydrogen. |

Now are you stating that when the thing is partially
charged, these nickel sites are covered? And if they are not,
then how come you don't get hydrogen evolution everxy time you

start to charge?
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MAURER: Well, I think it's a matter of degree,

I think that once you've started to charge you cover enough
Ilof them that you get out of the problem to some extent.
HAINES: I just can't see how the charge cadmium

will cover these nickel sites.

MAURER: Well, the charging action goes through a

soluable intermediate and the cadmium will sit down on any
electrically active site available, and there are probably more
nickel sites available initially than anything else.
in fact, if you can think of “"a. piistine state,
and I'm not sure you ever ?eally have this, &epending on the
method of impregnating, where you have cadmium hydroxide pre-

sumably throughout most of the -~ covering much of the area

in the cell and nickel -- there isn't any cadmium initially --
and then as that becomes reduced it has to go down on some
substrate, condﬁctive substiate‘within the electrode.
| ~ GINER: Jose Giner, Tyco Labératories.
I think there probably méy be another explanation, ang
I want to suggest a look.at the o0ld papers of reduction of
oxides 'by Ohse- and ..Nagél and many other people have shown
that Qhen you have a completely oxidized substancehlike cadmiu&
oxide or silver oxide, &ou have always an overshoot of potential

to reduce the beginning because you have to create some

nucleation for the further reduction.

8o it is possible that if you have only cadmium
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oxide the potential overshoots in order to créate these.

8o, in the overshoot you may evolve hydrogen.

Therefore, I thipk that probably you want to have
;he cadmium, free cadmium, to avoid the éotential overshoot
that you get when you nucleate.

MAURER: Yes. So that you are saying that, instead’
of nickel sites per se, you now have some cadmium sites as
well? |

GINER: You need them for the cadmium oxide reduc-
tion.

DUNLOP: I want to comment on that, too. This over-
shoot that you look at, you normally observe when you completely
discharge the cell for a long period of time and that's the
reason why.almost all the battery manufacturers recommend that,
if you have cells that are shorted in your laboratories for a
long period of time, that you exercise a great deal of caution
when you initially start charging.

Now, after you've cycled the cells for a while, it
seems that‘you don't really have this problem, and our results
would indicate the reason you don't have this problem is that
you now have more actively charged cadmium available to you.

MAURER: That's true, at room temperature.

GINER: At room temperature.

/
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Iebn ¥ 1 The other point that we have observed in the cells
. 2l that are being ‘made for us using the normal SAFT Drocess is
E 2 . .
- d!) 3] that when they make the cell initially they're going to have

4|l this 10 percent charge cadmium in there because they can't

get it out of there. 1It's there, and there is no way ihitially
to discharge it after the cell plates come out of the forma- )
tion cycle.

So it's really not something you have to put in;

MAURER: What you say is partically true and would

iat room temperature and dropped to low temperatures, you get
éthis effect again anyway. 'So that amount of érecharge isn't
enough to account for, let's say, 20 degree or zero degree
ioperations.

SEIGER: ‘Seiget, of néliotek.

Dean, in the first part of-- During that period
;of hydrogen evolution, what's happening to the temperature of

| the cell? 1Is it getting very hot, or is it staying moderately

| cold?
24 MAURER: 1It's moderately cold.
! Ace— .
, oo = Feden W""';‘s . HALLECK: Halleck, Tyco Laboratories.
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I have a question pertaining to the fade of the cad-
mium - electrodes. Do you know anythin~ about whether it
fades faéter or less fast if you have a high rate, a continuous
high rate of overcharge? |

MAURER: No. I have atfew generalizations, "
that's all they are at the moment. We're going to do some of .
these studies, look at the effect of overcharge and rate or
lack of overcharge at all on the.negati&e.

But in general, I think the higher the rate, the
worse the fading is. |

HALLECK: You mean the higheg'the rate of over-
charge?

MAURER: The higher'the rate of discharge, the more
fading one accumulates. As far as charging, I'm not sure.
I don't have any real feeling for that.

FORD: Ford, NASA/Goddard.

I'd like to make two comments, one in reéard to
Bob Steinhauer's point on the low temperature overcharge test
for long periods. It is my belief that that only is a status
indicator of the present condition of the cell and as Dean
indicated, that will change on a day-to-day basis.

But I think we are missing the major point here.
Dean showed a curve labelled "coﬁmercial piates" of the degrada-
tion iﬂ ampere hour capacity of the negative electrode.. I

can show you data in NASA reports of commercial aerospace

{
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plates that look essentially the same. So you might draw your
own conclusions from that.

But my point is simply this:

I think we are basing negative capacity total in
a cell ~- this is measurable capacity as required in fhe speci-
fication, the ratio test, and.parity capacipy. We are basing '
our ratio on an early point in life. We are not taking into
consideration this degradation, and I am proposing today; and
1 think you will see it very shortly in future NASA specg,_
that one of the requirements for qualifying a éroup of neéa-

tive electrodes for a cell is to run the cycle test to demon-

strate capacity stability, and I think this is something we

-should be looking at very hard.

HALPERT: Any other comments on this pqint?

One more.

THORNELL: Thornell, ESB.

What are the energy densities on these cells?

MAURER: I'm not sure what it is for the 23. For
the little one it's in excess of one watt hour per cubic inch.
I don't know what it is in terms of weight.

HALPERT: Oka;v.

We're going to start our pre-charge session. I
guess we're going to have to do that difectly after lunch.
We have one more paper for this morning, and that is by Will

Scott, who wants to present some analysis data from the state

{
i om




0534 lqof the art plate materials.
X2ZX2ZXX SCOTT: I'd like to praesent some data that has been
éenerated to date on a program that is supported by in-house
resources at TRW directed toward detcrmining the fundamental
limitations to operating cells at very high utilization factors
The orientation of the work is toward applications

at the moment in synchronous equatorial orbits where one has

the freedom at least, let's say, of choice because of a rela-

2
3
4
5
6] or very high depths of discharge, whatever you wish.
7
8
9
0

‘tively low number of cycles, at least compared to what is re-

quired in a low earth orbit,

Nt "I IC I

This work is in support of, at the moment, of

| various other hardware and developmeni programs at TRW directed

Now most of you have seen various kinds of analyti-

| cal data for plate material in the past and I'm not going to

plate material made under a special set of conditions but not
| necessarily any different basic process conditions than is

21| ordinarily being used today.

@

22% The main differeace is that the material was -- the

23[/data that I'1) show you today was taken from plates all taken

24 1

: /|
© Ace=Federal Jinc) |
* Reporters 2$:it represents in a sense possibly ~~ "possibly," I say, a
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! .
higher distribution or a more single-point type of data than

may be ordinarily avajlable when one cannot have ava.lable to
him a siﬁgle spiral or a single small lot of plate material
made under controlled conditions.

What we did was to isolate this spiral of material,
follow i; through the manufacturer's .process and’obtain-sample;
of the material at various points in the process, including
the samples of the uﬁimpregnated plagque material #t various
stages of the impregnation and of the final plate material
prior to formation, final formation and after final formation.

I will not make any attempt £o show you all the
data that wé have but I do want to show you some snlected data
whici: is typical and point out some iateresting results that
ve are beginning to see.

First of all I would like to show you our own ver-
sion of electroﬁmiczoscope photographs of two staveas éf plate
material. One is the unimpregnated ﬁlaque and th. . .her is
the finished plate after formation.

‘ts1ide-152.)

This is a scanning electronmicroscope photograph
of the unimpregnated sinter used to make the positive plate.

 “This is at 100 X as it was printed on the
photograph as' you see it there. |
> +: "I might point out that to me this looks 1like it is

. e . .
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near the same magnification as the photos that Gerry showed

jyou earlier when he mentioned the figure 500 X. Now I'm not

| sure whaé the difference is there but I believe I'm right when

| I say that this one is at 100 X.

(s1ide:.153.) . N

This is the same material, positive plate, un-
1mpregnatéd plaque at 1,000 X. Now again here this looks much

Elarger than the photos that Gerry showed that were mentioned

as .500 X so I'm not sure why thére seems to be éhat difference.

But here you can see even more graphically than

| variation of void spaces and sizes and shapes and you can

}appreciate the problem of trying to evaluate and characterize

(6lide.154.)
I'm not sure exactly how yet to interpret the photo-~

graph on ycur right, what it all means, but one of the interest-

¢

This plate material is made by a process which

h
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involves compacting the positive material sinter prior to

impregnation.

By the way, the photograph on the left is of a

—

material that had been compacted and doesn't appear to be --
doesn't have that appearance, so I'm not quite sure yet why

these two figures don't correlate better than they do.

—
—

The other photograph of that type that I can show

you is a finished negative plate which is roughly similar in

W ® N O v & @ N

appearance to that of the pqsitive plate.

b
(=]

(S1ide.155.)

There are considerable areas that appear to be

b
—

flattened.,

s
N
.

Now what in general we are trying to do is to -~ -

-
w

We're doing two things with the anélytical approach to this

b
re

15{ plate material. As part of an Air Force-supported pfogram we

161l are going to do extensive life testing of cells countaining
17l this plate material. This life testing will be under various
18/l conditions and will extend over a period of a minimum of two

19| years and possibly longer.

20 We expect to be analyzing the condition of the plate
e 2] |material at intervals during the life test and so the analysis
’ 22| we're doing now is the reference point to which we are going

23} to be comparing the addiﬁional analyses as time and cycling

94| progresses,

Ace - Fede .
ce annqmnn,gg The other thing we're doing is on the internal-
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funded program is that we are building some séecial cells in-
house under laboratory conditions containing this plate

material, among cthers, and we are going to be cycling those
cells under conditions of 80 percent depth of discharge over

a period of time to determine basically what the mechanism of

. v*=Iradation is in terms of actual changes in the physical and )

chemical conditions of plate materials.

We're not restricting ourselves to plate materials;
we are going £o be analyzing changes in separator materials
also. So this data is the forerunner of that effort which
will be extending over a period of time.'.~

(slide .156.) .

I just want to show you a list of the types of
analyses that we are going to run for unimpregnated plaque.
I've put the word "surface" in quotation marks because I am
not quite sure éxactly yef.what we're going to be able to tell
of the surface by the scanning electron microscope. We're
stilluinvestigatiné that.

We are measuring void fraction by a»sorption of
water. Thickness and weight are of course very simple
characteristics, and purity content involves analysis for
carbon and for various metallic minor constituents by spectro-
graphic analysis.

Tﬁe plate characteristics are essentially those

that most people are thinking about and looking at these days.

'/'H.ﬂl
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I don't think I'll need to comment further on.that, but I'd

like to §how you quickly if I may -- if the gqurggling of

stomachs Jdoesn't drown me out -- one set of data for carbonate

analysis because I would like to make a point here.
(slide.157.)

Two points.

Now first of all, the two items at the top of this

are for plate material after it is finished with its complete

| processing just prior to insertion in a cell.
Now notice that the positive plate analysis -~ this
| is on weight percent -~ is higher than the negative analysis.
| Now this is interesting because the consensus of a number of

| people seems to have been that the‘pxoblem of’carbonate is

always worse on the negatives than it is on the positives and
our data don't seem to bear this out.

Now down at the bottom, I have four sets of data
from what I call our negati;e plate study. This was a set
series of analyses tracking the plate material-— This is nega-
tive plate only in this case. I don't have the data for the
positive yet -~ through the process.

Now these are slightly out of order at the bottom

but the first line gives the analysis for carbonate prior to

' formation. The second line gives you the data for the values

vacuum dried and not contacted with air except for a very few

Aty i
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minutes required to transfer them to the vacuum drying equip-
mgnt.

| The last line should be the next one in order. It's
the analysis for negative plates after completion of the normal
processing including air drying and that figure is really
comparable to the one up at the top. They Qere plates taken -
from a different point in.the spiral, and I'm not quite sure
why the range and avcrage is not the same between those two.

But that secnond line and the hottom line are com-

parable points in the process.

VOICE: Excuse me, could ybu read those numbers?

We can't see them.

SCOTT§ Yes. The four numbers at the bottom, the

average is .80, .89, .35, and .85.
The second line from the bottom is a special situa-

tion where after normal washing, the plates were vacuum dried

rather than air dried.

Now the point is here that it appears that during ' -t

in this particular case, dﬁring tfie process of formation which
involved cyéling in concentrated KOH solution, there was
essentially no change. In fact, there appears to be a slight
increase in the carbonate level in these plates.

From there to normal air dry, there was essentially
again no change in the carbonate level in the plates. However,

if, instead of air drying, the plates are taken at that point
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and are vacuur dried, there is a significant reduction in
carkunate level) down to .35 percent,'so this would tend to
indicate.that people should give some attention to the exact
metliod of washin§ and drying and handling the platés at this
point in time.

| Just to give you an orientation, the .8 percent
level would give you, if it was all extracted into the electro-
lyte in a normal cell containing a normal amount of electro-
lyte, would give you a carbonate concentration of the order of
90 grams per liter, which I consider to be excessively.hifh.

. HALPERT: I want to apologizé to Will for moving
him a little bit.faster than he planned. He had some other data
to show. |

The c}feteria is expecting us at this particular
time so we'll take a break, aﬂd since we have the pre-charge
work to start with this aftérnoon, I'm sure there is going to
be a great deal of discussion, and I'wonder if we could make
it back here by 1:30.

‘(whereupon, at 12:30 p.m., a luncheon recess

was taken.)
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AFTERNOON SESSION
~ (1:35 p.m.)

HALPERT: If there is anybody who is going to be
going to National Airport after this meeting, we have someone
who is interested in getting a ride. 1I'd appreciate it if you
would lét me know and I'll be glad to pass on the information..

For this éfternoon's session I'm going to turn
the session over to Dean Maurer, Bell Labs, who will introduce
our speakers and handle the afternoon session.

MAURER: We have a special treat fof the first
thing this afternoon. We have some moviés and Charles Thomas,
Chrysler, is going to show us how to fire up a silver-zinc
battery. |

THOMAS: This film that we will see documents the
results or partially the results of a progran thét we are
conducting for the NASA/Mafshall Space Flight Center to define
the hazards associated with silver-zinc batteries.

The haza?ds documented by this film are the ones
that are the most épectacular, that is, of spontaneous com-
bustion due to certain abnormal conditions.

Now we have had some problems with silver-zinc
batteries in the past and NASA felt that we should evaluate
more thorcughly the conditions that will cause spontaneous
comﬁustion. We have evaluated such things as -- the effect of

such things as insufficient electrolyte, shorxt circuits in

P N |



gt

6

—
-l

—y
[ M)

| overload on about a 35 ampere hour battery.

| circuit need not be low in order to cause this problen.

1 the clock.

-0 2|

| the”;ir had been evacuated from the cell and e electrolyte

| is now being drawn into the cell.

314

cells, overloads of batteries, and overheating of cells.

The £ilm that you'll see has been partially edited.
It does ﬁot include the results of all the tests. It documents,
though, first the results of 'a short'circuit in a 350 anpere
hou; cell, then second, the effect of overload on a battery

containing 350 ampere hour cells, and third, the effect of

In the case of overloads, the actual discharge
curren£ for this test was something like, oh, six times rate
maximum current. .

In the case of the short circuit in the. cell, the
resistance prlor to activation of the cell between the positlve
and negative terminals was 75 ohms. Now that's one of the

things that was very interesting. The resistance of the short

Do §ou want to start the f£ilm?

(Whereupon, a £ilm was shown with the following
commentary.)

The first part of the £ilm shows activation of the

cell. The cell that is under test is in the chamber right under

The electrolite was put into a reservoir through

which a vacuum was pulled. The Qaguum was then removed after

’ /"1»»»1‘
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Now the short circuit is diractly underneath the
cersent that holds the thermocouple on.

Now you see the electrolyte beginning to boil in
the vicinity of the short circuit. The teéemperature -- well,
it's about 150 degrees Fahrenheit.

It looks like the editor didn't leave enough of the
f temperature gauge.

The time to c¢...xtion for this cell was about 45
! minutes. |

Now you can.see ag the bottom ligﬁt and discoiora-
tion, smoke, and it appears from the glo& at the bottom that
maybe combustion has actually started on the back side or on the
| bottom, although you'll see shortly a Lright spot just to the

left of the thermocouple.
| ‘The temperature at combustion was just about 325
Fahrenheit.

Now once these things start burning, combustion is

| quite vigorous because of the --

(Laughter.)
Now this is a single cell. Think of what you'd
| have with 21 cells.
What happens is that oxygen is liberated by a break-
% down of the silver peroxide on the positive plate. This oxygen
: sup;orts combustion. Now this is 6ne of the problems which

| You have with 2 silver-zinc battery fire. 1It's very difficult

s e
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| explodes.
E times normal rating. The internal pressures were so hish that

a very large contact in the output connector was actually blown

| out like a bullet and the lid, the cover, blew off. The cove:

| battery. Now combustion occurred but was not sustained in the
| virtually all depleted beforc combustion started.
| 1ow current and did not get up to a current of sufficient

| most of the capacity.
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to extinguish, or impossible.
This was a pretty good test of that clock, toc.
(Laughter.)
Incidentally, the clock is still running.
There's some more of the £ilm. The clock is still
operabl~, This is the same clock used for battery test, )

battery overload test.

Now let's see. Watch closely. This is the one tha

Now that was a 35 ampere hour operated at about six

has 20 screws and about half of them were broken off; the other
half were just pulled out, the thread stripped off.

We've got another test. This is a2 350 ampere hour
case of this batter& because the peroxide had been apparently

We started discharquing this battery at a relatively
magnitude to cause interral overheating until we had consumed

-

Now this battsry was being discharged at 350 amps.

That is emoke. It's not electrolyte vapor. It had

e e
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1l a distinctive zinc odor that you get from a burning zinc plate.
2 Incidentally, the mode of combuslion here appears
3l to be thafthe zinc plates start burning first at about 325,

4] 350 degrees Fahrenheit. Of course after they start to burn,

5| oxygen is liberated and this raises the temperature to the point

6l where everything inside the battery burns.

7 (End of film.}
8 Any questions?
9 MAURER: Any questions?
10 GROSS: Sid Gross, Boeing.
11” Did you deliberately create ; short in the cells
12 before you =-
13 THOMAS: Right.
14 GROSS: =~- filled with electrolyte?
| How did you do that?
16 ' Tnoﬁas: We drilled a hole through the side of the

17§ plastic case between two of the plates, and of course the hole
18}l went down into the area between the plates. We then inserted a
19| stainless steel pin taat fit rather loosely. We wanted to have

20 a fairly high resistauce short.

21“ GROSS: A stcinless steel pin between all the plates
22 THOMAS: No, between just two of the plates.
23 The short circuit-~ It appears that you have a

241 greater tendency for combustion when the shcrt circuit area is

25|l small.

"4
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GROSS: Had you ever secn or heard of any similar

fires occurring natarally?

THOMAS: Yes. Afterwards you might correct my

MAURER: Any other questions?
We have a slight reorganization-- We have another
| question for you. |
PASCHAL: I might add a litﬁle bit to this.
on the batteries that had failed previously we had an estimated

unit battery that had been a spare unit for one of .the launches.

" 14| After the launch, this battery was brought back up to Marshall

15} and was put under vibration test. It was then pulled to a
16} laboratory and was sitting-in the laboratory, and of course
17§ the shelf life of this battery wet is about 120 hours, so

i .
18| obviously the shelf life had long been exceeded.

190 As a result, the cell failed through failure of

20| the separator system. This was one of them that Charlie Thomas
2]1]| is talking about.

22 A second battery was an S-4-B stage battery which
23| failed during test operations on the ﬁest Coast. This particu-

24} lar one failed as a result of a contrcller, heat controller

25| that stuck and caused the heater to fail to turn of€f. This

- TUN—————— R
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heated the battery up-- There's a heater blanket in the
botton. of this battery and of course with the controller turned
on, the Heater remained on until it was able to heat the
battery to such a temperature as to cause the battery to catch
fire. |

MAURER: We had a reorganization of the program
slightly. This afternoon was originally scheduled for thermal
properties and so we'll actually adhere to that. |

We have one or two papers on thermal properties.
That will get rid of all the fires and get the smoke out of

the room. It'll get the hea:t off and then we can get down to

{ business and have the rest of the day and into the night to

haggle over pre-charge effects.

So the next speaker will be Bill Webster on the

| design and development of the heat flow calorimeter for..

ﬁ measuring thermal propertiés of aerospace cells.

WEBSTER: The co-authcr of this paper is a fellow
by the name of Sid Teller, also a Goddard employce, and any
questions that yoﬁ might have, if you cannot reach me, I'm sure
you could also get ahold of Sid. His number is 5379.

The development of the calorimeter was decided
because people are unable to predict from theory the amount of
heat that will be generated by a nickel-cadmium baitery. This
is extremely important trn the spacecraft manager and to the

battery engineer since, as we know, a battery's operational
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life is proportional to its temperature.

For- instance, at 15 deérees C. we might expect a
five—yeai life out of a cell. At 35 degrees C., this life
would diminish to one year.

For a period of over 60 years, scientists have been
building coulometers, so why did we build another one? we11,'
we thought that of all these coulometérs. that appear in
the literature, about 400 of them, none of them were particu-
larly suited to an aerospace cell.

The problem is further complicated.by the fact that
in the next decade, NASA will be using aé least seven different
sized cells in their spacecraft ranging from a 6 ampere hour
to a 100 ampere hoﬁr sized cell, so what we wanted more than
just a coulometer, which we've had before -- I did some work
at American University on one; Joe Cherfee has done some work
on it, and quité a few other people -- is we wanted a univer-
sal coulometer, one instrument bought one time that could
handle all size cells, and that's what we got.

We had a six-month contr--t with Rocketdyne which
called for the calibration of the instrument at Godadard, the
design and construction of the instrument.

I would like in my first.slide to show you a com-
parison between a 6 and a 100 ampere hour cell, and discuss

the design psoblems confronting an instrument maker.

(§1ide.158.)
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In case some of you have forgotten, a 6 ampere hour

N

cell only weighs 250 grams, and the 100 weighs almost 4,000

w

grams, so the first problem that you have is one of geometry,

4| thermal mass, and response.

5| For insﬁance, we might anticipate that the 6 ampere
| hour cell would rate one watt where the 100 ampere hour cell

-~ we didn't really know but we speculated as high as 25 watts.

Also, as you know, you have to bring leads into and out of the

One would be Izﬁ heating and the other would be conduction
jheating. |

Again as you are aware, cells operate in a con-
straint manner so that if a desagner were to operate a cell
on a coulometer in the same manner in which he would operate
one in a spacecraft or on your lab bench, you would have some
kind of massive'constrainiﬁg plates, especially on that 100
ampere hour cell.

This would be extremely bad insofar as it would
slow down the thermal response of the cell. \
20 Also, we wanted this coulometer to be capable of
2] | operating at minus 10 degrees Centigrade through to plus 4( .
22 || degrees C., have an accuracy and reproduceability of 1 percent,
23]l and a response time of less than five minutes. |

24 All these criteria were met and in my next slide

25f I'd like to show you the philosophy of design that met this.

cell. This could cause two sources of error in the coulometer..

/~|pml
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(61ides 159, 160.)

This is just a schematic and the detailed drawing
of the cdulometérr appears on that chart over there. It is so
involved that I think the schematic is all that we can show.

First of all, we have an adiabatic shield which
isolateé.the instrument from the environment. This, through
differential thermocouples, maintains a temperature equili-‘
brium of approximately 5/100ths of a degree Centigrade.

Then we go internal to the calorimetry vessel

| itself. Now this is where the first design criteria was met.

This is a pressure vessel. We filled the vessel

| with helium. Helium has excellent thermazl properties and

eliminated the need for constraining points on the cell.

How would the coulometér.  opecrate? All right, if
you woﬁld like to look at a cell, you would place it on a
silver platform.in the coﬁifﬁetér- and if you'd like to inves-
tigate it at, say, 25 degrees C., that would be T-2 in this
equation on the left.

Then coming down from the silver tray you have a
pair of copper rods. They go down to a heat sink. This heat
sink can contain many materials but for the purpose of this
discussion we used liquid nitrogen. That's Ty That is a
fixed temperature.

The next thing that we have is K which is the

conductivity of the copper rod, A, the cross-sectional area,

C ¥ NP ST ponT ot N RO A
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and X, the lergth,

NOW'tﬁe first thing that is done is that you go
through ﬁ calculation here that says y&u need so many watts.
You apply the wattage. In this case it would be 30 watts to
the automatic heater at the top. There is a thermister circuit
there which senses the temperature and keeps the bridge in )
salance.

Now once equilibrium is established at that tempera-
ture you initiate your cell reaction and the amount of heat
that is liberated orx absbrbed by the cell during this react;on
is detected by this therr..ster bridge ané'that quantity of heat
is either added or subtracted to the automatic heater, and this

is a direct measure of the rate of reaction that takes place

iﬂ the cell.

Now I'd like to point out some of the unique featurds

of this QGsign.'

This is actually two copper cods separated by a
thin mylar film. Tﬁey serve as your positive and negative
terminals. They are sized so that you have no 12R heating
even at 100 -- well, at 50 amps was the requirement. |

Also, the heat conduétion is working for you. It id
one diréction. It is from the coulometer to your heat sink.

Aaditionally you'd say. well, what happens if you
want to look at a 6 ampere hour cell on this same coulometer

instead of a 100? You would simply use a diferent eutectic

! »
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material here. You'd use somgthing like ice Qater.

Ice water would then give you 7 here. The amount
of wattaée that you'd need to maintain that equilibrium condi-
tion at 25 degrees C. would be, instead of 30 watts,-- I
havgn't gone through the calculation but it would be consider-

ably less, like 5 watts.

-
Also, something I would not recommend but another

8f thing you could do, you could adjust the sensitivity by adjust-
c

9l ing the length of the rod.

o
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There are a lot more details on the picture, on
the poster over there which are omitted from this drawing.
For instance, there is a pressure vessel vhich goes around the
outside which has éooligg coils so that your adiabatic shield
is always applying heat to isolate the system from the environ-
ment.

Thexe are other things to take care of radiative
heat lossés. The prezssure vessel is completely gold-plated.
In addition, the copper rod coming down is protected by several
radiation shields plué a vacuum chamber so that you don't have
heat losses there. |

We have been using this coulometaer.- here at Goddard
in support of the Houston program with Grumman. We've been
looking at the 100 ampere hour cell.

One of the first things we did was Grumman fur-

nished us with a heater cell which was made by Eagle Picher

N
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Corperation which-- It removed one positive and two negative .
| plates and substituted an expanded nickel material in there.

. We used this cell to measure the response time of

| the calorimeter. |

Slide off, pleas:.

(Slide 161.)

And this is what we found.

Now there is a calibration heate; in the caloiimeﬁer

that it met the design criteria of less than 5 minutes.

Now this is what happens vhen you add a large

{thermal mass, like a 100 ampere hour cell. You can see that
it takes approximately 90 minutes for 90 perceant of your signai
| to come out. Now this was done at 25 degrees C.,.and a con~-

| stant 20 watts was put in the coulometeri. And then 100 pexcent
of your responée requirés 140 minutes. '

Next slide, please.

(Slide:lsz.)

The next thing we did is wé took a General Electric
cell in this case, a 100 ampere hour cell, and we subjected it
to a near-~earth orbit, a 90-minute orbit, 110 percent recharge
and 25 degrees C. What we were setting was the ~“fect of
thermal output versus depth of discharge. The percent recharge

was fixed; the temperature was fixed. It wis;lo percent, 15

T l»ry['
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1} percent. 20 percent, 25, 35, and 45 percent.

Now' remember, this is a 30-minute orbit so that
45 percenf, we're talking about 90 amps.
J You will also notice that the curves are changing

2
3
4
5] shape. This seems to be following a trend so that you could
)
7

current rate something else happened.

8 ~ We ran a check of the instrument to make sure it

9}l wasn't instrument error by usicz’ a copper bar across the output

10)] terminals and applying the same amouni cf current and there was

11}l no error associated with that ameunt of current.

12 My next slide.
13 (Slide. 1627) "
14 What I did was I plotted what I call inefficiency

15 vhere I took the peak thermal output versus the iﬁtegrated

16]] vatt hours duriﬁg discharge'and you can see what is happening.
17| At a diécharge rate of 20 amps with 10 percen* depth of dis-
]eHcharge, we're talking about an inefficiency -vhich people talk
19| about on OAO, about 15 percent.

20 : But as your rate goes up, your inefficiency goes
21luvp and when wa get up to 90 ampere hours, we're up as high as
22132 percent. Now this actually I would think is almost common
23| sense. It's a current density problem ths. we're pronably

24 running into here.

25 Another cousideration, though, and that may be more

predicu possibly what was going to happen. Then at the higher.
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important to a thermal engineecr, would be whaé is the average

| bay temperature, so¢ I integrated the total heat out during that
, 30-minuté discharge, put that over the elect.ical wattage,

| and we end up with a completely different picture. We're

| talking about a range from about 6 pe' zent to a maximum of 10

percent,

Not being a thermal engineer, I don't know which
one of these figures would be more significant and I don't know
in the past, when people referred to the thermal inefficiency
was typically 15 percent, which figure they were referring to,
but it's a distinction you have to make.;~If.XOu'ré.interested
in peak output, it's considerably different. 1It's as much as
25 parcent higher.

Next slide, please;

(slicde 164.)

Then of course everyone Qlways says, "Well, what
happens during overcharge," and we thought we'd take oremore
look at it, and it happens just the way everyune always says
it does.

What we have here is we have a continuous overchargq
at various rates, C over 10, C over 20, C over 40 and C over
80, and we find in each case that once the ceil has become
fully charged and you've hit an equilibrium condition, your
thermal energy and your electrical ~- your thermal and your

electrital are exac' ' th: same; that is, you multiply your
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current rate times your cell voltage and you're right on.

The little discrepancy here is probably due to the
fact thaf when we get down in this range we should have changed
the sensitivity of the éoﬁlometér.. We were up at the 30 watt
baseline; we come down here; we're looking for less than two
watts out of 30.

Nex§ slide.

(slide . 165.)

This is the last slide. This is lookiné at the
thermal output as a function of the percent reéharge. Here
we kept.the depth of dischargehconstant..‘We kept the tempera-
ture constant and we put in different amounts of energy, 105,
110, 115 percent. And you can see that there is definitely an
increase also with the percent recharge, but the order of
magnitude is much less than that that I had in the first slide
where we were télking about the effect of the denth of dis-
charge, so it is a factor.

Of course, if we continue tO'ové¥charge.the cell
then it would become a very predominant factor but we are not
in this particular experiment; only up to 115 percent.

We have right now-- We've been running this instru-
ment on a continual basis since January. We have about 125
pages here of raw data that we're reducing and we intend to
come out with out next report but to be honest,it will probably

be spring before it comes out, so if anyone is interested in

(Rl SRR e g

g




§91 2461y

vop anBiy

FivY- IOBVHIY 300

oo

LTINS

Y K A

IOVVHI

Tuox <=ow.n||._

4
]
2 4
<9 .
s T
- Ld
25 X
3 n . : ] ; . - "
ur T ﬁ. VT T B D g et S e
€= - Ii.:.. - = : : —{¢
pr Twu\l..._\.unai — i - I =1/
i cws e 50
,.w,.émaws.ﬁ 31 I b ol "
PG ) P-whvoo! . . . S 17
ET%- + n - . i

€91 2anb14
(CaWVY) J1IVY JYHISIG SahYy 34V W t:_um_c
$0f e 23 96 ok D% 9% G4 9 00 T Je a1 o or of o
” i 4
i - ¢ 5 _ e} dunof s il ey
- ory ! —

1
* : !

- i* “ ”ﬁm = “_!-.qu 511 _voﬁ ,.zﬁ
_

B S IO O S o, 1 ST AT
. T HEANS

225% L.Z..?P
1229 Vv #ly oot

= -t -~ Jox+ -] --1- -

WATTS

SIIVM = LyaH

SIN ]

"
4

R
Y /YRS

%
HEAT

TN G mog | I
- m .w! _v - : oS \,“.T\ T - _I..
- wcw.u:- uvh g Joel T Suno :
TIRYIHL Y = ANFHA428] TURIIHIAVIE L AONYIN 43I T
- oh -
e NN !

vy EEREIFN« -L

; _ I O h mswu_m;-..ﬂ i :
P RIS T S.,Quﬁ..,._.: .

i3
T

:dmmv\s\__ Aw\

U 0,57 Y

..n.ngE- W - <02 4.. -

b~

sl

S LYY m'u¢<10¢m,u ANINIIIT 40
NOLLINDI X5V 3OV LIV TYQWLITLT SA IVHYINL

328A

271 2nByy

—————— JYYH D ———f——3 0¥ d310 1
1 \ H 14‘.- . i

N o w >»™mag -9

WATTS

-

S11YM - LYl

huse forliu /s
W.—u mw}x«!r

dNZL
o} INVHIIY %ou
L3 prw evoor




W =
T ERAY A e

eb1? 1

0 o N O O

10
| n

C ' 12
. 13

14

15

16

17

18

19

20

| 21
& .
23

24

ce - Federal Repotters, Inc.
25

T

329

obtaining more information, we have it here and we just haven't

had time to get it published yet.

MAURER: I have a question to start off, Bill.

In some of the curves that you showed it would ap-
pecr that the time constant of this system was something on the
order of an hour and yet you were showing heat flow data that
was considerably less than an hour, like 30 minutes. How do
you know whether what you're measuring is controlled by the
system or whether it is controlled by thé cell?

‘WEBSTER: Your observation is corréct. We cannot
do anything about improving the response of the system since
the thermal mass of the cell governs that. However, the system
is an equilibrium system. It operates at 25 degrees C., and
§n the C over 2 discharge tc one volt where we are going for
; period of two hours, the curve of our heat output follows
exactly the curQé that we oﬁtain from a heater cell.

The cnly thing I coﬁld s;y regarding this, and it's
probably not really answaring your question, is that if at the
end of 30 minutes you were to go back to your calibration curve
and you'd see this represents some percentage of the total out-
put, maybe 60 percent, if you were to continue at this rate to
one volt which would take maybe two hours or longer, you would
sec that these two values concur.

So I don't think the instrument is influencing it

and it is a valid criticism, though, that you're not seecing all
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the heat, but it is due to the mass of the cell.

GROSS: Sid Gross, Boeing.

I've calculated the thermal response of cells, not
that one buf others, quite large, approaching that, and it's on
the order of four or five minutes so therefore, the one hour
time reséonse of your instrument appears to be mostly due to i
the design of the instrument and not the response of the cell.

It is possible to closely approximate the thermal
response of the cell with other design gpproacheé.

WEBSTER: Sid, a question on that. What order of
wattage are you talking about and how di& you run your ex-
periment?

GROSS : Therﬁal response is calculable and it's
not a function of the heat rate. It's the time required to
approach one over pi on the final asymptét of the result.

WEBSTER: And you think a cell of this size has a
thermal response of less than five minutes?

GROSS: Well, I haven't calcﬁlated.thﬁt but you
could easily calculate it. It's quite straightforward.

WEBSTER: What size.cell are you talking about?

GROSS: I've calculated it on a cell about an inch
and a quarter thick.

WEBSTER: That's the same thickness. But what about

the rest of the geometry?

GROSS: Well, I think this dimension turns out to be

«r
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the most important.

WEBSTER: We're talking about 4,000 gram§ of weight
here.

GROSS : Well,_the thermal response is a function
of the thickness squared and the.thermal diffusivity and the

conductivity, and you can do i’ “airly straightforward by

calculation and get a pretty close estimate of what the responsgq

of the cell is.

Or I cuess you can actually run an experiment where
you separate the cell from the coulometer in an experiment
designed specifically to measure the thefmal resronse of the
cell --

WEBSTEﬁ: That's right.

GROSS: =-- and that would confirm or get a more
accurate value. And I think if you do this that you will be
able to identify most of ydur one hour time response as a
built-in design feature of the coulodmeter.

WEBSTER: I will certainly look into this. I think
it has been léoked into. I will have to look back inté the
reports. The fellow who did this is Dr. Bill Johnson, who is
internationally known for his work in coulpmetry.

He did go through such a calculation. I believe it
appeared in the first report concerning the design of the
instrunent, and we have operated it without the cell in £here

and the response time has been less than several minutes, and

!
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with the cell in there then the response time has gone up to
the times indicated. And the sexvo loop for the coulometer
has a reéponse time on the order of seconds, so I don“ﬁ really
think --

GROSS: The calcuiations I've made on this kind of
thing, the heat transfer between the cell su;face and the
heat sink is the critical step.

MAURER: Bobé

STEINHAUER: Steinhauer, Hughes.

Bill,your data is 25 percent at the discharge and
I assume you are concentrating on that for obvious reasons,
but will you be generating or are you in the process of
generating data for deeper depths, namely geared at synchronous

WEBSTER: Yes, in the near future here we're going

to be supporting the ATS and 0SC project here at Goddard, and

the ATS is a sYnchronous‘orbit program. We'll be looking at
15 ampere hour cells, 50 percent depth of discharge, and
various other depths of discharge, and supporting also the SMS
program here at Goddard.

I might also mention that this instrument is avail-
able for uses by private industry insofar as requesting us
to run some cells for you in it. And sometimes we might not
be able to accommodate this by schedule and we might.Be able
to take a cell which we have in there, like for instance the

15 for ATS, and approximate your regime while we have that

”
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2| MAURER: Our next speaker is Joseph Yuer who will ;
ﬁ 31 talk aboﬁt controlled battery temerature in satellites with
. 4| Berlon and Berlox,
5 YUEN: We all have heard about batteries. Since

6|l wve are the space satellite battery user, I'm going to give you

7}some information and results from the battery that is now on ﬂ
we e g{the satellite in orbit.
ol Most of our battery packs are 918 F size poly- i
10, propyléne triple-sealed cells. The size of the pack is
11 || roughly 5-1/2 inches by 7-1/2 inches in diameter and weighs ‘i
' 12 about 15 --111-1)2 pounds. \
@ 13 . All cells are supported by an eclLo form mode and | i

14[|in the early part of our program we put this mode with the.
15||battery pack inside of a sealed container. In the last two

" 14launches we have witnessed a rise in battery temperature and

17lthis is the configuration of our batﬁery pack:

18 (Slide 166.)

19 Here is the battery pack, the F cells ihside with

20|the nylon insulator and this whole pack is inside a sealed

21

‘Ej 22

23 ime we did not monitor the temperature on the cell itself.

tontainer. And we monitored the battery pack with a tempera-

ure sensor that was buried inside of the echo form. At that

24 So a year ago our battery pack witnessed a high

‘- Inc.
Federnt Reportess, ;3 emperature on the payload. We were not able to command the
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TH on so we're guessing the temperature is a iittle bit high.
- So on.our' last launch, solar F-10 which launched
from Wallbps Island in July of this year, four months ago,
we feel that the battery problem-- The batte;y was kind of
hot so we used another method of trying to conduct the heat

avay from the battery pack.

We are also monitoring the temperature on the cells,

on top of the cells. On the battery pack we have two rings
of cells, an inner ring and an outer ring. wWe also monitored
the cells, each cell on the inner ring and the outer ring.

The b&ttery pack is also supéorteé the same way
with echo form but we add an aluminum plate underneath with
the nylon’ separators. But we also did away with the cover --
I mean the hermetic seal cover Eécause we feel that the cells
themselves are hermetically sealed so why launch the battery
pack with a sealed cover?

So instead of insulating it with the nylon .re used
a Berlon -- Berlox disk, which is a ceramic disk, beryllium
oxide filled ceramic, and the glue the ceramic onto the bottom
of the cell and also onto an aluminum substrate. We glued it
with beryllium-filled oxide RTV Berlon. They call it Berlon.
These two items are made by Naiional Beryllium Oxide up in
Haskell, lNew Jersey.

We've got temperature from the payload now, so

it's a veiy comfortable temperature.
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“ eb2f ] (Slide 167.)
; 2 At 62 percent ~un the battery pack ranged from 21
Q 3 to 24 degfees C.; at 63, from 25 to 28; at 90 percent sun it's
i 41 34 to 36. And I just got word from the office a while ago
5| that this payload now is in 100 percent sun and the battery
6] has only gone up as high as 38 degrees C. )
7 The rest of the payload is pregty cool.
8 I think the battery pack sits on a suppert tube
9" that mainly supports the rest of the electronics in the pay-

10 load and the éupport tube is also mounted to a thick plate of

ll. honeycomb, and that's what the electroniés are on. And the

‘E?- ' 12|} honeyvcomb plate is only seeing about 21 or 26 degrees C. And
13| this method we used to carry heat away shows very good results.
14 ' Now I would also like to mention something about
15|| the rectangular cells. This was on the round cells.

16 ’ On the rectangﬁlar cells I havevnow worked out a

17 method using annodized shim to éo between each cell. As we

18/l all know, hard coat annodized aluminum is a good insulator but

19 it is also a good thermal carrier. So in between cells we have

20f a thin £ilm of annodized shim and we clamp them this way. We

21| have to clamp them anyway so we might as well clamp them and
@ 22|l carry heat down to another heat sink plate and it will be

23| mounted into our honeycomb substrate by that method to carry

24| heat away.

"3 Ace - Fedorsl Reporters, Inc.
p. (oot Reportens. 0% (Slide ' 168,169.)
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!
On the side of the cell we will also clamp it to
another annodized shim to carry heat away further. We feel

that this method of controlling the temperature in the battery
in the payload has been qpite successful. This is the method
we have hoped to carry on.

| That's all.

Any questions?

GROSS: Sid Gross, Boeing.

I didn't understand how you get the heat out from
the bent shim to the bottom. Is it bonded on?

YUEN: The bent shim is this‘one-right here,
actually, and this is another-- You have another heat plate
which is right underneath the kent shim.

GROSS: The two are bonded then?
YUEN: This is also bolted to another big plate
that is also a support plate of the payload.

GROSS: This shim then is bolted to something under-
neath it?

Y(JEN: Right.
GROSS: On the outside, on the outside flange?

YUEN: No, no. These flange are the bolting flange
and also hold the cell down to the plate.

GROSS: Okay.
One comment on the use of annodizing aluminum --

annodized aluminum for an insulator. This is kind of an iffy
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thing sometimes and it might warrant looking into. It is harad
to depend on consistent protection at battery voltages.

YUEN: We plan to use a two-terminal cell and so
I figure the voltage between the case and the inside won't
be too great.

GROSS: As I recall, the annodizing films break
down around 15 volts.

YUEN: But I'm quite sure you'll have about maybe
a tenth of a volt in between.

GROSS: I guess it would be worth looking into.
Sometimes you can get a whole battery voitage across the
insulator in certain failure modes.

MAURE#: The highest plate voltage in’the. cell will
sitting between the cell case, inside the cell case and the
case in contact through this aluminized plate to the ground?

YUEN: Yes, but we also have insulétion inside the
cell.

MAURER: But that's in contact with the electro-
lyte so-- 1nsvlation inside the cell can will be in contact
with electroulyte and that can only stand 1.2 volts per cell
until you get hydrogen. |

CARR: Earl Carr, Eagle Picher.

It seems to me that probably the spacecraft is
grounded so that whenever you ha;e a series string of cells

you have built up a potential and you've got voltage to that
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case through the electrolyte path and you can have a breakdown
of electrolyte and that is a single point failure.

YULN: We have measured hard core annodized. Hard
core annodized they claim is roughly about 3 mils - thick and

I used an ohmmeter with two scribes in my hand and I couldn't

‘even break through to read any kind of a resistance. .

STROUP: Gene Stroup from Goddard.

Joe, it seems to me I recall reading some reports
from TRW Systems regarding an attempt to annodize on the 0GO
battery, I believe it was.

Would anybody from TRW like to address the subject
of your annodizing on that particular project?

I doﬁ't know what the annodizing-- I don't know ‘
how you did that or what the thickness of it was. That might
clarify this point that Joe has brought up. |

| SCOTT: Scott from TRW.
Since you've put me on tﬁe spot, Gene, I ha&e to
say something, =--
| (Laughter.)
-~ and that something is that I wasn't around when that was
going on. |
(Laughter.)

But I'll say one other thiﬂg and that is'that I

concur with the people who are concerned with the high voltage

available at the positive end of a multicell series string

mmmwmmw- i W R
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battery and also there is anotiher potential pfoblem and that
is during ground handling or if you have any -- especially if
you have any electrolyte lecakage -- perish the thought -- you
can get high conductivity through the pores of some of these
annodized films. That will be an accelerated point of break-
down of the annodizing and you can really have problems.

But I'don't remember anything-- I don't have any
kqowledge of what the story was on the 0GO program, Gene.
Sorry.

STROUP: One other thing on that. TRW did use

a fiberglass sort of insulating material between the annodized

structure and the cell, the annodized heat transport'fin aﬁd
the eell.,ilp seems'to me-~- I did not measure the depth of
the annodizing itself but it seems to me that it was thinner,
much thinner than what you described, Joe, and it might be
worth looking into.

I believe I may haQe some of these in the iab.

YUEN: fes, but when you;re-using a fibérglass
insulating you're defeating the purpose of that annodized
can carrying thermal conductivity.

STROUP: Yes, but I understand it was necessary in
this particular case.

MAURER: One more quéstion before we go on to the

next, and coffec after that.

GASTON: Gaston, Grumman.,
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I have a comment. On the OAO bat£eries we have
certain similarities to your packaging and certain differences.
We do havé a hard coat annodized heat £in, L-shaped, but before
we take the cell wve wrap ;t in a layer of Kapton, about one
‘af L Kapton to insulate it. Then we embed it in a Dow Corning pqg
ting material to smooth the surface of the cell so we get a )
good thermal contact.

So we do have more than one insulation. We do
have the hard coat that's an insulation and we do have the
Kapton and additionally, we have the Dow Corning potting.

And at the bottom of the L sﬁape that is mounted
directly against a heat sink, again we have an insulation there.
i think it is also Dow Cérning, where it is mounted against
the heat sink.

So you have various numbers of insulation and
additional electrical leakége path protection.

YUEN: One ﬁore thing I forgot to mention.

(slide .169.)

Besides the annodized we were also anticipating
a surface that would be not flat so we were also going to
use some of these in between so that will probably still furthe:
carry the heat away and take care of any voids that there
is.

MAURER: One more question from Steinhauer.

STEINHAUER: Steinhauer, Hughes.
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Without telling tales out of school, I do recommend

that you look carefully into insulating of cells electrically.

One other possibility is if a cell case dces get
grounded, what is the potential of that case with respact to
the electrodes in thét cell and what type of gases could be
generated.

MAURER: The next presentation will be by Dan -
Lehrfeld, whom Steve Gaston had mentioned would tell us about
the thermal design of the Grumman 100 ampere hour battery.‘

LEHRFELD: I have requested some time in this
session to provide some additional backgfquﬁd information on
a subjec? that Steve Gaston first introduced yesterday, and
that is the work we've been doing at Grumman on the design
of a 4~cell module for a manned.orbital space station.

I'1ll present some of this additional material and
then perhaps if there are any quegtions, even leit over from
yesterday or that may arise today, I'll be happy to answer
them, .

Basically the goal of our work ét Grumman is to
design a 4-cell module vhich can be a building block to a
space power system for a 25-kilowatt manned orbital space
station. I have some notes here that perhaps I could project
on the screen. It might help familiarize some of you with
the manned space station program if you are not already so

familiar.

1
X
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" eb30 1 . {Slide 170.)
The ‘'space station prodram being studied for NASA

by McDonnell Douglas and North American-Rockwell considers a

h WN

manned system with an average power level of 25 kilowatts.

What this means to the battery system and to backtrack, the

o~ Wn

power system for this station is foreseen as a solar cell

~

nickel-cadmium battery system.
8 A typical battery system would consist of 148 of
9| our 4-cell modules or 672 cells. This corresponds to an

10| average 30 percent depth of discharge in orbit.

11 To give you some feel for the size of the system,

#
&,
£
[

5

©

12} that number of 100 ampere hour cells weighs approximately three

E' 13 tons and we're talkihg about a total module weight of on the -
% 14 order of four tons, allowing about 35 percent for §ackaging.
E ‘ 15 : The battery voltages in the system and the actual ‘ i
é lbL‘systém configurétion varieé with the study. The different i
% 17|l contractors are lcoking at many different systems. Typically |
; 18|| we have seen systems described as 21-module batteries, eight
19l such batteries comprising the total system, or 28-module -
20| batteries, these modules strung in series, six such batteries
21|l comprising that particular system.
Q 22 Sc you can see that we're talking about a fairly
23| large number of cells and the battery system does represent a
i 24§ significant part of the over-all space station program.
.Ekce-l-‘edonl Reporters, l;cs (Slide. 171.)
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FOWER LEVEL:
1 FOWER SYSTEM:
BATTERY SYSTEM:

BATTERY WEIGHTS:
BATTERY SYSTEM

CONFIGURATIONS:
TYPICAL CONCEPTS:

BACKGROUND INFORMATION ON

MANNED SPACE STATION PROGRAM

25 KW (average)
¢
168 -4 cell modules (672 100 AH cells)

Solar array/Ni-Cd battery

(based on 30% average DOD, 94 min, orbit)
672 cells (@ 8.5 lbs./cell) 3 tons
168 modules (8 33% packaging wgt.) L tons

Vary with electri:- 2l system concept
a) 8-21 wodule batteries in parallel

b) 6-28 module batteries in parallel
Figure 170

100 A,H, MODULE DESIGN REQUIREMENTS

MECHANICAL: 0)
b)

_ELECTRICAL: o)
- )

c)

mmmmmmz 9
)

THERVAL3 a)
b)

c)

a)
e)

f)

0 psia to 100 psig internal cell pressures
Sxturn type vehicle launch loads
4-100 AH Ni-Cd cells connected in series

12 to S0% orbital DOD

Case to case (and case to ground) electrical isolation

Module removal (and installation) vithv;t breaking
coolant lines

Target Weight: U5 pounds

Heat removal via a circulating water cooling loop
32 to 55°F inlet water tempersture @ 30 lb/hr, flow
rate

0 to 14.7 psia compartment pressures

0 to 1g gravitational field

Allovable cell (case) temperature range 32 to 68°F
(0 to 20°C)

Minimize cell t0 cell temperature gradients
Figure 171
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This next page will outline some of the requirements

‘that have been defined for us in the design of this module.

Mechanically we've designed it for internal cell
pressureé ranging from zero psia up to 100 psig and addi-
tiocnally we've designed for the type of launch loads you would
expect from a Saturn-type vehicle. )

Electrically we have four 100 ampere hour sized
celis connected in series. Our orbital regime varies from
12 to 50 percent depth of discharge over a 94-minute orbit.

Additionally, we must provide case-to-case isola-
tion and case-to-ground isolation within‘the module.

We also have maintainability and human factors
considerations because each of these modules is replaceable in
orbit. The entire béttery system .over the life of the space
station system will probably be replaced many times. That is
the reason for éackaging this four cells as the basic unit.

Two requirements which we thought of putting down
here just off the top of our heads were the target weight in
our program which is approximately 45 pounds, and that's-come
out of human factor studies which have.been done which have
shown that that's approximately the maximum weight tha+ an
astronaut in orbit should be required to handle.

Additionally, we just design our module to mount
with a cooling system and to be removable without breaking any

fluid lines in that system,

y
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eb3z" ] Some of the thermal requircments that we have to
-2] contend with are we are designing for heat removal via a
N 3 circulatiﬁg water system. There is a water system aboard the
7 i 4] space station in the baseline studies through which a;l elec-
5] trical equipment dissipates its excess heat. \
6 We are designing for a range of inlet coolant )
7] temperatures from 32 up to 55 degreés F. at a flow rate of 30
8| pounds per hour available per mcdule. .
9' Additional requirements are that the modules be
10 mounted in crew-habitable compartments which can be up to 4
11| 14.7 psia environment or during a depreséurized operation could ;
,} 12} be zero. And the graviéational field in the space station can j
| ]3 be either zero G or up to one G.
14 The requirementson our cells are that the package
15[ must maintain cell temperatures no higher than 68 degrees F. ]
16|| or 20 degrees C. while the'package is gxposed to the maximum
17} environment. Our minimum temperature is 32 degrees F. although
18] in the space station that requirement is automatically met. l
19 What I have down there is cell case temperature.
20| When we speak of cell teméerature we refer to the temperature
21] on the cell case; that's our reference temperature.
j 22 Additionally, because we have four cells packaged
23} and we have a moving coolant system picking uop the heat that
24| ve're rejecting, there will be some variation in temperature
ederal Reports, ‘5‘5 from cell to cell, and we've tried to minimize that variation
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so that the four cells are as nearly isothermal as possible.

(Slide 89.)

I have a Vu-graph which we'll put on now that shows
the 100 ampere hour module that we've constructed for engineer-
ing evaluation tests. The picture was taken during fabrica-
tion; it's not complete but I think it can illustrate the
design to you.

We call this the flat-pack design. I should back-
track to say that in our studies we have consicered many dif-
ferent geometric arrangements and we've looked at alternate |
possibilities in packaging the module. ﬁowever, the thermal
requirements are pretty stiff; that is, we've got to maintain
the maximum cell case temperature at 68 degrees with a coolant
inlet temperature of 55, so we've only got a total thermal
gradient of 13 dégrees allowable.

So some of the more traditional packaging methods
that we've looked at such as packing cells broad side to broad
side with thermal conduction fins in between and channeling
heat down to a Base plate -- we've looked at those but those
resulted in very larg;, massive thermal conduction plates be-
cause of the size of the cell.

We're talking about a large amount of heat and the
height of the cell being approximately 7-1/2 inches high, that
heat has a long distance to travel to a typical base plate

nmounting system, That would result in a very large gradient

ST
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over the face of the cell and to counteract tﬁat you would
require very massive plates.

The design that we've come up with here is lighter
in weight. It meets the requirements. It comés very close to
our gohls, and we think it's a very simple package because it
is easy to fabricate; it doesn't require internal heat pipes )
which is one of the things we did consider in our program but
the fact that we do not require them we think is a plus for
this design.

To describe it for you, Qe have the four cells end-
to-end, resulting in a very long, narrow‘package. The heat
dissipated within the cells primarily comes out the broad faces
of the cells across an interface which consists of Kapton
tape and capsulate material, a hard anodized coating, to the
side walls of the module.

It is conducted down the side walls to the mounting
flange. This is the mounting flange, one on each side of the
package. The heat is channeled to this mounting flange. It's
rejected through a bolted interf;ce to a cold rail.

This cold rail typically would be a long aluminum
extrusion which provides a passage for a flow of coolant past
the module and it also provides structural support for the
module in a typical system. -

The cannister itself is made out of 6061 T-6

zluminum. This side plate you see here, 30 inches by
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approximately 8 inches, is one integral piece of aluminum
that has been machined out. These are stiffening ribs required
to constrﬁin the cell pressures that we're designing for.

The module mounts to this cold rail via captive
hardware which is not shown in this drawing, a°.d this is early
in its fabrication. The captive hardwarec consists of bolts '

which would be installed here. They move with the mndule and

they simplify the ease of installaticn of the module in that

9| the module just has to be slipped in between the two cold rails
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and a normal Phillip's head type screwdriver used to fasten
the module to the cold rails. |

We use a silicon grease interface material between
the cold. rail and module to enhance *he film performance of
the interface.

What's shown-- Structurally, let me say this:

We érovide-- Our basic cannister provides for
containment of the cell on five sides. This top ~over which is
installed last is bélted down and constrains the sixth side, so
we do constrain all six sides in our design.

It is hard to see in this picture but each 9f tae
cells is in an individual compartment. There is a base plate.
There are end plates, and there are cross pieces separating
these into four separate compartments.

What is shown here are £abs which are welded to the

side plates. They structurally connect these cross piecces to

(ks s . o i
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| material. We did study various potting materials. We selected
| one which has very good heat transfer properties. It has a XK'

of 0.5 btu pes hour per foot, and very low viscosity which

i the bottom of each one of these cannisteis. The cell would

348

the side plate making it a one-piece, rigid construction.
To speak just about the fabrication techniques,
the way fhe module is built up is after assembly of this basic

cannister, we would take a premeasured amount of potting

was important, as I'll get into later.
We would measure cut predetermined volumes of this

potting material. After it is catalyzed we would pour it into

then be taken-- The cell is potted with an internal vacuum
in the cell. It would bé taken and placed down into the cannisf
ter to sit on top of that layer. Then it would be allowed to
sink under its own weight, allowing the potting to rise around
all four edges of the cell.

Then we apply pressure to the tép of the cell until
it is fully seated; By that time the potting will have flowed
up all around the cell and we guarantee that we are encapsu-
lating the entire cell.

The finql step after that potting hardens,we would
top pot and then install the cover.

Let me just mention, the cells that are shown here
are the heater cells which were constructed for us by Eagle

Picher. That's these two extra set of terminals you see here.

G ME M v g
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Those are the terminals by which we energize that heater cell,

(slide. 172.) ' /

This Vu-graph just summarizes the status of éur
program, where we've actqally gone to.

We've designed, fabricated. We've assembl;d an
engineering test module with four actual cells. We've selected
our configuration which is the flat pack; it has been optimized|
We do feel it is the optimal consideration based on weight,
thermal performance, maintainability, and the structural re-
quirements.

We have run an engineering eéaluation program of

both thermal tests to demonstrate the design the proof pressure

tests. These have been completed and the module has performed

MAURER: Thank you. .

I think in order to keep within our time frame --
A few peéple have flights to catch earlier -- or later, rather,
in the afternoon -- let's not have questions now. In fact,
let's have coffee --

(Laughter.)
-- and perhaps the thermal discussion can go on in small

groups.

(Recess. )
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MAURER: We've finally made it to the star attrac-
tion of the session, the pre-charge.session. And the first
speaker Qill be Dr. Font from SAFT, who will speak on a study
of different pre-charge levels in 20 ampere hour cells.

FONT: I will try to present to.you some results on
the pre-charge study performed on. the 20'§mpere hour --:- o
cells under a contract program or contract study.

In the preliminary study we have determined that
after formation cycles on the plates, cadmium remains on the
plates and this hés been determined by chemicai analysis to
be from four to seven ampere hours on our 20 ampere hour cells.

' I have to state that we have negative to positive
ratios in these cells, theoretical ratio, theoretical capaci-
ties of 2.0 which is real capacities are about 1.7.

We have performed three different levels of pre-l
charge in three different groups in thesé cells and we have
performed this pre-charge using.a venting technique. I will
show you the results.

(Slide. 173.)

On orygen evoluation on all these cells of the con-
tract, we see in this table that the rate of oxygen evolution
is about twice between all the cells from 300 cubic centimeters
to 600 cubic centimeters.

(Slide. 174.)

This table represents results on pre-charge
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measurement. We have made in all the study two different
measurements, one by chemical analysis and one by electro-
chemical ﬁeasurements.

You see on the first table there the results on
ampere hours of the cells -- ampere hour determination of cad-
mium, inactive cadmium on the plate. We have put on these
cells, E group, four ampere hours corresponding to oxygen;
ten in F group, and 16 in .group.G.

So before doing anything else, in each group we
have- total. pre-charge of 1 to 11, 14 to 17, and 20 to 23. In
these cells we have performed a cyc}ing éest, 30 cycles and
each cycle's duration is 12 hours, 1l hours charge at zero-1l0
and one hour pre-charge.at zero~2. rate.

(Slide 175.)

Here are the pressure evolutions expressa2d in abso-
lute pressure :§ersus the iime. And we sec that in the group
of higher pre-charge, the pressures are lower than they are
in the other pre-charge adjustment. This is on cycle 2,

(Slide. 176.) |

And we have another sheet where we see on cycle
29 it is almost the same. We have to notice a little dif-
ference in the end of charge pressure, more senstive in G

group than in any other; very little change.

The last pre~charge cycle on these cells shows the
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following curve.

(slide 174.). s

We'll see this later, ~nother time.

I will present the first result here.

Before doing these cycles, we have measured the
ampere hour electrochemical measurement on each group, ancd we
have found the foliowing;results which are less than the ampere
hours we have put at theVSeginning on these cells.

'We have performed éhemical analysis on the same
cells and found the following results. This is that electro-
chemical measurements show it's less thaﬂ what we have put on
the cells but that chemical -- cadmium has increased. But we
have to note that the total amount of pre-chaxrge is about the
same as we had before, except perhaps on this group which is
a little higher, but we have to take into account the accuracy
of méasurements; both elecfrochemical or chemical.

"Now we are on the step of measufing electrochemical
and chemical pre-charge in these cells after 30 cycles and we
see that electrochemical has increased in each of these groups
from 1.8 to 8.6, 4.8, 14, 10.4, 20. We have not yet performed
the chemical analysis on these cells. The test is running.

Th; important point is that you have an increase
in electrochemical measurement on -each group.and this increase
can be explained in the following ways.

(slide 177.)
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First of all, we can explain it by the same explana-
tion that Dean'Maurer said this morning about the activation
of chemicélly determined inactive cadmium.

The second point, cadmium oxidation of separator.

And the third point, nickel attack on positive

Y

electrode by oxygen.

So we have not performed the chemical analysis on
the cells after the cyclihg. We ;re not able to say exactly
what are one of the many possibilities here.

But I have to go back to the dischnarge curve after
*\7

cycling in which we see that the capacities on the high pre- »

charge group is higher to one vblt -~ is higher for the high
pre-charge level and they follow on the pre-charge measurement.

(slide 178.)

Sc seeing this curve, I should say several poirts.

Firét of all, ohr pre-charge level, consideripg
the end of charge pressure and capacity after cycling tests
seems to be good for the cell -- yes, for the cell,

A lower pre-charge level gives lower capacity and
higher pressure but if we consider the increase in pre-charge
measurement, electrochemibal pre-charge measurement, we see
that high pre-charge levels are very dangerous for the cell
because we need either for long-lifétime cycling overcharge
protection which is discharged cadmium.

And aé we have not all the results on the chemical
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analysis from thesc cells, we cannot make a further staterent

or hypothesis on this point.

Thank you.

MAURER: Exercising the privilege of office, I will
ask the first question.

{Laughter.)

How did you measure the electrochemical capacity
of the negatives in the cells?

FONT: We mecasured the alectrochemical capacity--
We drilled a hole on the cell after discharging it to one volt
and we put the cell in open condition in potassium hydroxide
and we reversed it versus the mercuric¢ reference’electrode and
we measured the capacity to minus 0,5 volts

O'ROURKE: O'Rourke, Grumman.

I have two questions I want to ask you.

You said on the one chért you had up there that
you had put a certain amount of pre-charge in the cell. Did
you determine this by a rate/time method or did you measure the
amount of gas coming out of the cell or --

FONT: Putting on the pre-charge, we measure the
amount of oxygen. In the slide I have shown only the beginning

until 1,000 cubic centimeters which is the same extrapolation

for the highest pre-charge level. 1It's about 3,000 cubic

centimeters at pre-charge.

O'ROURKE: How many cubic centimeters of axygen per

e o Y " .
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' ampere hour? What was the relationship you used?

FONT: We used one gram of oxygen, one gram of
oxygen, 3.3 ampere hours.

O'ROURKE: Okay.

The other question I had was what type of time
period elapsed from the time that these plates or cells were -
immersed in electrolyte from the time that you made the actual
electrical pre-charge measurement? Was there any attempt to
control :that time?

FONT: After formation cycles? AaAfter formation
cycling through the electrolyte?

O'ROURKE: Did you take a pre-charge measurament
directly after the pre-charge adjustment or did they go through
formation cycles first?

FONT: After pre-charge adjustment we closed the
cell and we performed two cycles at C over 10. The pre-charge
measurement was made immediately éfter the first pre-charge,
after pre-charge. Immediately after pre-charge using venting

technique, we closed the cell. We performed a decharge to one

volt and at this time we determined the electrochemical capacity|

O'ROURKE: Okay.

The reason I bring this up is I'm going to present
something in a minute. I've found the correlation between the
soaking time, in cther words, the time you actually £fill the

cell with electrolyte, to the time that you do the pre-charge

e PR ————y - .. .. 2 e ne———
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adjustment. I've found out there is a relationship between the
amount of pre-charge a cell will have, and that's why I was

just wondering whether that time was either controlled or

i measured.

FONT: Going into details, after which -- after
formation cycles we assemble the cell and we fill with electro-
lyte. Between performing any charging cycle we keep them 72
hours in that state after we perform one preliminary cycle in
a closed condition and after we perform the pre-cliarge adjust~
ment.

CARR: Ear. Carr, Eagle Pichér.

I couldn't see all the numbers but just simply:

Were the plates all the same before you set pre-
charge? In other words, was there th2 same améunt of cadmium
iﬁ all of the cells?

FON@: In all this contract the plates were of the
same lot.

CARR: Okay. Very good.

And then the next thing is what was the voltage
difference during the overcharge for the three levels of pre-
charge?

FONT: We didn't perform overcharge, alonc over-'
charge ‘time in these cells but the end of charge --

CARR: Well, what I was referring to is you

presented some pressure data and corresponding to that pressure
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% ;ﬁ% 1| data, what was the difference in voltage between the cell that '
g | 2| was pre-charged?
& ('i 3 " FONT: I think it was not higher than 10 milli-
fé . 41 volts, 10 to 20 millivolts between the different groups. We .
%2 ' 5 had to state that the end of charge pressure are no very
6l aifferent, too. There is only 200 millibars.
7 KIPP: Ed4 Kipp, Gulton.
8“ Can we assume these are starved cells?
9 FONT: Yes.
10 DUNLOFP: Jim Dunlop, Comsat.
11 One point, partially in answer to the centleman's ]
) 12|l question in front here, that Dr. Font and I had talked about '
?3 before his presentation. I thirk I'm going to add something ;
14| I think he meant to say. §
15 These pre-charge measurements that he is talking §
16| ahout were made.-; the measurements were made after the pre- g‘
17|l charge was set. He got different results-- I. y¢ 111 notice %‘
18|| the first time he sét the pre-charge he put in four -- in one ;
19i case he put in four ampere hours of pre-charge and only _
20 measured 1.8 electrochemically. i 2
; 21 In answer to your question, he also did a chemical
i‘q. Q 22|l analysis and he found that the remaining -- he Jound that it
23] was essential for him to determine the total amount of pre- i
| 24 charge that he had in that cell at any time to do both the
;ce =~ Federal Repciters, Inc.
- 251 chemical and the electrochemical anaiysis. And by doing just
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the electrochemical measurement he could not determine how much
pre-charge he had in those cells at any time.

STEINHAUER: Steinhauer, Hughes.

Dr. Font, could you tell us what method of chemical
analysis was used? Was it complex symmetric titration or
calometric?

FONT: It was titration by EDTA method.

SEIGER: Seiger of Heliotek.

Could you tell us whether you have the same amount
of electrolyte in each of those groups before you set the pre-
charge? .

FONT: Before we set the pre-charge we have exactly
the same amount of electrolyte.

BET2: Betz, from Fairchild.

The initial chenical pre-charge that you showed
there for thz seven ampere~hours, that's the valuability from
the end of your formation procesc?

FONT: This is the difference on all-- We have
performed these measurements on about 20 plates and this is
the total deviation of the measurements.

BETZ: Coming out of formation?

FONT: Immediately after formation.

BETZ: Okay.

The second question: After your discharge to one

volt, do you resistively load the cell to zero volts before you
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'mes. 're your pre-charge? That is the Goddard technijue -~

FONT: At what stage?
BETZ: After discharge to one volt, the technique

for pre-charge measurement has included an intermediate step

i of resistively loading the cell until it goes to zero volts.

- 8
FONT: After discharging to one volt, we have dis~

charged at C over 10 rate from one volt to zero.

BETZ: Then C over 10 from one volt to zero.

FONT: And after, from zero to minus 0.5 C over
10, too.

BETZ: C over 10 also. Thank you.

LACKNER: Lackner, Canadian Defense Research.

You mentioned you didn't have too much of an over-
charge period; is that correct?

FONT: Yes-- Well, not performed especially an
overcharge measurement on these cells.

LACKNER: Our experience has been that if we had
too much of a pre-cﬁarge that we would get into hydrsgén
generation and the way we tested it out was to put the cells on
120 hour overcharge at minus 5, and if you had any hydrogen
generation it most certainly would come out.

We feel that you have to tie in the pre-charge with
a long overcharge as a screening out test.

FONT: 1It's not understood exactly --

LACRNER: We find that-there . is a definite

G e a——
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dependence of pre-charge and overcharge capability and parti-
cularly if you are getting into synchronous orbit where you may
have to bé charging for long periods of time. I'm not saying
you have to, but you may have to.

FONT: You may, yes.

LACKNER: We would like to have a cell that could ‘
stand the overcharge capability for a long length of time.

FONT: Yes. 1In this case you have not to put too
much pre-charge. A

LACKNER: In most of our past experience with a
bare minimum pre-charge you get very goo&.results by stringing
out with a long overcharge period.

FONT: Yes. |

One point here is that I think for synchronous
orbit or a long-life cycling program we have to consider
immediately on the discharge curve that if we have too low pre-
charge the end of charge will be lower in that case. If we
see that curve, -—-

(Slide. 178.)
-- this curve is only for 30 cycles, and we see that mostly
if you cut here, you have less capacity with lowest pre-
charge.

So I think we have to have some compromise.between

no pre-charge and high level pre-charge which-- .Perhaps for

commercial cells high level pre~charge is good because you have
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good capacity but no time duration guarantee.

But' in this case we have to do some compromise and
I think Mf. Dunlop will tell you about this following this
program to determine what amount would be necessary.

HALPERT: Halpert, from Goddard. |

Were these your aerospace grade or aerospace
quality materials that were used? |

FONT: We used our space quaiity plates which all
were high ratio-~ We used exactly the same materials, nickel,
but we have the space definition with high ratio on these cells.

HALPERT: And what kind of séparator was it? Nylon
or polyprophylene?

FONT: Until now we used nylon but we are studying
the eQentual change to polyprophylene. |

BELOVE: Belove, Marathon.

What is the difference in éapacity of those cells
with the low pre-charge and the cells with the hidher amount of
pre-charge to one volt?

FONT: There is on this curve -~ Immediately after

discharge the difference is about two or three amp hours.

You have your 26 to 29, about.
BELOVE: Thank you.
KIPP: Ed Kipp, Gulton.

Have you been able to generate enough data so that

B S T 0 s
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you could establish a relationship between the amount of pre-
charge measured‘electrochemically and that measured by chemical
analysis?. |

FONT: What kind of-- For example. I think an
important point would be the chemical measurement after cycling
tests.

KIPP: What I'm getting at is could you-~ If you
could establish a definite relationship by that measured
electrochemically and that measured by chemical analysis, you
wouldn't have te do the second, or the first.

FONT: Yes, or maybe. You h£§e to point out here
that these two total measurements are pretty close and then
the order of accuracy, but we have to consider this measurement
also, and the possibility of extra pre-charge such as the
nickel attack of the positive electrode by oxygen evolved and
oxydation of the separator with life.

So you cannot only consider-- For instance, you
cannot only consider electrochemical pre~charge measurement.
You have to perform the chemical analysis.

RAMPEL: Guy Rampel, General Electric.

I would like to ask Joe Lackner this question:

You mentioned that you have a screening overcharge
at minus 5 for 120 hours. At what rate is that, Joe?

LACKHER: C over 10.

RAMPEL: Thank you.
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FORD: Ford, NASA/Goddard.

To what do you attribute the inébility or the lack
of being able to measure that pre-charge in an electrochemical

or in your reverse mode?

FONT: Really, I don't know. For the moment we
don't know enough to attribute something. Perhaps-- I don't

know.

FORD: I'm sure there are other pecple here who havJ 4

experienced the same results. I'd like to throw the question
to the floor.

BETZ: This is Betz at‘Fairchild, and I'll sit for

this one.

- . -

I'm going to make some general comments. We at
Fairchild are buying cells right now and are experiencing -
a very similar type of data. Our test technique for pre-
charge, as I indicated previously, is slightly different so
that the electrochemical measurements of pre-charge we'd be
getting would be less than yours by the difference between
perhaps one volt and zero volts. The one-ohm technique of
getting down there takes out I think é reasonably large amount.
We had used initially two ampere hour oxygen pre-
charge and got zero measurable electrochemical pre-charge.
In addition to that, the celi capacity at zero degrees C. was
less than specification.

Increasing the pre-charge to four ampere hours of

rd
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oxygen, we again were marginal on measurementé. This is

fairly -- not directly after the pre-charge operation but down-
stream a little bit; a fairly marginal, approximately zero
measurable pre-charge. However, the capacity was quite satis-
factory,up in the order of 125 percent of nominal at room
temper%ture, 25 C. and 110, 115 percent, on that order, at zero
degrees C.

Overcharge at :¢2o0 degrees C., extremely uniform
voltages at C. over 20, something on }»2 order of 400 percent
of capacity input; the first 120 percent or 200 percent goes
in at about C err 10 at 25 and then the.temperature is lowered
to zero and continued at C over 20.

So we found uhiform voltage characteristics on
over-charge, and we do have the over-charge test, and capacity
improved with the increase in pre-charge.

Then we had some mavericks which, although we did
sone tests on them and I believe that the oxygen pre-charge
is orn the order of 6 ampere hours, and those cells had the
highest capacity, again compared to the others.

But the interesting thing was that the highest
capacity cells had the least variability in capacity. Maybe
we don't have a large enough sample yet but it appears to be
that there is a variability of capacity factor, also, involved.
You may get some negative limiting irnfluence so you're not

really measuring your positive in every individual cell due to

wililpcio
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the variability of pre-charge perhaps or the individual nature.

It takes a lot of effort to look into these type
thinge.

I might make one other comment:

Going back a while when I was a manufacturer, not
on the user end of the stick, or working in the manufacturing )
area, we were able to use a technique to measure pre-charge
after a starved reversal to one volt and that is by oxygen
addition, pressurizing the cell with oxygen and obserxrving
recombination.

Unfortunately, it took sometﬂing on the order of
20 days or more before it began to indicaté we were not having
any significant oxygen recombined, but it might be simpler than
a chemical analysis.

FONT: Simpler, but perhaps less accuracy.

DUNLOP: Jim Dunlop, from‘Comsat.‘

Dr. Font didn't include some data here that we had
fed in in response to something he said.-

In the program he actually tried three différent
ways to do this bgfore he set the pre-charge and one of them
was to put a resistor across the cell. One of them was to run
it down at a C over 10 rate like you described. And one of
them was just to quit at one volt.

Now the reason I make all this-- I'm just saying

the reason we didn't present the data is that in essence, it
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does make a difference-- Like you point out, where you put

a one.ohm resistor on something and take it all down, it does
take out éome capacity, so if you do this, it would change
your pre-charge measurement that you would measure electro-

chemically.
The point is here that it didn't really signifi-
cantly change any of the-- In other words, what we do anyway

is completely discharge the cell on down to minus .5 a volt

before we do the analysis and in discharging the plates on down|

to minus .5 volt and then doing the analysis -- and that's a
very important point -- in that case, thére wasn't any dif-
ference.

The number you mentioned, thch was three or.four
amperxe hours or five ampere hours of charged cadmium remaining
after that plate had been completely discharged electro-
chemically, was there whether we use method A, B, C, or D.

CARR: Earl Carr, Eagle Picher.

I would like to interject one more thing. I think
we had the same or a similar experience and that is that with
the one-ohm load placed on the cell prior to the reversal to
determine pre-charge, we had tests which indicated né pre-
charge and yet we were somewhat confident that there was pre-
charge there.

The test on a limited number of cells was run

without putting the one-ohm load and in this case continuing
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the discharge in the starved state at a C over 2 rate-- You

mentioned you used C over 10 -- on to zero volts and then on
to minus one volt, and we got the pre-charge that we had in-
tended to put in the cell.

So what we have éong -- and this is on the SMS
program with Philco-Ford -- is we have concu;red that we will )
do the pre-charge measurement under these conditions; in other
words, starved, going at C over 2, all the way through zero and
to minus one volt.

FONT: 1In your measurement to minus one volt, do
you take into account the positive capacity in the negative
plate? |

CARR: I don't know the answer to that. No.

MAURER: Maurer, Bell Labs.

The negative plate, because of corrosion, has a
substantial positive capaéify, nickel capacity; by "substan-
tial,"” several percent, maybe 10 percent, dependinyg on what
impregnation method is used. And if these negative plates are
reversed during their formation at all, that material becomes
reverse-charged or converted to nickel plus ghree.

Then if you make a.cell from those plates and
start to charge, the first thing you do is charge the nickel
and you charge your positive elect;ode and you charge the
nickel part of your negative electrode and so you build in an

automatic reduced negative charge which you will observe on
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the subsequeut discharge as a negative limiting cell.

So what you need to do is on your last formation
cycle, stEp before you reverse the electrode at all.

CARR: When you say "referse the electrode,"
reverse it against what?

| FONT: . Against the counterelectrode.

MAURER: Against the counterelectrode.

CARR: Ok-+. Well, we don't do that under normal
circumstances so that we don't think that we have reverszd the
negative. |

MAURER: Well, if you are reQersing your cell in
the cell state now to look at pre-charge and then charge it
back up again, you'll go through this problem all over again.

CARR: Right. But on the first time down, measur-
ing pre-charge, you would not. '

MAURER: No, unless you had done it in formation.

BETZ: Betz, Fairchild. |

Just to.comment, between Carr and Jim Dunlop, and
that is that the difference in measuring techniqueé has a
large tendency to affect the data so that when we all talk the
same language X think the standardized test technique-- Really
we have one but if it is not the best then another one should
be evolved so that when we come to talk, we can all talk the
same language.

The other comment, that I didn't mention, is that

<




s wWwN

i0

1
12
13
14

15

'1

16
17
18
19
20
21
g
23H
24

Federal Reporters, Inc.
25

5

369

I'm sure that‘we had the same residual initial material from
formation in our cells, and that this is something else.

CARR: Earl Carr, Eagle Picher. |

I concur, Fred, very much. The thing that I was
going to say but I forgot a minute ago and that was th“e reason
we selected C over 2 was that in this particular applicatiun,.
which was synchronoas orbit at a 60 percent depth of discharge,
this is the rate. So we thought well, this is.as close to
being representative of whatever we're going to do while we're
in orbit, and so tlierefore we're going to use these conditions,
starved,lc over 2. |

We don't put one ohms on them in orbit.

MAURER: Maurer, Bell Labs.

Another effect I wanted tc¢ mention was that a
positive electrode is diffusion limited. Once the voltage drop
below about - Qell, below'about let's say two volts with
respect to mercury oxide reference, it beéomes diffusion
limited and follow§ the diffusion limiting discharge; that's
diffusion of the protons in the lattice.

And this is a very lonug time process and if you
put a resistor across the cell, as you know, the voltage that
you measure on the resistor indicates a substantiai current
still flowing that lasts for, well, the order of 10, 12 hou:rs
at values perh#ps above 5/100th of a volt, and it continues

down in a logarithmic fashion which looks like a series --
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exponential expansion with slopes in the ratio of 1 to 9 to 27,
and so on.

and the capacity available under these conditions
is substantial, perhaps 10 percent of the theoretical capacity
of the electrode, so that if you discharge electrochemically
below one volt on the cell and then immediately reverse, there
will be this amount of positive capacity still there, and that
will be this charge material on the negative.

If yov put a resistor across you need to leave the
resistor on fur a long enough time, perhaps 24 hours, to get
al.. of this material back out.

RAMPEL: Guy Rampel, General Electric.

I think the important part of this thing here in
measuring the negative capacity residual charge is to say that
tr2 whole thing really is relative and that ic depends -- no
matter when it's done, it dépends on the amount of cadmium that
is available, because there is a ratio down below, an equilibriuh
between active and inactive cadmium, and-thié equilibrium shifts
from one direction to thc other, depending upon plate design,
previous dod temperature and so on,

So I think that the electrochemical measurement of
negative pre-charge can be viewed as a measurement indicative
of what is available then and there, but it should not be used
as a quantative measuvement to indicate anythinj except the

part of the cadmium that happens to be available at that moment.
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MAURER: There ought to be comments on that.

BETZ: Just a quickie.

In response to that, that's the way we lcok at it.
In our specification we spec uncharged excess negative but in
order to determine that you've got to get a measure of pre-
charge somchow and the electrochemical technique is used to
reverse the cell, then recharge, and then a measure -- then
recharge flooded and a measure of the total negative. So you
can get a measure of excess uncharged.

RAMPEL: Fred, going beyond the reversal and then
addiné electrolyte to do the flooding meésurements, there are
two problems there, too-- Well, there's another one down below.
Let me get to that one first, and that is rate dependent.

If you go, for example, at C over 10, like SArT,
you run into a serious danger of shorts and parallel resistancesg
vhich can throw that whole result off considerably and you can
find more cadmium in the cell than you have theoretically in
some cases.

I only point that out to indicate that there are
problems there, too, and maybe C over 2 is a little bit better,
but nevertheless it's still relative.

Now going the other way, when you want to find out
how much positive electrodes you have, you flood the cell and
then according to NASA you charge at 'C over 10 for forty

hours. Okay, that's good bﬁt depending upon the activity of
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the cadmium electrode you can charge the.negative electrode
perhaps, or you think it may be fully charged when you get to
152 but there is some error there, also.

As a ratter of fact, we have found it absolutely
nacessary to taxke the cell apart for that part of the anaiysis.

Now the next thing I want to point out is now you\.
are taking a sealed cell and you're flooding it and you're
getting a positive capacity under flooded conditions. Now if
you run ECT or that kind of data flooded, you know that
generally .82 percent -- 82 percent of that caﬁ-be counted -
upon for a sealed capacity, sealed positive capacity. So that
ought to be taken into account also.

BETZ: I think your comments are well taken. The
test is not necessarily an absolute measure of the things that
are happening.

Incidentally, I.found, oh, somewhere around 40 or
50 ampere hours at C over 2 in reversal, also, in a nine ampere
hour cell.

BAER: Baer, Goddard.

I guess this could be directed at Guy.

You said you ran -- checked the electrode capaci-
ties; you ran it flooded., How about if you ran it starved in
that condition also? If you ran the pre-charged starved and
also the check the electrode capavity, if you ran that starved?

RAMPEL: Well, I think we're probably getting away

y



10
11
- 12
©
13
14
15
16
17

18

24

— Fedetal Reporters, Inc.
25

373

rom the true capacity of positive electrode anyhow, but that
is not at room temperature and as Dean Maurer pbinted out this
morning, £he rharains officicncy of the positive electrode,
besides being related to charge rate, it's also temperature-
related and you have to take these things into account, so
there is no use kidding ourselves.

I think we had better just get the absolute amount
of positive capacity “hat you can get and take that into
regard. I think if we do it sealed we're going to get a lower
value which is fine, but we'll be kidding ourselves.

SCOTT: Scott, from TRW. |

- I think underlying some of this discussion is the
presence of an electrochemical procedure for measuring pre-
charge and so forth as it now is in print in the NASA interim
hi-rel spec. From what I hear, I think there is cause to
possibly reconsider that prbcedure and possibly even set it
aside until -- pending further work, until we know more about
exactly what we're measuring.

The other point I have is that also wh&? I hear is
the possibility that the only incontestable measure that we havg
right now that we know of of pre-charged cadmium is tne chemical
analysis and if that is so, I am wondering whether -- what the
relationship is between a chemical determination of excess
negative and electrochemical performance or expectation in the

cell.
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I don't know what that is. I wonder if

anybody could cbmment on that?

DUNLOP: It may be my procedure that is in that
spec; I'm not really sure whether it is or not.

VOICE: No, it's mine.

(Laughtér.)

DUNLOP: Are you talking about chemical analysis,
Dr. Scott? |

SCOTT: No, I thought you were referring to the
electrochemical -- |

'DUNLOP: We were talking about chemical analysis
here a.ﬁinute ago. |

SCOTT: And I thought you were just referring to
the electrochemical procedure in the NASA spec.

.DUNLOP: Unfortugately I don't know what's in the
NASA.spec right now. The last NASA Spec I looked at didn't
have-- I don't remember that it really mentioned a measure-
ment procedure for pré-cﬁarge, frankly.'

I'm not really at all clear wﬁat you're

talking about.

SCOTT: I'm talking about the original interim spec
issued in '69 or '68,
DUNLOP: The procedure for discharging down to

minus half a volt; is that what you're talking about?

[
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SCOTT: Yes. That's the one that I think people
are still trying to use because it is there and it had a certain
degree of legitimacy because it's there, --

DUNLOP: Okay.

SCOTT: -- regardless of whether it is any good or

not.
Okay?
DUNLOP: Okay.
SCOTT: That's the one I was referriné to.
DUNLOP: Okay. I just wanted to clear that up.
Thanks. |

FORD: Ford, NASA/Goddard.

Then we still have a basic question: Why can't
you measure pre-charge electrochemically? What is it in the
cell that prohibits you from doing this?

I have had it éuggested that this is influenced by
the mechanical pressure exerted within a cell.

MAURER: Maurer, Bell Labs. -

I'd like to suggest a method that we've used and
that is to reverse the cell and measure the gas coming off,
confirm that it's hydrogen, and measure its rate. And then
when the cell voltage goes over tﬁe knee, indicating that it
would appear that the negative has completely discharged, then
you compar- e electrical current or cupacity back through

with the amount of hydrogen that yoﬁ've collected. If they
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agree, I think yon can be reasonably sure that that was the

pre-charge.

However, if they don't agree, then you're in troubld.

(Laughter.)

HALPERT: Halpert, of Goddard.

In response to Floyd's question, we've got to learn
hov to measuré it, I think we've got to learn how to put it in
before we can learn how to measure it, put it in reliably and
uniformly every time.
| BELOVE: Belove, F:rathon;

The question there, Gerry, would be how do you
knnw what you're putting in, if you.can5t mez.are it.

(I,aughter.)

~ But I have another point here. Do you have to
have the.absolutg ﬁeasurement of pre-charge? I believe that
any method you'ﬁse is only going to be an approximation. The
electrochemical tells you how much cadmium you have, but again
we have this question of perceptage of inactive cadmium and
a certain amount of it in the form of cadmium hydroxide.

In every way you measure it you will have certain
factors, as Guy puinted out, the rate of discharge, the
temperature. All of these factors can come into the absolute
value that you determine, and what I say is that this is not

necessary.

What is necessary is to obtain a relative -- an

~
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eb2B 1| accurate measurement of the relative amount of pre-charge and

to see what efféct this has upon cell performénce.

ke 108 PA

SCOTT: Scott, TRW.
I wonder if this afternoon we cannot come to one

tentative conclusion, or whether we cannot, that electrochemical

h ]
. O & w ~

measurement is not 1ikely.to give us a rep;oduceable measure

7| of pre-charge. 2and then we can go on from there.

8 I've heard several comments to the effect that

4 variationé on maybe one certain way are able to measure pre-
10|l charge reliably. I'm not sure whether that's the message or
11| not. But I wonder if somebody wou1d~wan£,to comment on that?
12 DUNLOP: Let me comment. I'm sitting here kind of
. 13f 1ixe a cat on a hot tin roof bepaﬁse I'd like to go up and

14|l make a presentation. -~

-~

15 (Laughter.)
16| -- which is ver& relevant to all this discussion, frankly,
17| because we've been making these measurements for two years and

18] we'd like to show what we have, and I think they might lend some

19| light onr: this whole discussion as to what -- how repeatable
20| these type of measurements can be. o
21 And frankly, to tell you the truth, we've been

22 | measuring GE cells and the measurements we get show that the
23]l results are very consistent. As a matter of fact it shows their
24l pro 28s is in very good control. As a matter of fact it shows ‘ J

i Reporters, Inc. . . .
25 that this method of running it in reversal gives you very
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repeatable results after about the first 30 or 40 cycles.

MAURER: Let's get on with the data and save some
of the pﬁilosophy until later then.

5im will give a dissertation on some of his
measurements.

DUNLOP: Dr. Font just got done describing to you '
about an hour ago -~

(Laughter.)

-~ his method for adjusting the pre-charge a%t three different
levels, measuring it and what the effects were initially and
after some 30 cycles on the pre—charge iﬁ'terms of the pressure
level and ampere hour capacity.

I might say that the reason that we entered into -
this contract starting about a year ago, I guess, was that we
wanted to evaluate.exactly what Dr. Font has done, what SAFT
bas done, and we're very pieased with the results. And I
think finally-- You know, the'problem for a long time was

hat nobody would really discuss this very openly because it
was in some kind of a p:oprietary éategory or something, and now
it seems that everybody wants to discuss it in depth.

We planned to take those cells from SAF?T with the
different pre-charge levels and operate them in synchronous
aprlication and try and determine what the effects of the
different levels are over long-term periods of time. What

they have done is show what the effects are over a short period
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of time.

We ‘have as a background for this program a consider-
aﬁle amoﬁnt of experimental data from our Intelsat-4. effort.

We started a program in 1969 to simulate tﬁe Intelsat-4 mission.
with the only variable being this storage mode. We picked
three different storage modes at that time. |

The storage modes we used were trickle charged
continuously during storage; open circuit charged with re-
conditioning every 30 days; and open circuit discharged.

Now we decided in the course of that program that
wve'd pull a cell 6ut from'each of these gtorage modes every
six months, every eclipse season, and analyze that cell and
we had to pick a couple of years ago the procedure that we
would use to analyze it.

At that time, the procedure we used was the pro-

cedure that was recommended by Dr. Flasher, being used at

Battelle for analyzing the negative. The only thing that we

added to that procedure, frankly, was our approach to dcing : -

‘in what we consider a little more consistent manner. And I

don't necessarily want to go into the fine points.

We have documented that procedure and described it,
I thought in some detail, last year. Gerd Van Ohmring and I
made our presentation last year along with Dr. Parry who
described the positive analysis that he was using at that time.

What I'd like to do today is show some of the

;
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results from that program. And when I show these results, I
want to say that I believe, based on these results, that we are
getting oﬁrselves in the positioﬁ of being able to make sone
measurements which do make sense and can be used to evaluate
or estimate what the lifetime expectancy of those cells is going
to be in a synchronous application and that under the type of |
operating conditions we are pretty sure we expect to see in a
synchronous application.

It may or may not “a (~rmane or relevant to the
30-60 minute cycle.

With that in mind, I am qoiné teo start with my
first graph here.

(slide.179.)

The data that I'm presenting here is data on the -

pre~charge cadmium vaciation with time determined fof cells that

were trickle chérged during the storage mode.

The zero reference point here is actually a
measuremeﬁt made when the cells.have gone through a normal ac-
ceptance testing program either at Hughes Aircraft or at Comsat
so they have already been through at least 30-60 cycles. At
that point in tire we found that all thé cells that we've looked
at -- and I'm only showing three on this graph, kut we must have
looked at approximately 10 or 20 with this me‘hod. 1In all the
cells that we've looked at so far, the total pre-char:.

determined by both chemical and electrichemical analysis, has
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been 12 ampere hours plus or mianus one ampere hour.

Now' I think that indicates that their process is
in pretty.guod contiol when they set the pre-charge.

The amount of pre-charge determinéd eleatro-
chemically is also fairlf nniform at this peint in time. It Sas
been about six ampefe heurs plus or minus cne ampere hﬁur )
determined electrochemically. %hat's the eleétrochemically
measured pre-chzrge at a C over 2 rate, no one-ohm resistor
or anvthing else. |

Aud we use the C over 2 rate, just like everybody
e.s¢ does, because that's the way -ve're funning them in orbit.
We're using about a C over 2 rate, so we discharge it dovwn
~ight through on reversal. We puncture the cell and we also
measure the gas so that the amount of gas that escapes has to
correla’ with the number of ampere hours that we measur=z,

ftér we complétely di=charge that cell to half a
volt w; cut it open with that famous Goddard cutter and put
it in a nickel soxiet and extract the eleétrolyte, and then
we take the plates out,.dry them, and perform the famous
muskrat analysis to determine how much charged cadmium is
remaining.

The charged cadmium remaining has been something
between 5 and 7 ampere hours at this point in time so that the.
total, adding together the amoun: of charged cadmiwn remaining

and the amount of charged ~:dmiur. measured electrochemically

o R SR
i

B




V)

} Ace —Federal Reporters, Inc.

-

13

10
11
12

14
15
16
17
18
19
20
21
22
23
24

25

B .

382

comes out to be tﬁis 12 plus or minus one ampefe hours.

Now- the interesting thing about this data is that
we continﬁed dcing this analysis after one eclipse season, two
eclipse seasons, three eclipse seasons and up to four. That
represents cells on test since two and a half years now, and
what we are observing is that after one eclipse season, the
amount of electrochemical measured pre—chgrge increased from
the initial value of about six up to about eight. In the second
season it was still about eight. 1In the thir( season it was
still about eight; actually it was dropping off a little bit,
but this kind of variation, seven and a half to eight.

So éhat the amount of pre-charge that we are measur-
ing up to two years now electrochemically is fairly consistent
for the cells that we're looking at.

And if we take the amount of pre-charging that we
measured electrochemically -- Each time we also determine the
amount of pre-charge from a chemical analysis and we continue
to come up with-- Actually it looks like this pre-charge is
increasing slightly with time. |

Now we actually expect that to happen because of the
level of carbonate buildup that we're observing in that cell,
and this line that I put on right here is a line which just
relates the level of carbonate buildup that we're observing
with time to what we would expect that to do in terms of chang-

ing the pre-charge level,
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These particular cells are made with the pellon

separators.

(Slide 180.)

This data shows the c¢ ‘bonate buildup observed with
time. At the same zero point in time or after the cells have
been through the 30 cycles of burn-in, we measure about five
grams of carbonate in that electrolyte and_ﬁe measure five
grams of carbonate -- it's really about five and a half, and
it's very close-- All the cells that we've analyzed héée some-
thing very close to around five or five and a half grams of
carbonate initially.

As a matter of fact, the SAFf,cells have a carbonatg
level in their cells, too, and percentage-wise it is almost
the same. I really don't know why they have this problem but
I think this has been discussed earlier and I think it is
coming from the plates.

We notice that as we run thegé cells and do this
analysis again six months later ~-- The X's here represent cells
that are trickle chﬁrged ~- you will notice that the carbonate
level is increasing; you're up to about-- After one eclipse
season, about six and a half, seven. You're up here about sever
and a half, eight, or seven and a half grams of carbonate with
time..

Now there's some spread on this data, obviously,

but you do see that there is the increase in the carbonate

level for these cells and that if you go to a different storage

iy}
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mo. , if you go to a storage mode where you'ré not continuously
charging, where’ you only have an oxygen environment or yourl
oxygen enQironment in your cells is much lower, or as Dean
Maurer pointed out, there is maybe not a chemical-reducing
effect but an electrochemical reducing effect-- I didn't hear
that paper but I heard about it yesterday. )

Either way, you would expect that the cells that
were trickle charged continuously would have a higher rate of
carbonate buildup with time.

Based on these results we sort of estimate that if
you are storing cells with a pellon sepafator in a trickle charg
node, you are going to have a buildup of between 1.4 and 2 gramg
of X2C03 per year in these cells. If you relate that-- You
really need to relate that tc the total amount of electrolyte
in your c.1l.

I believe that the initial carbonate level on a
percent weight basis is about 25 percent of the KOH and so you
can get an idea. At this point in time we're up to about 30,
35 percent by weight carbonate of your KOH.

(slide .181.)

Again, in this test program we were running we were--

As we analyzed these cells after we got done taking the cells
apart, we did take some of the plateq'and run them in a flooded
bath to determine what their utilization was.

You will notice the utilization is running-- It

e
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starts out as high as 80 percent when we first receive them;
it drops down to about 75 percent after the burn-in; after
the firsf eclipse season it's to 71, 72, 73 percent, 71, 72,
73, 69 percent.

So most of the change‘in utilization appears to be
occurring in the first six months to a year and thereafter, )
these cells appear to have, at least in the flooded electro-
lyte, a very consistent gtilization of the cadmium material
and it's about 70 percent.

Now that number is not too different from the

number that Dr. Maurer presented this morning. I think he was

showing about 74, 75 percent utilization for the Bell Labs

plates.
By the way, I want to make one more comment here.
This utilization that we get here is pretty good
and I do think'ihat Dean Méurer has possibly the right idea.

To get this kind of utilization I do think that you do need to
exercise and overcharge that cell somewhat. And the reason I
say that is that of the three storage modes that we have -- and
I'm not going to present all of the data today =-- but the one
mode that we threw out already was the mode in which we stored
the cells passively during the entire eclipse season. And
those cells, by the third eclipse season, started to genecrate
overvoltage potential and indicating no overcharge protection,

indicating that you couldn't utilize that cadmium for overchargc

iy A
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protection when you were storing those,plates.or those cells
passively.

But the other two storage modes, the one in which
you exercised it every 30'days and the one in which you con- -
tinuously trickle charged, we have almost identical voltages
at the ehd of charge, identical voltage performance from dis-"
charge, and they seem to have very similar‘characteristics,
and I think we have very similar utilization of the cadmium,
too.

So it does require some amount of overcharge and
some amount of periodically exercising those plates to maintain
that utilization.

(Slide. 182.)

Finally, in a bar graph fashion somewhat similar
to the bar graph again that Dr. Haurer presented this morning,
we have looked at the cadmium electrode after burn-ig, one
eclipse season, two eclipse seasons, and three eclipse seasons
and three storage periods, to determine.how the cadmium material
appeared to be distributed.

The botiom portion here represents unusable pre-
charge determined from the chemical analysis. The second
block here represents the usable pre-charge determined electro-
chemically by discharging the cell in the reversal and C over

2 rate to minus half a volt.

The third block hore represents the positive cell

4l
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1/l capacity where the portion of the cadmium hydroxide is being

2]l used in cycling.

3 The fourth block here represents overchargé pro-
41 tection.
s And the fifth block here would appear to be dis-

6]l charged cadmium which can no longer be charged.

7 The total pre-charge as we define it appears to

8|l remain fairly consistent or be on a slight upgrade here. The
9|l amount of non-usable pre-charge seéms to be staying relatively
10| constant. The amount of usable pre-charge, again relatively
11 || constant; only slight changes. |

12 What primarily concerns us for a seﬁen~year mission
13||is the amount of cadmium which appears to be there for over-
l14|[charge protection. We are beginning to make predictions based
15]jon the kind of results that we are observing as to how long

16 cells will last. We're makiqg these predictions, based on the

17kind of measurements that we can take at this point in time and

|3nusing data of this fype to extrapolate out.
19 What we're predicting is that after one yéar, the
20flutilization of the cadmium electrode will be about 70 percent;
; 21 [that you will have at least 65 percent utilization of the
I G[) 22 [lamount of pre-charge material that you used. After one year,
23|ithere will not be a significant change in the pre-charge.
24 So whether you measure it~- If you look at the

Ace — Federat Reporters, Inc.
o ToTeIm] TporBEs 55 lectrochemical measurement, it really is immaterial to me
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eb39 1| whether you make the chemical measurement at that point in time.

21 A11 I'm saying ‘is that after one or two years of time, there
?‘ 3| isn't going to be any change here.

) 4 The amount of overcharge protection is going to

5] remain about the same after one or two years with one excep~-

6| tion. As you have any method in that cell which is going to '
7] allow either oxidation of the separator as has already been

8] described, such that there is going to be the shifting in the
9l pre-charge level, or any method which is going to cause posi-

10| tive method to increase due to attack of the nickel, as

11 Dr. Pont described, or any other slight change in the amount

> " 12§ of cadmium hydroxide which becomes non-usable, as Dr. Maurer

PR

13}l described, all these procedures tend to cut into the over-

wremm oe pe

14| charge protection.

15 None of them really affect anything down here but

rnasm syt <k
oo

16| all of them affect the amount of overcharge protection.
17 We estimate that after you get by one or two years

18] that you need about one to two percent per year cadmium over-

RTINS Ak ke S eI W s

19|l charge protection so from that kind of an argument you can
20| hypothesize how much overcharge protection you need to get to

21| four-year life, five-year life, and six-year life.

<135 22 On top of that one or two percent you've got to
23| have some variation due to the amount of cadmium that you have
24| in there or the amount of pre-charge that you put in there

12~ Federal Reporters, Inc. AT
25| and as I have pointed out, in these particular cells that
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variation is relatively small.
In summary, I'd just simply like to say that we

would like to see in a specification some type of procedure

i standardized to be used to evaluate cells for synchronous

application and I believe that we, based on the kind of infor-
mation that we presented heré, we are getting closer to being .
Aable to make that kind of a prediction based on the kind of
test progr#m that we're proposing to run.

In essence, what I'm saying is that I think there
can be a test written that will answer the question of how
good is a cell and how good a chance doe;~it have in meeting
a five-year life, based simply on the type of measurcments
that you can make when you receive the cell and run it through
a 30-cycle burn-in test.

STEINHAUER: Steinhauer, Hughes.

Jim; I'd like to comment on the discharge storage
mode in that I think you can't use it Qithout some low rate
reconditioning. The question I would like to ask is:

I think I've been listening carefully but Dean
liaurer made a statement this morning that inactive cadmium is
predominantly if not all in the charged cadmium mode. You h&ve
exhibited a very large portion of inactive material in the
cadmium hydroxide upstairs.

Do we have a controversy here or did I hear wrong?

DUNLOP: We have a controversy to some degree. I
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think you saw what Dr. Font presented. Now lét me review that
for a moment. |

When we went through the formation cycle, the
results we got in that program I think are very similar to the
kind of results we got ftgm any other formation cycle. 1In
other words, we get about a 1.7 to one ratio of negative to *
positive materials. |

That 1.7 to one ratio of negative to positive means
that there is not enough completely electrochemically utilizing
that negative plate at that time because you're putting into
that negative plate about a two to one ratio.

When SAFT does the analysis they show a two to 6ne
ratio. They show that in that 72 ampere hour plate, for
example, that Dr. Font described, there were three or four
ampere hours of charged cadmium that couldn't be discharged
in the analysis and there were six to eight ampere hours of
discharged cadmium.

Just using those numbere, that means that there's
something like five, six, or eight ampere hours of discharged
cadmium initially in the formation cycle which cannot be
utilized.

Dr. Maurer this morning made a statement that if
you converted some of this cadmium in a charged state to
discharged cadmium, then it may bécome nonusabla. A portion of

it or all of it will become nonusable.
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STEINHAUER: Was that a firm statement or an un-

certainty?
| MAVURER: That's an uncertainty.

FORD: Ford, NASA/Goddard.

Jim, in your-- You indicated your overcharge
capability had diminished becauée you cadmium you could not
charge. Have you tried to find out why it can't be cﬁarged,
wvhat form it's in. |

DUNLOP: Well, the analysis says it's discharged
cadmium that can't be charged. Ycu know, it's cadmiun hydro;
xide that can't be charged. |

FORD: Why? What ties {t up?

" DUNLOP: Of cource there are a lot of arguments
here. We don't know the right answer. There were some pic-
tures that Halpert showed this morning, very interesting. He
showéd, for exaﬁple, some kind of a glob -~ excuse that word -~
of cadmium hydroxide and cadmium in which he showed that-- He
pointed to the darkér and lighter aveus and he showed that the
outside of this ball was cadmium hydroxide and the inside was
cadmium,

Now, if that were the case &ou would not be able
to discharge that cadmium inside there. That would explain
discharged cadmium that could not be charged.-- I said it the
wrong way.

SCOTT: Scott, TRW.

~
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At the risk of being repetitious, I don't think
that I caught your experimental method of distinguishing in-
active from active discnarged cadmium. Analyticallv, how do
you do that?

DUNLOP: Do you want to know the discharged cadmium?
How I did it on-- Okay. )

SCOTT: You have a bar chart showing-- At the top
you have two forms of discharged excess cadmium or discharged
cadrium. How do you experimentally determine those two blocks?

DUNLOP: Okay. For all the data that is presented
here we started our analysis by fully ch;rging or charging at
a C over 10 rate for 16 hours the cell, then discharging it
down, running it in reversal, and then opening it up.

We then took the cell apart and measured the
flooded capacity of the negative plates and we assumed -- and
this is, by the.way, if anyfhing I think probably an optimistic
assumption, that tﬁat represents the amount of cadmium that can
be -~ The flooded piate electrochemical megsurements indicatg
the amount of cadmium that can be used in the cell.

If.thai's the case then you simply go.from here to
here. That's the difference from here to here. |

Now if the actual dry =-- in the starved condition -~
utilization of the Eadmium is less than that, this level is
going to move down. What we intend to do next time-- We've

had this question raised before, so what we intend to do next

b o

\



eb4f‘ 1

w N

N OO W M

10
1
2
13
14
15
16

18
19
20
21
22
23
24

‘eral Reporters, inc.

25

17H
|

o

393

time arovnd is sacrifice the measurement of the pre-charge
by charging the cell up and then venting oxygen and measuring
the quanﬁity of oxygen that we vent until we get to an over-
voltage condition, and do it on that basis to confirm the
measurement that we are currently making.

GROSS: Sid Gross, Boeing.

Jim, you said you had three methods of charge,
three methods of storage, two on open circuit and the one that
vas open circuit discharged didn't charge up very well whereas
the one that was open circuit chargéd and reconditioned
periodically worked ouf all right. I présume that's correct?

DUNLOP: No. What I said was that the one that was
stored discharged developed high voltage characteristics during
the eclipse cycle, wént to overvéltage, went over a 1.5 volts,
went up to 1.5 volts at 75 degrees F.

' GROSS: And the.one that was open circuit charged
and periodically reconditioned, how did that Qork out?

DUNLOP: Fine.

GROSS: Okay.

Do you attribute this to the discharge part of the
conditioning process or to the overcharge that probably followed
it? | |

DUNLOP: I attribute it to the fact £hat we were
storing the cell almost completely discharged. In other words,

this would all be cadmium hydroxide and when we tried to
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utilize the cell after normal reconditioning by the normal
procedure that we proposed to use -- that's by a couple of
cyclgs of reconditioning‘before the eclipse,but duripg the
eclipse season *l?i the 30 or 40 cycle -- over 50 percent of
these cells wer; Seginning to go to -- had pulled out from
what the other cells with the other storage modes overvoltage
potential was had pulled out to the hydrogen evolution poten-
tial.

GROSS: Well, I ﬁnderstood you to say open circuit
charged for tha£ second mode. Was it open circuit charged or
open circuit discharged? |

DUNLOP: We had an opes circuit'charged which we
reconditioned every 30 days. That mode is behaving okay.

ﬁé had open circuit discharged with no recondi-
tbning, or what I mean by that, ﬁo'éonditioning during the
storége period. We didn't condition it every 30 days; we
reconditioned it before going into the éclipse.

RAMPEL: 'Guy Rampel, General Electric.

On éhe storage mode that gave you overvoltage, I
thinklyou said that in that particular case the cadmiuﬁ hydro-~
xide that was there was not available.

DUNLOP: It would appear so because we generated
high voltages.

RAMPEL: Okay. So likewise on the upper bar chart

there vhere you indicate discharged cadmium hydroxide which

- b A
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cannot ba chaxged.

And how, going back to the discharge mode of
storage, ;pparently as we are all aware, the cell can be re-
corditioned and that cadmium hydroxide be made availeble again,
80 wﬁat I wvanted to suggest -~ ”

DUNLOP: Guy, you're talking ebout a different mode
of storage. If you're talking about shorting a cell with a
open circuited. That's a -ather fine point but it is a little
different.

RAHPEL°

Okay. What I'd like to suggest though

cadmium down below between the active and inactive and perhaps
at the tob there is likewise en equilibrium situation. ‘

Particularly the charts we're looking at right now determined
statically flooded and in the sealed cell, there may be a ratio.

SCOTTz: Scott, TRW.

Jim, you're talking about this discharge storage
mode and the results you got when you started cycling that in
a normal eclipse season. Did you-- Have you taken apart
cells stored in that mode and then measured the actual amount
of discharged negative material or characterized it in any

other way to corroborate your theory that it's inactive dis-

charge material.

it g,

IR FUFT

LI

RIS T



ebd’

Ry .
P A \
o B f te
oL . L .
o AT ae W b e s s e, ek

396

DUNLOP: We have done that and there are a couple
of things we've found out.

First of.all, I have only shown here the data that

we have from the trickle charge mode. In the mod?s where we
store passive we-- Actually you lose utilization of the pre-
| charge cadmium, in other words the charged cadmium that can't
be discharged, as well as the discharged cadmium that can't be

gl charged. I didn't bring any graphs along to show this point

So we're showing that during these passive storage
| modes we are not able to utilize the cadmium .~-- pre-charge

| cadmium. That's the first point.

The second point is that we're not able to utilize
lglas much of the discharged cadmium. One of the problems that
we didn't do and that-- See, the correct way to measure this
if you really run into a problem is going to a venting tech-
nique. Then once you already are at the hydrogen'evolution
potential, there is no longer any point in going to a venting
| technique; you're already at the point that you started venting
| to get to.

SCHU};J-W»I: Schulman, Gulton.

,
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1 gim, did vou ever attempt to measﬁre the pre-charge
o5y one-ohming them rather than by discharging a minus .5 at

C over 2 ;ate? A

4 DALTON: No.

FORD: Fcrd, NASA/Goddard.

Jim, I can't let you pass one point that you--

Perhaps it was a subtle point but I don't think it is quite so
subtle. In the difference in storage modes where your dig-

| charged open circuit are truly stored in a shorted cohdition;

é as was presenced last year Ly Steve Gaston,Somé experience

; on the OAO program comparing cells that had been stored for a

period of one year in a shorted condition, we saw no signifi-

cant change in fhe overcharge voltage at room temperature

or at zero degrees C.

? yestérday, but we also have some data from the ITOS battery,

I two of thém, in fact, thai wa§ used as backup batteries-—- These
| wvere GE four ampere hour cells that were manufactured ~- I'm

: recalling from memory now, but I think it was early cr some

| time in 1968. These cells were fabricated, built into batteries
the cells went through the acceptance test, the bﬁtteries went

! through acceptance test, and then they were put in a storage
mode.

24 The storage mode called for the cells to be dis-

25] charged and shorted but it was an oversight and the cells were

We have seen similar tests recently as was mentioned

F‘.
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, modé‘gets critical even when you talk about discharged open

| circuit or a shor*ed mode.
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This summer we were asked to evaluate those bat-~
teries as far as flight worthiness to be used again in a back-

up spacecraft. The only change we observed on those cells from

charge voltage at low temperature. Those cells could not be
overcharged at zero degrees C.F. and incidentally we had"
manufacturer's data that we were repeating a test that the
manufacturer had conducted at the cell level when he made the
cglls.

Those cells could not take an overcharge as low as
C over 20, 'In fact, it is safe to say those cells couldn't
be overcharged at zero degrees C. at C over 100 without exceed-
ing a voltage of 155 volts per cell.

So I'd like to point out that I think the storage

DUNLOP: Well, Floyd, maybe I missed the point.
The dischargéd cells were the ones that gave us the problem.

FORD: Yes, that's the same experience we had,
discharged but not resisted down and shorted out.

DUNLOP: I didn't mean to pass that over as the
right éoint. ‘ ' 1

I wanted to add one thing to Dr. Scott's comment.

Let me add one thing more, Dr. Scott, to this commen

1

Ly -
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abbut the amount of cadmium that can be used.

In the cells that we have stored in the passive
modes, bo£h of those groups, we were not using our normal
method of discharging the cell down. We were only ablé to
measure one or two ampere hours electrochemically of cadmium
in a pre-charged state.

We followed exactly the same analytical procedure
and measured 10 to 1l ampere hours of cadmium remaining in a

charged state from the chemical analysis so that the total

| measurable pre-charge adding the electrochemical measured

; value to the chemically measured value gave the same total that

we would expect to get.

FORD: TFord, NASA/G'oddard..

One other point I'd like to make-- And let's. go
back to the basic question. Why are we trying to measure pre-

charge? Is it in fact to establish the overcharge capability

| of the cell? That was the original intent, back when we first

got interested in this.

So perhaps ghe technique is t6 let's just try to
come up with a technique to measure the overcharge margin that
we have in the cell and forget about measuring pre-charce.

DUNLOP: Well, Ford, look, maybe that's fine but
when I buy a cell.from a battery manufacturer -- and this is
vhat I think is germane to the point -- I'm going to specify

a certain positive to negative ratio. I'm going to go ahead

2
4
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and I'm going to specify a certain amount of ?hat ratio of
excess cadmium that I'd like to‘have for overcharge protection.

Based on what Dean Maurer said, I am also going éo
specify at least 10 percent of that cadmiuﬁ electrode in a
pre-charge state because I don't want hydrogen to be evolved
initially when I start chargirngand actually we've seen thi's
kind of problem can happed. You do need a small amount of pre-
charge in there, something like about 10 percent, and that's .
exactly-- . | o

I didn't make any comment here but I think if I
weré going to make a cell today and specify today with a posi-
tive to negative ratio of 1.7 to one measured electrochemically
and two to one chemically, I would regquest that the battery
manufacturer put 10 percent of his cadmium in an uncharged
state so that he has the capability to ach;eve the seven—yéar
mission.

And I have to do something in order to be able to

determine this, to make this measurement.
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There are a number of points beiné brought up
here, and I would like to spend a moment to expound on the
issue of hydrogen-frée capacity on cadmium electrodes.

The charging process on the cadmium electrode
consists of cadmium hydroxide going into solution to
cadmium hydroxide ions which are then electrochemically -
reduced to cadmium én the electrode. This is a soluble
intermediate Qtep, it's a chemical s~ep and it has nothing
to do with the electrochemistry.

. S0 that the voltage, or the polarization on the
negative electrode is controlled not by this stuff but by
the concentration of this in the electrolyte.

So that if you have a lot of very small cadmium
hydroxide crystals the quantity of cadmium hydroxide in
solution is high and the polarization for this reaction is

low, and proceeds nicely.

Wher. you have blg crystals, or when the electrode

is mostly charged, and you have a few large chunks remaining,

the rate af which this reaction can go now will be the rate
limiting one, so that the concentration of this in the
electrolyte will fall and consequently the polarization for
this reaction will go up.

Now as it goes up it reaches the point where the

reacti?ns going on at the electrode compete strongly with the

water going to hydrogen reaction, whose polarization is

R S ™
- |

& s,

>

iy RN R A

(5 e aik

B
Ca-
.

[



)

L

- Fedeisl Reporters, Inc.
25

T fd’

402

normally lower than this one, =-=-is higher tﬁan this one.
But when this ccncentration drops, this polarization cones
up.. Aﬂd then this one takes over,

So that the concept of cadmium hydroxide which
is electrochenically inactive is perhaps a little bit mis-
leading. What we really mean is that it's functionally in-
active; that if you put the electrode in a fiooded state
and charged it for a long time, I think you could get it all
chargeds: there would be no cadmium hydroxide remaining on
the electrode at all;

But the point is that most of it would have bezn
chaiged -=- or some of it would have been charged with the
evolution of hydrogen; which we don't want in tﬂe sealed
cell,

So that when we've been talking about inactivé
caddmium hydroxide, what we mean is cadmium hydroxide existing
in such a state, such as in large crystals; and these could
result from high temperature storage or high temperature
overcharg;, or a whole variety of ways; these crystals now
provide too little cadmium in solution to sustain this
reaction without hydrogen evolution.

So that's what we mean.

This is why it's rather indefinable, or why
measurements of it are many times misleading. Because just

what you call “inactive” depends on just what conditions you

o~
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have and what conditions you're trying to measure.

If you try to measure it on very rapid charge
characéeristics, you'll £ind you have a lot of inactives;
if you do it very slowly you'll have less. And so on.

So I think we have to bear that in mind. |

~ The reaction is: CdOH taken twlce, going to
CAOH taken three times, with a minus sign. And then this
is followed by electrochemical step in which Cd-zero is
formed.

, STEINHAUER: Steinhauer, Hughes,

A two-part question, Firsﬁ, Dean, the cells
you described this morning for Bell Jelephone service, are
these shallow depth use or deep? |

" MAURER: Well, they're designed for deep,
100 percent discharge.

STEINHAUER: I was just wondering, then, on
this amount of pre-charge neﬁessaxy for long life, how much
that percentage might be. Anxdthen I wanted to ask Jim
if he wouid put that 1.0 percent in an inactive form cor in
an active form?

MAURER: I'm not sure that I understand what
the first part of your question is. But we would put ahout
10 percent pre-charge in an active form. We would start
with the electrode as it's formed in the cell, and remove

enough oxygen to give us an additional 10 percent, roughly.
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- GASTON: Gaston, Grumman,

I have a question to Jim, I believe one of his
first éomments was in the pre-charge adjustment that the
procedures were contro;led and repeatabie.

What is the pre-charge adjustment procedure?

I don't believe you commented on that.

DUNLOP: I don't want to answer for G.E., and
I reélly don't know, so I really shouldn't say. But I do
know that they do a certain amount of oxygen venting; and
1 doq't know how much, and I don't know anything else -
about it. But I do believe it's an okygen venting technique
that they use, . —

-And the only point I made was not how it was done
but the fact that our measurements show that the amount of
precharge that they're putting in there is repeatable £. m
céll-to-cell and from lot-to-lot. |

GASTON: My comment to that is, I believe we
would like to look for procedures which we can specify,
which are.repeatable. I'm just wondering if that procedure
can be made know, or is that a proprietary proprietary.

DUNLOP: There's another point here; I want to
make very clear this particular point. For the particular
cells that we receive in this program we were able to measure
a very consistent total pre-charge, and after cycling a

fairly consistent electrochemically measured precharge using
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the procedure of a C/2 discharge into reverge, which is a
destruct test.,

If we got another size cell, or another lot of
cells from G.E. today I do not believe we would gét the
same ratio of electrochemical to chemical pre-charge,
because I made some measurements on somne qther cells,
and they don't give you the same ratio. And the same thing
applies to SAFT, by the way.

"One of the nmajor points that we have been making
to date is that if you want to know how much pre-charge
you're getting in your cells, you're going to have to use
some method of determining it by both electrochemically and
then by some form éf chemical analysis to determine what 's
remaining,

RAMPEL: Rampel, General Electric.

- Jinm, you mentioned before that possibly what you
may do on some cells later on in orbit to determine the
amount of chargeable cadmium hydroxide at the top is to
continue tﬁe pre-charging sort of technique, and so on.

I only want to point out, that's a good idea. But keep in
mind that at that stage of the game the separaﬁor has become
much drier, the reconbination rate has increased, and it may
be quite difficult tc perform that perhaps without adding a
lot of electrolyte, or something of that kind.

And in some cells, even adding electrolyte and
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maintaining the close spacing that you have.in the cell, it
still may be somewhat impossible to fully charge up the
cadmiuﬁ hydréxide.

DUNLOP: What utilization do you expect from a
G.E. plate after two years of operation?

RAMPEL: What plate?

DUNLOP: Let's take the program that we’re talking
about here. The plates that we have appear to have a
70 percent utilization after about oiie or two years of opera-
tion. It seems to remain fairly constant. after that.

Is that about the number tﬁat you would expect
these Intersat-4 plates to give?

RAMPEL: Now you're talking about the cadmium
plate. Yes, 1 would expect that utilization to continue.

MAURER: I think we have a little more data
heére to show. Joe O'Rourke has some tﬂings he wants to show
before it gets too late,

I would like to make one other comment, however,
and that ié that in doing these various manipulations of
reversing and so on, we're upsetting the balance of the
potassium hydroxide concentration. So we have‘to wOorry
about that, tvo. Ve lose water and we change the reactivity
of OH and water,

O ROURKE ; It's getting kind of late, and possibl

the data that I have to present might confuse things. But
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I'1l]l present it anyway.

Up until now most of the discussion centered on
gettin§ reliable, or consistent pre-charge measurements after
some type of a burn-in period ;s first performed.' The data
that I have found shows that you get gquite a variation in
pre-charée depending upon when the actual pre-charge adjust=-

ment is done relative to the time from when these cells

were filled with electrolyte.

This data was obtained on the OAO serial number
34,35 battery build. These two batteries are the ones that

are in the OAO satellite right outsidé fhe room there.

Essentially what we did -- we did this ¢ Gulton -t

we measured the oxygen that was being vented during the

cell build. This is with Gulton's standard pre-charge step.
And we collected the gas generated, which was nearly entirely
oxygen, into 1-liter graduated cylinders which were fiiled )

—

with water. And initially we had the tubes set in the bottom
of the graduated cylinder such that the oxygen will bube; "
up througﬁ. And we ran into some difficulty.

Apparently some pressure had been formed at the
top of the rubber tubing. And this created enouéh of an
chstruction to prevent ready flow of gas out of the cell.
And we're not too sure about.some of the gas measuremnents

we obtained that way.

After we changed the procedure and put the rubber

Py gerallt
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tubing up near the top surface of the gradu;ted cylinder
while it was inverted, in such a way that there was a
small éir pocket there, so that when the gas came out it
simply forced the level of the water down, we obtained a
lot more reliable gas measurements.

_(8lide 183.)

Okay. Some of these points may be.hard to see.
They're relatively close to the axes. ‘

| The %'s represent the gas generated for the
Gulton third electrode cell; they call it the anhydrode.
And the o's represent the amount of gas that was evolved
for their standard cell. AaAnd the 'x' axis is the hours
of stand time from the time that the cell was filled with
electrolyteuntil the time that the pre-charge adjustment
was made,

Aﬁd, as you can see, these péints here =- I be-
lieve the one closest to here was one hour sténd ;ime before
the pre-charge adjustment was made. And these here were
six hours.soaking time before the pre-charge adjustment.

You can see that the gas that was evolved, the
oxygen evolved, was very high and very transitory during
this period, and that after about approximately ten hours or
so of soaxing time wc got a vef&‘uniform amount of oxygen
evolution,

Pogssibly what was occurring was, if .the negative

sama?
R i T
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electrode wasn't sufficient wetted, most of the gas, instead

of recombining with the negative, just vented right out of
the cell. T

(Slide 184.)

ﬁﬂat I did here was, I plotted the actual pre-
charge neggtive capacity which we measured for the battery

build prior to the one I just showed you. And we're sceing

"the same type of trend. Those cells which had the pre-

charge adjustﬁent relatively shortly after the cells were
filled had higher pre-&harges than those which were adjusted
roughly a day after they were filled. | |
(Slide:185.) - N
This just shows a plot of the gas generated, tﬁe

oxygen obtained versus the actual measured pre-charge for

the 34,35 battery build. And the dotted line is the theoreti
cal 220 miIliliters of gas oxygen per ampere hour of dischargeji

‘negative capacity. As you can see, there's quite a bit of

variation about the line but yet there is a strong correla-
tion with.the points also.

Some of the actual TN-l measurements we made,
as fou can see the cells did gas. =-~referring to the points
on the bottom, the cells did gas. And yet, as was mentioned
earlier, we didn't have any electrochemical measurement
obtained. This was obtained relatively shortly after the

pre~charge adjustment.
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wbldt 1 Essentially I'm saying it wasn't much of a burn-
2 in.
(ﬁ 3 . That's all I have.
T 4 MAURER: Any comments?
S BETZ: A number of thingse- In my previous employ
6 I lived through a nuﬁbet of these problems along with you
7 guys. I might mention a few things.
8|' On cells very similar to the =- or pre-charged in
9 a manner similar to OAO, that particular lot of ORO,

10 normalizing the pre-charge we found a sigma of about six
1 minutes and a mean of about thirty minutes. Unfortunately
ql§ 12 that -- they were all charged relatively soon after pre- '
13 charge, or after activation. L 127 s ' --
P = 14 ' "~ Also I night mention that the reason there was
15 a 24-hour lag was because there wasn't enough equipment E
16 té handle all the cells so that you could measure -the oxygen.
17 ' Secondly, at the time of this OAO build there was )
18 a different technique available for providing pre-charge. 3

19 In fact I might mention it was 20-ampere-hour cells, and
20 they're in Mariner Mars 71 out there right now., The pre-
Y 21 charge had an average of about 18 minutes, which would be
sw 22 about three ampere hours on a 20-anpere-hour cell. The "
23 standard deviation was ‘-about three minutes, as I recall,

24 which would be conparable to Dunlop's plus or minus an

ice ~ Federal Reporters, Inc.
25 anpere hour.on a 15, There were relatively large samples
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here of three to five cells per 40 for a coﬁple of hundred
cells in both cases, ' ' E

What I wanted to say, though: the technique for
measuring pre-charge will produce fairly reproducible results
with reasonably large sample sizes.

Also, it's much better if you have soma measur-
able pre-charge there electrically. For instance, as I
indicated recently, ATS has now achieved the - ultimate: we
have zero pre~-charge and zero standard deviation; measurable,
as you found.

I think the interesting point on your curve also
is that there is a threshold. And in Dr, Font's data it .
was the same thing. That you must permit a certain amount
of oxygen to escape from the initial state before you're
going to measure anything. And it loocks to be, in the
20-ampere-~hour size cells here that he had, something maybe
in the ofder of 4 to 6 ampere houvrs, I think that agrees
with my recollection of what the oxygen offset was, from
utilizing 5 baseline, actually a rcversible baseline,

But depending on the technique of pre-charge
certainly there are more uniform ways available today that
everybody knows about, for setting pre-charge, than what
you're using on OAO. And they were available a few years
ago, And I think Grumman chose not to use them.

KRAUUSE: Krause, JPL, There has been a lot of

B coall o e
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wblZ,: ] concern expressed over pre-charge this afternocn. 2ad ;
2 perhaps I would like something clarified, that keing where
(i 3 does this concern really lie? Can anycne make any genexal
4 comments about failures that have occurred in application of
5 batteries due to pre-charge problems specifically? Can
6 anyone pinpoint that?
7 Secondly, can anyone answer if there is a type
8 of cycling regime =-- temperature, cvcle life, lifetire in
9 general -- where pre-charge is or is notla critical item?
10 And are pre-charge techniques that are presently being used
n sufficient for a great number of applications, and are we
q'; 12 getting worried over something for nothing; or is there
';- : ‘13 really a problem?
14 . © ° FORD: Ford, NASA Goddard. I would like to answer
15 that one. " - E
16 . Sfan, as youy,and 'most éverybody here, are aware,
17 one of the problems that led us down thi: path that we're
18 currently pursuing today was back in 1968, It was involving
19 a spacecréft battery for the ONO progran.
20 We had‘been running cell tests, and we did observe
21 through cell test at Goddard out of a flight lot, that
&’} 22 after-- I remermber particularly it was approximately 1300
23 cycles in a near earth orbit at about 15 percent depth,
24 we begin to sece a cell voltage divergence on charge. This
"-F“"NR”M"“';E naturally did not concern us. But then as we watched it
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. f
wbl3 # 1 progress it got worsc with tinc. or ..th use, i ;
2 To make & loag story shori, we resolved then that ?
(é 3 the situation tha* we were chserving was one due to cells
\ T4 becoming negative limited with cycling. And I think this
5 is attributed to -'- if you lock at some of the data that ‘
é has been presented here and elsevherc, that when vou build
7 a cell and vou look at it in the early life of it, you got
8 good utilizatinsn in the negative, or bketter utilization than
9 you do get six months downstrean.
10 ~ As you cycle the cell, the utilization in the
1N negative falls off, and perhaps reaches some steady state
G!} ' 12 value. Although I have seen data from a NASA progranm where
13 certain lots of negative plates do not necessavily stabilize .
14 with ¢cycling. _
15 Now let's take the two cases. 1 :
16 ' If you assume that the negative nlate capacity
17 stabilizes with cycling, then all vou have to worry about
18 is having sufficient overc!.arge capability on lDay-l to allow %
19 that d&agradation in the negative electrode.
20 But then yo» take the seond situation, which I
2N don't have an answver tc, that the ncgative electrode does
Q!% 22 degrade and continues to degrade; it does not siiow stal;ility
23 after a burn-in period. And I'm not sure anvone knows what
24 a satisfactory burn-in period is,
\u-ﬁwaﬂﬂwmmu,;g We did not fail =ells in the test because we had
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pressure gauges, we took cell samples, and we were able to
identify the problem,

We carried it Oné step further. We got involved
and built another battery. But we xnow %today we didn't
resolve the problem in building that battery either, because
we got those cells in-house from that lot, and we tested them
approximatély a year... This data is documented in the nex:
document that I have left on the tahle, and part of it was
reported in the 1970 Power Sources Conference.

. We did observe, after about 4000 cycles on those
flight cells for the A-2 spacecraft -- the one .e've been
talking about during this two-day meeting ~- that one of
those cellé began tc diverge in voltage. --divergence neaning
increase., And after a period of time, appro:imately 1600
cycles if I remember correctly, this cell began tc¢ show a

gradual pressure increase with cycling. o change in test

"conditions, just a gradual build-up in the <l 2 pressure.

And on a cycle-by-cycle basis this is not obvicus, but ¢n
a day-by-day, and particularly a week-by-week basig, you
begin to see this pressure build-up.

Now on that cell, by using a technique of -~ we
discharged the pack down, we reversed that cell; it was a
C/10 rate; and removed some pre-charie, an? then put the
peck back on cycling., And we Jdid indecd bring the overcharge

voltage, or bring that cell back into linc with the other

—-——
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packs.
Something I haven't mentioned that is pertinent
to this, because I mentioned that was a group of cells out

a flight lot. Well, we have observed characteristics

ta

o
on that flight battery today, or earlier this suwamer, that
lead us to believe that we have the same symptoms now in
flight,

I hate to bring this up, because it can get quite
involved, but, as most of you know, we have one cell in each
battery that has a third electrode. And, incidentally, there

is some correlation in the data == looking back through the

-manufacturing data -- that third electrode cells going

through the nanufacturing process, have a certain tendency
to come out with higher levels of pre-charge. And I think,
without going into details, I could show you data to verify
this, ‘

So what we obse;ved back during the early spring
of this year, that under similar operating conditions th-=
flight batﬁery, the third electirode we started ohserving
what we called an anomaly on one of the third ele~trodes in
the flight batteries, of which there are three.’ We became
quite concerned because we had had about two and a half
years of operating time on this battery., and we saw something
here that we had never really observed on ground testing == or

perhaps it's better to say we had never really looked at it
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in detail on ground testing.

What we observed is, in fact, as if the thirgd

electrode was losing sensitivity; even though we were charging,

cycling, as we normally do, the third electrode on one

battery just ceased to come up during charge. The other two

performed as they had been in the past.

This went on, and we began to analyze the data,
And in about another month we noticed another third elec-
trode dropping out of the normal range of operation.

So as we iooked further into this we set up a
series.of tests to try to find out from ground -- and this

is pretty difficult to do hecause you have very limited

.data to look at. But we arranged a series of tests where

- we tried to analyze what the problen was,

Essentially we found out that if we reduced the
overcharge on the battery by lowering the BVLS level con-
trol, which lowers the voltage point at which you're con-
trolling the battery and, consequently, lowers the re-
charge, aﬁd stayed that way for two or three days, and then
recycled back up to a high overcharge condition, the third
electrodes all showed a very healthy response and all come
back to near-normal condition.

We stayed there at a medium to high overcharge,

in a range of 120 to 130 percent. And one of these -- possi-

bly two of these third electrodes would then, over a period

& o

&
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of days, start decaying again and dropping out.

We did this on two diffexent occasions. By that
time wé had done extensive investigation into the test data
that we had. And we began to realize that one of the things
that will kill the third electrode is the presence of
hydrogen in a nickel-cadmium cell,

Now I can't explain all the ramifications of
this, other than the fact to tell you that the test data we
have Shows that as you get high cell voltages and begin to
generate hydrogen vou can observe an gpparent decrease in
the sensitivity of the third electrode in the same relative
oxygen environment.

We have seen further indications. of this some
time early in the program when some cells were reversed, and
we noticed that on initial conditioning cycles, try;ng to

rejuvenate the cells, that the third electrode stayed

-negative for quite a while, and it finally recovered over

a period of two or three days. At that time we knew there
was hydrogen pressure in the cell.

As a result of all this, we have imposed additiona
operating restrictions on the spacecraft. We're operating
at a much reduced voltage level. We are not suffering any
degradation in capaclty because of this., We have reduced
our recharge in the range sonmewhere helow 110 percent; in

fact, we have followed this with ground tests and demonstrate

(W R T 2 T N
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that we could maintain this battery with 105 percent re-
charge. |

So I think the data that Joe O'Rourke presented
yesterday adds additional information on this when he shows
a chart that showed that what we call our shunt charge time
r d decreasedby approximately about ten minutes.

Now the implications are simply this: We afe
conv;nced that in those £flight batteries today we have
considerable cell voltage divergence if we're allovied to
overcharge. And vhen I say "overcharge™ mean put in a
respectable overcharge but not excessive. By maintaining a
very marginal overcharge on the battery we have been able
to keep the third electrodes back, and they are functicning
what ‘we consider properly. .

But all we have to do today is to allow the batter;
t6 go to a relatively higher overcharge condition, and we
will indeed see one or two of these third electrodes hegin
to drop out again. And it's pretty clear-cut now. This is
a distincéive pattern that we have established.

GASTON: Gaston, Grumman, I would just like
AN
to go back to Mr, Betz' remark before, to bring it into
proper perspective,

He someho. == and I hope I don't misquote him: he

said that there were various other pre-charge techniques

available, and Grurmman chose to stay with one. Well, for the
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record, until 1968 Gkumman did not know what the pre=-char-e
procedure is; it was proprietary; and the other pre-charge
techniques bhecame, I would say about the last year or year
and a half. By that time the program was qualified. And
we would much rather like to stay with the one which we had
before, try to control that, before we go to other techni-
ques,

MAUﬁER s Jim?

DUNLOP: Jim Dunlop, from Comsat. . e

I would like to address that question about
pre-charge and why we have pre-charge.

It's necessary in a battery apparently to adjust
the positive with respect to the negative. And the methods
that are currentlv being used are to adjust the stated charge
of the positive with respect to the negative by pre-charge.
But the reason that you . do it is not really-- It's not
really as important how much pre-charge you put into it as
how much overcharge protecition you have, I believe.

| Unfortunately, we've been talking about "pre-
charge®™ and I think what we're really discussing in terms
of the synchronous application is how much overcharge pro-
tection we really have. |

And the s~cond point we're discussing is how to
measure the amount of overcharge protection we have. And,

unfortunately, as was mentioned earlier, it doesn't seenm
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that there is --.it seems that there is some concern about
the best way to measure it, And what we were proposing in
this, 6r presenting in the work that we have, is a method
just to measure both the overcharge protection or.fhe amount
of protection you have before you 're going to start getting
into a problem with hydrogen evolution,

And to do that it seems necessary to measure
pre-charge.,

KRAUSE: Krause, JPL.

I agree with you, Jim, and that was the point I
Qas really driving at, that we keep talking about pre-charge
and it has become apparent today that measuring pre-charge
does not help vou really determine what your actual over-
charge protection is,

DUNLOP: I don't agree with that.

KRAUSE: Well you aren't really correlating the

-two, because there seems to be some inactivated species at

one end that have no correlation with what is going on at

the other end. And I think you've got to talk about both
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and no’ just dwell on pre-charge here.

I agree with you , we've got to 1ook at both
ends of this thing and not just dwell on pre-charge.

It seemed like there was a great concern over
that one word and that one concept, and I think they are

two things.,
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421 ;
wb21: 1 FORD: Maybe we've been trying to grab the yé
2 donkey by its tail and we should be trying to lead him by :
£ 3]  hishead.
'B; ) 4 LACKNER: Lackner, Canada Defense Reseérch.
5 I agree with some of the comments that Mr. Dunlop
6 has been saying.
7 Now he's saying we should haye an effective
8 positive to negative r~tio, if I read him right. Now we
9 have stipulated this in our sat: lites as being an effective
10 1,7-to-1. We write "effective."” So if there is any pre-
1 charge it goes above that. |
@ 12 Now the way we get the effective is by matching
d . K ‘ plates. So ue match the capacities of tha plates, not by
14 pre-charge,
15 So a very.simple thiné Qould be if you had a
16 1.7 amp hour negative against a 1 amp ﬁour positive; which
17 ycu can measure in an open vat before you even put the
18 plates together, --instead of trying to play games using
19 pre-charge. |
20 DUNLOP: Just put them together; is that what
21 you're saying? |
L 2 22 | LACKNER: Yes.
23 DUNLOP: 1You don't do anything to them; you just
24 put them together and seal them up?
Dy LACKNER: Yes.
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RAMPEL: Rampel, General Electrié.

Ten percent pre-charge has been mentioned, and
if I remained silent it could be construed that I am in
agreement with that level; s0 ==

(Laughter)

.And I take it to mean total pre-charge, when
we're saying 10 percent. Okay.

Going back to Dr. Font of SAFT, with his various
pre~charge levels, he summarized it and said, Well, ghe
level of pre-charge is a compromise, I agree with ‘hat.
It's necessary to have pre-éharge, and I feel that we need
far more than 10 percent. But by that I'm not suggesting
that we go out the othcr end. . R

" But I'm saying here that we need more than
10 percent :in order to sustain problems coming f:irom losing
levels of -voltage on discharge with time,

DUNLOP: Guy, I think I would Sgree with the
fact that you do need some pre-charge. And the amount that
you need seems to be one of the aréuments.

There seenm to be two arguments: the amount that
you need, and how to measure it.

Now taking the amount that you need: in that
program that Dr. Fon! described, interestingly enough the
levels that were used there are 2 percent, 20 percent and

30 percent, approximately. You notice that the amount of

PR I R o ~N¢MM1 .,
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pre-charge in the case of the lowest one wa§ about 8, 7 or
8 ampere hours in a 72-ampere-~hour cell, That's 10 percent.
The seéond case was about 15, and the third case was about
20 ampere hours of pre-charge.

Now we don't really know-- We do know that the
pressure dqesﬁ't seem to be a factor., We also know' == I
think what your comment is == that there is an effect, an

apparent effect on the measured capacity initially, ampere

1
1

hour capacity of the positive plate.
. Is that the point that you were making?
RAMPEL: ¥No, sir. The point I'm making is that

the cell at the 10 percent level of total pre-charge will

rapidly become negative limiting with life. C e e

" DUNLOP: Well, Guy, the only comment I can make
is that your cells that I have been testing would not have
become negative limited based on the results that we
presented today.

FORD: Are we talking about 10 éercent of Day-1l
negative éapacity, or 10 percent after burn-in? -

DUNLOP: Floyd, as I show on this graph up here,
and I'm going to repeat this many times, I guess, today,
the ampere-~hour capacity of those plates didn't change from
Day-l to Day-20 in t.rms bf‘qheﬂiotal measured ampere-hour
capacity of that negative plate. It was 46 anpere hours on

Day~l and it was 46 ampere hours three years later. The

NN "
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total measured ampere hour capacity of those plates had not
c hanged over that entire three-~year period.

We didn't even see it change due to this effect
that you're talking about of the soluble cadmium, We were
measuring plus or minus 1 ampere hour, 46 plus or minus
1 ampere hour.

FORD: Yes, Jim, I acknowledge that, But when

~we say "total",I'm concerned not with the total but with the

electrochemical. And that's what I'm saying: should we base
it on what the electrochemical capacity is after this burn-.
in period, and make it 10 pe&cent of that? Then will we
have sufficient pre-charge to prevent the problem that Guy
has mentioned of fading? - .. . i

" DUNLOP: Okay, Floyd, I go back to the data that
we presented today. .n that cell we had a total measured
electrochemnical capacity, total determined. That's measured
chemically and electrochemically. 46 ampere hours, We‘had
4 ampere hours or less of cadmium charged that could not be

discharged. And we're operating that cell not completely

discharged; we're operating that cell between the full charge®

condition and the 50 percent discharged condition. We're
nowhere near the po’'nt at which we might becoma negative
limited. And we had no indication from the data that we
saw that that cell would have ever become negative limited

if we would have put into that cell a large -~ if we had put
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into that cell~-- There was no reason to put into that cell
rore than 4 or 5 ampere hours pre-charge, based on our
resulté to date.

MAURER: I would like to make a comment.

There seems to be a tendency among one faction
here to say, Should the pre-=charge be 10 percént, 20 perceﬁt
or zero? I think the pre-charge should be what you need for
your particular applica‘’. .

Some of us are exposing the cells to a wholag lot
of overcharge, and under those conditions the amount of
pre-charge can be relatively smallef. But for somebody who
wants to usa the cell, where he cycles it to essentially no
overcharge, or even cycles it down almost upside down, then
the amount of pre-charge might need to be quite a bit higler.

So X think we have to bear that in mind and
tailor these to the application we're talking about,

RAMPELt: I agree, Dean.,

And, in addition to that, pre-charge levels
required ﬁay also vary between vendors' different plate
properties,

FORD: Dean, are you saying we've finally cqne
to the realization that we've got to design a cell for
each application?

MAURER: Essentially.

FORD: Agreed.

»
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I
wb26:§ 1 STEINHAUER: Steinhauer, Hughes‘,
2 Does it also mean we have to develop an analytical
G 3 technique for each vendor?
).4 s 4 . {Laughter)
S MAURER: Well, I will comment,
6 ‘ I think you ne=d to make measurements on each
7 vendor with one particular technique in which you have some
8 faith and confidence personally, and then be consistent
9 and apply a certain set of numbers to osne vendcr and another
10 get of numbers to another vendor, depending on his particu-
n iar properties,
S 12 RAMPEL: One more comment,
@ .13 As far as the necessity for a givenlevel of ' i )
) 14 * negative pre-charge, well, we did say application, But I
15 want to emphasize that relative to temparature, high.
16 temperature, one needs a neck of a ot of negative pre-
17 charge.,
18 MAURER: Well I think we've nearly run out of
19 questions .now, SO0 miyoe we s™ould break up and go off the
20 record into corners and various other suitahle places.
21 LACKIIER: Lackner, Canada Defense Research,
G 22 I just have to get this title in, We talked
23 about separators and we talked about polvpropylene and
24 wet:ing agents. Now in February 1970 there was a separator
P Foderat Reparters. '52 symposium in Columbhus, Ohio, put on by the Columbus Section.
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wb27;§ ] The Electrochemical écciety, where separators were exhaustivefp z
2 ly covered for nickel-cadmium, silver-zinc fuel cells. And %
3 Dr. Kihg presented a paper on"QC Procedures and lHeasurements, i
. 4 Polypropylene Separators for Sealed Nickel-Cadmium Batteries.f
5 This is available in the standard abstracts of the Columbus
é Section of the Electrochemical Society meeting. . s
7k It covers our point of view on the separator, ;
e that a wetting agent is necessary. It goes through a whole 3
\ 9 series of tests on how we test the separator. It goes
10 through a table which shows that air permeability does :
]]" lc 7er the pressure within the cell, And short of giving a
12 dissertation on the separator, I will just put it on the . 3 é
? 13 =eccrd., . , . ; . '; .
14 : v MAﬁRrR: Very good. i -
15 " I'1ll turn the r2eting over to Gerry. § T
14, - SCOTT: May I have the last word, please¥ ? ?
17 In my view, the question of a satisfactory method
18 of testing is a nuch simpler one than how much you need or
19 dn't need; I would hope it was one that we would have i
. 20 resolved a little bit move, possibly, today.
21 But, in addition to that, I would like to say that
quJ 22 in general if one has to burn in a cell for 'x' cycles
23 before one can get any present method of neasuring pre-
24 charge tc work, then that method ié suspect and not very
!'ﬁxﬂﬂﬂwmwm'gg practizal, ii my view. Because today in the real world of
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purchasing cells it is generglly not practical to include
burn~-in in acceptance testing in order to purchase cells
from a-supplier. And, therefore, what we need is a method
which could be'applied by a supplier without having to go
through a burn-in procedure, in my opinion,.

‘Now, whatever the user world like to do after he
gets the cells is his own business. And he may be able to,
indeed, make a better final determination after such a
burn-in, But we still need a procedure that the supplier
can use prior to that.

MAURER: Well I would say really -‘that the

procedure is all right, but the stated charge-is really. :

chanaging during that period of time, - -~ =~ = -7~ -

" SCOTT: The same question then comes back agains .

is it beéter -- can we anticipate that possibly a strictly
chemical method is, in the long run, going to give us some-
thing that is not so dependent upon ali these conditions
that we could lean on as far as some indication of what the
manufacturér is doirg for the purpose of quality control,
and leave electrochemical measurenments untii sometirne later
on? 1Is tﬁat a feasible approach?

MAURER: Do you want to.comment?

DUNLOP: I would like to make thiscomment: that

I think it may require both, with the presen- technique,

unfortunately, Dr. Scott.

N N i R At NI LSRN SR VSN . 1
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The reason I say that is this: 1In that presenta-
tion that Dr. Font from SAFT-made, you will notice that
the amount =-- that it wasn't really complete because the

electrochenical analysis wasn't complete at the end of the

' 30-cycle test, But initially the data seems to agree very

well,

If you notice, if you added together what he
measured electrochemically to what. he measured chemically,
the result agreed with what he expected to get.

. bid ¥ nake nvself clear there?

In other words, it was a cﬁnsistent -= the results
were consistent, but that if you tried to use either, just
thechenical or the electrochenical, by itself, you-would have
seen a variation in the results. So you have to use both,

And, unfortunately, in our data to date == and
let me repeat this: I think.I said this once before: in the
chemical analysis it is necessary for us to first completely
electrochemically discharge that plate before we can make a
good chemical analysis,

Do ycu understand the last point? You have to
electrochenically discharge that plate. |

SCOTT: thy?

DUNLOP: .ecause if you leave charged cadmium in
there that can readily oxidize. It seems difficult to make

a chemical - not to oxidize in the process of doing the

"

”
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chemical analysis,

SCOTT: You mean if you take the cell apart in
an ineft environment you're going to oxidize the cadmium?

DUNLOP: I will just'.say that if we on purpose
charged the plate, or if you don't completely discharge it,
you don't seem to get a consistent result. The only time
you get a consistent result is when you conpletely discharge
t he plate electrochemically. Because the material remaining,
you know, does not react either eélectrochemically or with
oxygen at a very high rate.

There are other ways to discharge it, by the way,
just by putting in oxygen. ' P

I think there are some other peoplé- in the room

that can answer that question. This has been observed not

ly just us but by Battelle, by SAFT, and by many people who
have worked on this procedure. And it's actually documented
that the best way to do it is the way 1 just got done
describing.

SCOTT: If that is true, then T agree. Howvever
it would be worth while, I guess, being more sure that, for
example, you could not perform a reliable chemical analysis
after discharging the cells to plus 1 volt, rather than havim
to go through an elec.rochemnical step.

FORD: I would like to make one last comment,

Gerry, if I could. 1I've got to go on record with this,

Ly oA
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" because I will have to say that with the exception of the

data that Dunlop has presented I have seen no data, since
we started looking at this, that tells me that the electro-
chemical method'of looking at ampere-hour pre-charge is
satisfactory. Cohsequently, the only alternative we have
today is just to make sure the procedure used for pre-
charging or putting that charged cadmium in the cell is
satisfactory and acceptable to us. That I have to go on
record for,

~ And the only one that I know that is acceptable
to me today is the one of a controlled oxygen venting
technique,

DUNLOP: True; but how d you know how much to put

FORD: I have as nuch confidence in knowing that

I°did that ahd measured, say, 'x' number ampere hours, Now

you're going to ask me how de I know what ;x' number ampere
hours should be. For that I'll have to rely on experience.
That's thé only tvpe of thisg I have confidence in today
in running a flight hardwvare proéram.

I cannot rely on the test technique“and the
numbers that result from the way it is now specified in
the interim model spcc in subsequent Goddard specs.

DUNLOP; Okay, Floyd. I agree with everything

you say. But I guess I want to make just one more comment.

AY



-

S . . c ., "~~ R Y - o
Wb . ) SR A \

‘ “.' ‘*ﬁwmu ,.,A.r... : . o '
é 432
|
' 1 We've presented data, SAFT has presented data,
2 and Battelle has presented data on ahprocedure to neasure
_3 the pré-charge. And, for some reason, you don't want to
4 accept it.,
5 Now all I'm saying is that all these procedures,
6 all these groups that have used this particular procedure
7 that we're describing today, have come up with a relatively
8 consistent result. And.that's the only point I'm making.
9“ Battelle, SAFT, and Comsat to date have used a procedure
10 that we've documented, that you have access to, that says.
n that you can measure it, and that the.battery manufactuarer
12 can measure it., He can use the same procedure. They do use
-13 the same procedure.. And-they can measure it., - ..-. .. ..
14 " So it's not the fact that you-- You made a com=-
15 ment that I challenge, and the comment was that you haven't
16 seen any data that shows you that you ;an measure the pra-
17l charge. As a matter of fact, I think there has been a lot
18 of data presented that says that you can measure the pre-
19 charge; nét just by me, but by Battelle and by SAFT today.
20 FORD: My comments still stand.
21 STEINHPUER: Jim, if you're measuring these
(]Eg 2§ things, pre-charge and overcharge.protection, maybé_yéu can
23 measure them on a re’ative basis, My question is;’Relative
24 to what?
”'“”“““"”““'32 In other words, it seems like we have to establish
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1| - correlationz, either chemical or, you know, electrochamical

to chemical, or whatever we choose to use as the standard.

But I'm kind of worried, after listening to all

2

3

4 this, and seeing membe;s of the Spec Committee in the room,
5 as to how long the things we heard today are going to take
6

to get into the spec.

7 HALPERT: Let's leave it at that. That's a good

g8 question.

9 I think our questions about whether we were -
10 going to have a good mee.ing here this vear have certainly
1 _been answered., I think we have had a good meeting. I

12 think we look forward to next year's meeting. And I think

13f a lot of people say they're going to do a lot of testing;

— .- -— . —— ———— - cmm— ——— R ———— -

14] We have recorded in fhe notes all the things thaé

15 they®re going to do,;hd ﬁe're goingm;;-;;;eét_;;;;ngg‘re;;;é
16 on it next yéar.

17 We will have material, more specific data to talk
18 bout, and more specific tests, and we can identify more

19 material..

20 I think we've gotten a lot out of this, and I'm
21 very happy thzt you all attended. I want to thank all the

22 people who have helped in chairing and in helping with the

23 microphones, and so on.

24 I hope you all have a good trip. And we'll

¥ Ace ~ Fedatal Reporters, nc.
g e e m"’;g t rv and get the information to you within a month, as I
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Thank you all for coming.,
(Whereupon, at 5:35 p.m., the meeting was

concluded.)
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