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| some of onr problems and present some of the test results

| fifth session tentatively scheduled for Wednesday morn:ing,

_.BPROCEEDINGS
HALPERT: I would like to welcome you all here this
morning.

The purpose of the program here today is to air

that have been accumulated during the last couple of years.
We hope that you all will take part whenever the situation

presents itself. We have four sessions planned with a

if there is a special subject that we may w&nt to carry
over.

- There are speakers who have already come forward
and indicated they would like to talk. Each session chair-
man is responsible for the speakers in his group. I will intro-
duce each of'the chairmen so that if you want to be added to
the speakers list, you can contact the chairman before the
specific session of interest. I am sure he will -be very happy
to put you onlthe ppogram.

I will be chairing the first session this morning

on materials.

Floyd Ford will be chairing the afternoon session
on cell production testing and precharge.

The third session tomorrow will be chaired by Tom
Hennigan. It will be on the separators, seals and battery

hardware.

PR —

© o o h
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The ch@irmaﬁ of the fourth session on Tuesday after-
noon will be Bili Billerbeck from Comsat. Bill's session Qill
include new designs,‘devices and new applications.

As you can readily see and as in the past our
program is recorded and is beiﬁg taken down by a'éteno-
grapher.

In ordervfor the books to be published later on,
wé need the identification of everyone who wishes to |
question or comment on a subject. Will you please clearly
give your last néme and your affiliation and he will be
glad to také down the infoﬁmation.

At a later time before you léave we will hope to
have a listing of the speakers who have élanned their
presentations for today and tomorrow. If that doesn't‘come
out, it certainly will come out with the booklet later on.

For any of YOU who did not return a brown card
to'me, I will have tﬁem available this afteinoon.

I would like to have your full addresses including
2IP's and mail codes to make sure you get a copy of the
minutes. |

| The area that we hope to covér during the workshop
starts with -~ if I can have the first slide. -

(slide.)

~~'thé nickel powder,

We see pictured a scanning electron photoricrograph
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of nickel powder .287 with 5700 "X" magnification. This
powder is used in the manufacturé:r.of the porous plaque used
as the basis for the nickel and cadmium platés.' And.this is
it when the cell is all assembled and cased.

(Slide.)

This is an OGO battery ready for flight use. After
b;ttery assembly we can't really do much aboﬁt it. So the
probleh‘areas exist between those two points.

It is appropriate at this time for us to put into
perspective the major problems that must be solved for the
aerospace battery. To describe the key issues that the power

system designer must contend with now and in the future,

we are fortunate to have with us Mr. Chuck MacKenzie, Chief
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of the Space Power Technology Branch. Mr. MacKenzie has
considerable experience in satellite power system design
and operation. . And aﬁ present he has ﬁhe overall power
responsibility for ever satellite at Goddard.
It is my pleasure to introduce Mr. Chuck MacKenzie.
MAC KENZIE: Thank you, Jerry. I would like to
also extend the welcome of the Center to each and every oné-of
yod. We are very happy to have you here tackling whét we
in the power system area consider our most important component
on the spacecraft.
* I ﬁake the solar array people and the power
conditioning people unhappy with that statement, but to us

in the system design, the battery is the most importaat

component we have, probably because it is the least uader-

stood component that we have.

We are still pushing in the general sense forra

need for higher energy densify on cells and a longer life.
As I look ovef your agenda I notice thét you are more nicad
oriented than you are total battery oriented. But I do ask
you to keep in mind the high energy density requirements. It
hit us in the face agéin last week where somebody want:s a
five-to-one improvement on nicad weight with the same life-
time. And we will continue to get that.

I think you will have to look at your battery programs

in a climate of short funds;and for the people who moritor
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these programs in.a climate of shott travel. This means you
have one very important management function that must be

far better than it has been in the past, the communication
must be good. We must understand our terms and talk the
same terms so we can communicate.

I look at the battery problem from a system
engineering standpoint. I know just a little bit about
batteries, a little bit about solar cells, a little bit
about power conditioning, but I can put them together
efficiently.

I am your principal user. And while you might not
agree with me as to what I see the problems are, you have
two things to think about:

| First of all, am I right in my views of th¢ problem?
And if I am not, you have the}duty té correct me, If [ am
right in my views of the problem you have to get us the answers.

To mé there are three basic needs that we need
from the battery people right now. We need a uniform pfoduct.
We need one that we know. Now, the Crane Program has done us
a world of good to give us an idea of how the battery
operates and what we can do.

But I think from my standpoint, the first six or
seven years of Crane data is only indicative of the battery

because there are so doggone many failures due to process

control and assembly and misfabrication that we cannot trust
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the data. We hope that your uniformity and your process
control will improve to the extent that the data can bel
categorizea and can be truéted for oﬁfvpredictions.

Second, we need some good parametric data. What
we would like to see is an impossibility, but we woulc still
like fo see it.. We would like to see the battery characterized
as a‘transistor with as well defined parameters that we can
pick up and use as a design just as we do with the trensistor.
H How we get this I don't know. I'm not even sure
we can get it: But I think'this is one area where I ask you
to search all'your in ingenious tecﬁnical minds and try and
help us solve this problem.

The third problem is that we need some reliability
m¢§els and we need some accurate test extrapolations. We're
looking at th:ee,»five, seven and in the future ten—yegr
design lives.

The only component we have to meet these require-
ments right now is thg nicad cell. But for a l10-year fequire-
ment we>cannot put a cell on test for 10 years. So we have
to know something aboﬁt the reliability of the device and
how we can get good tgat data in a short time that will
predict the long life.

This is not an easy task. However, I do see the
competence and the capability in this room to solve it. I

have no fear that we will get the answers in the future. But
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we need them as fast as you can get them to us. I thank

q

you all for coming. I hope your workshop will be productive.

Good luck to all of you.
(Applause.)

" HALPERT: That is as close to a keynote address

as I've heard here for t-e battery industry. I think we
all have a mission to accomplish, Chuck has certainly given

us the-key to start. I hope we will continue on in light

of what he has said.

SESSION 1

The first session is material assembly, plaque,

plate, control and some of the basic operations in making

the plates that go into a nickel cadmium cell.

We have as our first speaker this morning Richard

Beauchamp of Bell Labs who has done a considerable amount
of work at Bell in working out new processes of platz

manufacture.

I would like to introduce Dick Beauchamp.
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BEAUCHAMP: I would like to give a review this

morning of a paper that was presented at the fall meeting of

the Electrochemical Society.

For those of you who were therevI ask you(to bear
with me. For those who weren't, also bear with me. And I
will begin my talk this morning By briefly describing
some of the conventional impregnation processes used commer-
ciaily. And ﬁhen we will discuss the more rapid and direct
electroéhemical method.

Thg limitations of these processes as presently
practiced will be shown before proceeding to describe theA
new electrochemiéal technique whereby the amount of active
material introduced into a sintered nickel plague is
significantly higher than that obtained under normal operating
conditiéns; |

Nuﬁerous process parameters have been explored.
Andttheﬁoptihum ranges of the variables will be selected. The
effect-of these parameters on crystal morphdlpgy will be
demonstrated with electron photomicrographs. Also shown will
be the uniform distribution of active material in the
pores and the high surface area of the deposit: And then
finally results of both open and sealed cells cycled under
various conditions will also be presented.

If I nay have the first slide, please.

(Slide.)
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This shows a schematic of the commercial impregnatiSr
process in.which a sintered nickel plaque is filled with a-
saturatéd salt solution, cadmium nitrate, nicke; nitrate,
by immérsion. And the hydroxides are precipitated by
electrolytic, chemical or thermal conversions And the plates
are washed aﬁd dried and maybe gi?én as many as five to eight -
cycies in order to achieve electrodes of high energy.

density.

The amount of’material deposited in,ohg,qycle is
dependent upon the solution concentration,and itiig nften
necessary-télrepeat this step several times.

- (S1ide.) -

Here we show a schematic of the electrochemical
impfegnation process which was first talked about by Edison

and Candler.

In this case you start with a sintered nickel
plagque again,.but the battery active material, the hydroxides,
are brecipitated in éitu .~ in¢ your saturated salt
solutions by passing a cathodic current between the plaque and
two suitabie counterelectrodes,

The plaques are then washed énd dried. And, if
necessgary, the proéess can be repeated.to increasg,tﬁé loading.

(slige.)

Hére we show a graph of the theoretical eglectrode

capacity in terms of ampere hours per cubic indh4&epsus
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impregnation time,.‘And this represents the optimum conditions
of loading using the eléctrochemical process a£ room tamper-
ature,

We use a four-molar solution of nickel nitrate
at a current density of 2 amps per square inch. And you can
see that we can achieve a loading of 1.2 grams nickel aydroxide
per cc of plaque void . which is equivalent to nearly a
loading of five ampere hdurs per cubic inch. Here too the
process can be recycled if a higher loading is desired,

When initial attempts were made to prepafe cadmium
electrodes by éhis process, wé were less successful. JFinally
after renewed effort we were able to at least obtain the
loading conditions as shown in the next slide.

(Slide.)

This is also electfdchemcially precipitated at
room temperature. And it shows that the maximum loading
obtained is about one gram’ofIEadmium hydroxide per cc of
plagque void.. Here égain it is equivalent to about
five ampere hours per cubic inéh. In this case wezve used a
solﬁtion of two-molar cadmium nitrate at a currgnérdensity of
.125 amﬁs per square inch. i

‘And to reach this loading réquires an imprecnation
time of approximately 75 minutes.
One of the.problems we'vg found with the preparation

of cadmium electrodes with this process was the effect of
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crystal size and>the blockage of the pores which hindered
subsequent precipitation. We did some initial attenmpts to
decrease the size of the cadmium hydroxide. &aAnd we :found
that if we increased the temperature up to néar the
boiling point of the cadmium nitrite solution we did indeed
decrease the qrystal size as shown in the next slide.

(slide.) .

These are transmission electron photomicrc~
graphs,.lo,OOO "X" magnification. The cadmium hydroxide

was deposited onto a planar nickel sheet in a boiling

cadmium nitrate solution at different temperatures.
You:cansrecognize the familiar hexagonal 1eaflgts

of cadmium hydroxide. And their size increases up to 75°C.

approaéhing the boiling point, we have found that we
precipitated a very small crystal size of a similar shape.
And when the experiment was carried out ‘using a porous nickgl
plaque instead.of a planar nickei electrode, we did indeed

find increased loading.

I would like to sumnup-the~results of the initial

work by showing you the next slide which'is kind of hard to

take. But if you look at it for a while, it starts to make a

little sense.
(SIidec )

In this case we used a plague 28 mils thick and

However, at higher temperatures, and especially at tenperatures
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about 75 percent porous.‘ And the conditions were such that
the“current and time gave us a one ampere hou: charge level
in each case.

And I have plotted the capacity of the electrode
in ampete hours per cubic inch after the plaque had keen
impregnated and formed. This represenﬁs the weight géin of
the plaque material. And we looked at a éurrent deneity of
.25 to one amp per square inch and a solution conéentration‘
of .5 to 4 molar cadmium hitrate.

The purpose of thislélide.is onlyhto-show you
that the rangé of conditions is not that sensiﬁivé tc
current and solution concentration. The best results were
obtained at a solution conceptratibn of from two to four
mola; cadmium nitrate at a current density of a half to one
amp per square inch. |

This represents the upperAélateau of the diagranm,
this region ﬁere. Plaqueg p;epared undei thése éonditions
were nearly iaentical in loading. ‘Since tﬁis process is
pH dependent, one of the conditions you would like to achieve
is to insure that thé pH of the solution dﬁring imp;egnation
remains as COnétant as possible.

One of our initial difficulties was as impreg-
nation proceeded, the pH of the solution dropped, and ié
was difficult to determine £he aeffect at any one pH lavel. .

(Slide.)
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On the next slide we show that in the very
beginning here we have plot of solution pH versus the
congentration of sodium nitrite, but we've found with no

nitrite that the initial pH fell from a value of 2.75 down

to zero and in some cases less, depending on the impregnation.

time.

So we looked for an additive which was compatible
with the chemistry of the solution and yet did not induce
impurities into the active material. In this case you'can
use either sodium or potassium nitrite. And the nitr: tes
are_oxidized to nitrates at the anodes; And what I would
like to show bere is that as you increase the concentration
of sodium nitfite, the pH.of the solution tends to stabilize
until you get up to about .5 to .6 molétévin this case sodium
nitrite,

and we found that the'pH remained constant aﬁ
least under these conditions using a two molar solution of
cadmium nitraﬁe at a current of a half an amp per square
inch»forv45 minutésf

Also as a side‘effect which we didn;t discourage
was a slight increase in capacity with increasing nitrite
concentration | |

Now I've singled out'some of the conditions which
appeared to give us optimum loading. And in this case I

have used a plague 76 percent porous and 27 to 29 mnmils thick.

i e S Tk AT R
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The plaquéS-were cleéned-initially in a dry
hydrogen atmosphéfé»prior to impreghation.

(Slide.)

And on the next slide it shows the results.we can
attain.using a two-molar solution of cadmium nitrate and in
this caée 3/10th molar sodium nitrite at the boiling point
of the solution.which in this case is around 104°C.

We have plotted the theoretical electrode capacity
versus impregnation time, And at a current of a half an |
amp per square inch we can attain.a loading of 2,1 gramsAof
active materiél for cc of void, which repreéents a loading
density of approximatély 9.7 ampere hours per cubic inch.

The theoretical electrode capacity wés based»on
an electron, a two-electron,transfer.35Aftertthg1plaques;had
been impregnated they were wéshéd and driedland thenjcycled
and then brushed and washed and dried again. So we've
tried to eliminate a material that did deposit on the surface.

When the same techniques were applied to thre
preparation of thepositive electrode, similar results were
obtained. In this case the calculation of.thedretical
c;pacity based on weight gain was a'one—eleétron transfer
in the charge and dischérge of the positive active,ﬁatefial,
as shoﬁn on the next slide. | |

v-(SIide,)

I have shown a similar plot of theoretical electrode
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capacity versus impregnation time. Here again using a two-
molar solution of nickel nitrate at a current of a half

an amp per square inch.

you obtain a loading of 2.1 grams of positive active material
per cc of void volume which is equivalent to a loading density
of approximately 8.5 ampere hours per cubic inéh.
I might add that if the plates are washed and
dried they can be given an initial or a subsequent impregnation
cycle.r And on the few plaques that we have done this to -
‘we have achleved a loading as high as 11.to 12 ampere
hdurs per cubic inch.
However, the initial objective was to obtain a
respectable loading with just one impregnation cycle.
| | I would like to show now a series of scanning
-electron photomicrographs in an attempt ;o demonstrate the
salient charaéteristics of the active material.. Nonnélly
two pigtues will be sﬁown on eaéh slide, one of a commercial
electrode prepared by an immersion techniqué and the other
prepared by cathodic deposition, all except on the next slide
which just shows you the porous nickel substrate which was
used for this study.
«(Slide.)

On the left at a magnification of 500 "X" we

Q&haw you the open structure of the sintered nickel plaque.

|

The maximum loading I've shown here.:-:'After 75.minutes

i
1
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"And this point here is at larger magnifications up to 2000 "X".

18

magnification. The area was selected here. And it shows
you the bonding between tha particles in the open structure
of the substrate which you would like to retain after loading.

(Slide.)

Now the next slide was taken at 500"X" magnificatidn§
ofitwo cadmium hydroxide electrodés. The commercial electrode |
is én the left and‘it does not show the open structure of the
sintered nickel plaque whereas the electrode prepared by
high temperature impregnation retains the openness in the
pore size of the substrate.

'In this case this is not one big crystal of
cadmium hydroxide, but it is made up of many, many minute

crystals and is deposited uniformly Qvér the exposed nickel

‘Il surface.,

In order to show a little more detail in this we had

to go to a higher mégnification as shown on the next 3lide.
| (Slide.) |

In this case we went up to 2000 "X" showinyg the
contrast. And I might add that the loading of these two
plagues is similar, but the contrast is is'in with the
difference in size of the cadmium hydroxide crystals.
In this case you can see the many small crystals depbsited
uniformly throughout the plaque. And we have still beeﬁ

able to maintain the open structure of the substrate.

AP AP T ST S O T, AT AR
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This electrode gives us maximum utilization of
thé negative active méterial and also rapid dxygen recombin-
ation.

(Slide.)

Oon the next slide we show two positive electrodes.
Here again the electrode on the left was prepared by immersion
techniques, and the one on the right by high-temperature

impregnation methods.

And the thing to watch for again is the open structury

of the substpate which we'ye'been able to maintain and still
achieve a high loading; The active material is deposited
uniformly on the exposed nickel surfaces where in this case
most of the vold of the plagque has been sealed by the active
material, |

Now in order to get more detail in the stiructure
we had to go up'to 10,000 X" magnification. And as shown
on the next slide, you can see the difference betwéen
the two electrodes.

(Slide.) -

Here the positive active material gives.you a
flat low surface area of maﬁerial in contrast to the -- it is
very had to descripe, but I must say that it has a high
surface area. And}this seems to enhance the cycling

efficiency of the active material. And the electrcdes pre-

pared by the latter technigue do give a very high percentage
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of utilization and very high energy densities can be
achieved., These electrodes that I've shown here have been
cycles in 30 percent KOH until their capacity was stabilized.
Electrodes produced in this manner pe;form as
well if not better than electrodes prepared by other techniques.
And. repetitive cyclingwatthigh rates in 30 percent KOE does
not appear to be detrimental #o the structural stability of
the active material.
In addition, the electrodes exhibit a high percent
utilization of.active'material cycled in both the flocded and
the seaied stéte. |

Now I would like to show you some electrical perfor-

vimance data on cells made with these electredes and show by

way.of comparison the results of other electiodes prepared
by the immersion technique.

(Slide.)

Here.we show the electrode capacity milliampere
hours versus cfcle number for two negatiﬁe electrodes. The
theoretical éapacity,of ourlélectrode was 528 milliampere
hours. And after forty cyéles the percent utilization
achieved was 76 peréent. The éommercial electrode had an
iniﬁial theoretical capacity of 518 milliampere hours and

when cycled showed a gradual deterioration in the measured

‘capacity until after 40 cycles we reached 46 percent utili-

zation.
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These. electrodes were charged at the C/2 rate
for four hours and discharged at the same rate to below one -
volt. For those of you who are concerned about the money,

I suppose one advantage ié that you can use 35 perxcent less
cadmium to achieve the same balance of negative to’positive
ratio in a nickel cadmium cell, if you maintain the high
bercent utilization of thé negatiQe active material.

| {slide.)

Shown in the next slide are results taken from
positive eleptrodés. Here again;we've plétted the electrode
capacity milliampere‘héﬁrs per square.inch versus th2 charge
current, .The charge level in all cases was 200 percent.

The electrodes were discharged at the C/5 rate. The electrode
prépared by high temperature impregnation shows a very good
capacity and based on the measurement of theoretical electrode
capacity you can achieve 100 perceént at the C/5 réte'énd | |
120 to 130 percent at'higher rates.

The commercial electrode in this case always
produces less than its theoretical capacity.over thé range
from C/20 to the C rate.

These factors contribute to the design of cells
with high energy density and rapid charge capability. For
example, the data can be interpreted tovéhow'that for the
same amountvof.active.material 20 to 30 percent more cépacity '

can be obtained from a cell of equal size and weight.
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] (Slide.)

2 On the next slide we‘have taken one of our electrodes

3 and cycled it continually. And we show a plot of capacity

4 milliampere hours versus cycle number. We;ve charged the

5 electrode tat the 2C rate for one hour and discharged it at

6 the C rate to one volt and a teﬁperature of 110°F. We

7 show that the capacity gradually increases with cycling and

8 theh‘leveié off. |

9 This electrode has now gone over =-- I think we

10 are up to 400 or 500 deep discharges.with no degraaation in
N capacity. The fact that the electrodes give better than 100
12 pefcent ofltheir theorgﬁical capacity based on é one-¢ lectron
‘13 transfer is not easily explainéd.

14 However; the results from subSequent tests do

15] show that a loss ih plaque weight of less than 2 percent is
16l observed after the activé material is femoved-ﬁvSo we have

17 very little effect of co:rosion.
18 However,‘data exists which suggests that the for-
19 I mation of high~-valent nickel oxides may occur when the

20| electrodes are charged at high rates. This would account

21| for a multiple rather than a single electron transfer. And
22| it would thus make our calculations of theoretical capacity
23 lincorrect.

24 Sealéd cellé made with our own electrodes have

leporiers, Inc. :

25?performed wall under a variety of use modes. And I wouald like
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show you some results obtained from a miniaturekhefmetically
sealed nickel cadmium cell designed for Bell System aépli-
cation.
(Slidé.)
The cell has a theoretical energy density of

one watt hour per cubic inch and is capable of being rapid '

. charged.

Here we have a plot of the measured capacity to
one volt versus the charge current in milliamps. Hele we've
used a ¢harge levé; of 120 percent and a discharge raté
of C/5. The ﬁapacity of the cell is shown Ey the solid
line here. The theoretical cépacity by the dashed line. B2nd
here we show the effect of pressure a£ the end of charge
under cycles varyiﬁg from C/20 up to the 2C rate; Tris cell
éan be continuaily charged ;t the c/5 rate without exceeding
aﬁﬁoséheric.pressure.

Howéver; if the cell is made with other okjectives
in mind,-~.we:have:made similar cells using a diffefent
separator,and:maybe a little less electrolyte. Ahd a 
céli of this sﬁft can and has been éycied at the 2C rate
for four or f;ve hours withoﬁt exceediﬁg aﬁﬁospheric pressure
and will yield 100 percent of itSStheoreticai capacity.

(Slide.i_ -

A cell ofAsimilar design was put on continuous"

cycling. And we've shown the capacity, milliaxpere hours
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summary some of the advantages of the high temperatq:? impreg-

L4

versus cycle_numbef. In this case we've charged at the
C/10 rate for 14 hours and discharged at the C/4 rate at’
75°: |

 This cell haé undexrgone 250 cycles showing no
loss in capacity. I don't want to suggest thatithe use of
electrodes prepared by this technique is solely responsible
for the cell.performance characteristics shown in the last
two slides. On the contrary, I think the behavior'
exhibitéd by these cells must be attributed to the careful
control of numerous design parameters only onerof which is
based on the electrode structure. And since thisiis:the
topic of a futufe publicatioﬁ, I wiii not go into any detail
here. |

(slide.) |
And then the last slide just shows in the ‘way of \

nation process. And number one and very important in terms

of economy is an order of mégnitude shorter impreqhation

time and too I think we've shown by the scanning phoppmicfo— /

graphs that we have an improved distribution of activa species

at a'very respectable loading. . N A
And,three, we have been abie‘to achieve 3d.to‘

70_percent'greater utilizatién of the active material in

the sealed state. And,four, the process we feel is amenable

to continuous automatic processing. Essentially, it is an

electro~plating process in which you can control very accuratel

Y




CAPACITY mA-HRS

800
CYCLE DATA-FLOODED POSITIVE ELECTRODE
700 |-
600 b
500 |-
400 - - il T -
T T Y e e THEORETICAL ~— =~ —— e
300 £
5 CHARGE 2C FOR IHR
200 - DISCHARGE C TO 1.0V
i TEMPERATURE HO°F
100 -
o Il | 1 | ! | 1 | L ] ! | 1 | 2
) 40 80 120 160 200 240 280 320
CYCLE NUMBER
200 S —
- 4
180 } CYCLE DATA- SEALED Ni-Cd CELL ;
16C | ]
» [ p
140} :
Si20t 4
)__!oc = e THEORETICAL= —— — — e — e ]
— L 4
< - 4
& 80 - -4
<T
“ 60} CHARGE C/I0 FOR 14 HRS 1
i DISCHARGE C/4 TO 1OV 1
40t TEMPERATURE 75°F ]
20 b .
O i A L A 1 L 1 1, N A A A L i A
o a0 80 - 120 60 200 240 280 320

CYCLE NUMBER

2100 , 10

= SEALED Ni-Cd CELL FOR BELL SYSTEM APPLICATION

E-

-

g 8of 80

2 CAPACITY o : o 7

o - w

v = = = — THEORETICAL— — — {60k

- o

5 PRESSURE Q

g &

g 40t 440
-

o . >

w CHARGE LEVEL  120% 2
AN

Z’ 20 b DISCHARGE RATE C/5 {20

wl

=

c/5  C/2 c 2¢C
0 1 1 i | 1 i | | fo)
o 20 40 60 80 100 120 140

ADVANTAGES OF BTL IMPREGNATION PROCESSES

CHARGE CURRENT,m A

ORDER OF MAGNITUDE SHORTER IMPREGNATION
TIME .

IMPROVED DISTRIBUTION OF ACTIVE SPECIES

3. 30-70% GREATER UTILIZATION OF ACTIVE

MATERIAL IN SEALED STATE

AMENABLE TO CONTINUOUS AUTOMATIC
PROCESSING



the current and the time dfiimpregnation;xiAnd%iﬁbelﬂeve,the
method could be automateq to giyg yoﬁ the uniformity, the
reproducibility that fou might be looking for. '™ ™Y !
| _Thank yoﬁ. | |
(Appﬁausé.)

'HALPERT: Dick says he will be very happy to answer
anylduestiéns you have‘with regard to this particular pre-
sentation. |

Dr. Fleischer.

10 FLEISCHER: One of our early experiences with

I} vacuum impregnation was that different batches of nickel

12 powder gave different results. Have you checked.the uni-.
formity of the various batches of powder that:you might be
getting from time to time?

15/ BEAUCHAMP: As far as it would affect:the loading

16jlof a plaque?

\7 ~~* FLEISCHER: Exactly.
18 C BEAUCHAMP Yes, we've been maybe somewhat more
19l 1imited. We've worked with Inco. powders 287 and 255. We

20}have .also for purposes of comparison taken commercial

21 electrodes,,dissolvéd out the active material, reimpregnated
22 lthem by tﬁis method and have been ablé to achieve the

23| loadings that I've shown you here. However,'I must agree

24 with you that I think the uniformity of a plaque is probably

al Reporters, lnc.
25 dependent more upon the center characteristics than it is on
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the impregnation method pef se, You have to start with-a
uniform product or a'unifﬁrm substrate if you expect to achieve
a uniform loading independent of the method of impregnation.

HALPERT: Yes.

KANTNER: Ed Kantner of Gulton Industriéso

i migh' make one comment in answer to Dr. Fleischer's
qgestion. Wé have looked into this problem of nickal powder,
thatAis{ batched nickel powder to see how it affects some
of thé characteristics thét we ndrma;ly talk about. -

And our results indicated that the variations
with batch number of lot number is completely random; Sor
there is no trend there.

FORD: Ford, NASA-Goddard.

You showed photomicrographs of the critical
sﬁructure. AI assume it was on new plates, uncycled plates‘
or rigbt after impregnatioﬁ?

Have you looked at the change in structure over
a period of_240 or so cyqles?

BEAUCHAMP: I am sorry if I didn't mention this.

The'scanning'photomicrographs were taken on electrodes
that:were cycled to a constant capacity.

Now we have taken pictures of electrodes prepared

after impregnation with no cycling and also the ones I've

\

—~—,
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-shown you on electrodes that were cycled to a constant

2 capacity. And they looked so similar that it was an equal

3| choice as to which ones to show.

4 COHN: Cohn, NASA. ‘

Sh I have two gquestions. Could you give us the

6|l energy density in watt hours per pound? And could you tell
7| us whether you found any difference in cadmium fading for

8 your electrodes versus the commercial ones, so-called nega-
91 tive fading.

10 BEAUCHAMP: The second question first. The only

11| material I have with me now is a slide that shows the

12» difference in fading éfter only 40 cycles between our

13| electrode and a commercial negative electrode.

14| Watt hours per pound. This is always a prcblem
15| with uﬁitsvto talk about. I can't really draw those cff the

16| top of my head here.

17( - Dean, do you have any ideas?

18 | VOiCE: We could calculate it for you.and call
19§ you.

20£ (Laughter.)

21‘ BEAUCHAMP If I try to do it up here, I'll make

|
I

22‘ a mistake. But I think the loadings that we've been able to
|

23| achieve grg comparable to those that you would find in a

24| normal commerci.al product. Be it good or bad, I'm not saying.

sportets, Inc.

25| I just would want it to show that you can stop at any loading
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that you desire with this process.

GROSS: Gross, Boeing.

The resistance due to diffusion that you lcwer by
having an open structure would certainly appear to be very
important. And this is one parameter of plates which is
seldom reported and which I would like to see reported and
prébably'wouid turn out to be an iﬁpbrtant factor in allowing
the high performance. Have you made any measurements Of
this?

BEAUCHAMP: Probably iﬁdirectly fhrough measure-
ments of the porosity of the plaque both before and after
cycling and}both fhe flqoded and the sealed state. I guess
we have fairly definite ideas on this.that we probably will
get into later in this meeting. But we feel it is important
to maintain the open structure of both plates on the positive
for better utilization and on the negative for better re-
combination.

I think it is important to talk about grams per
cc of void as well as ampére hours per cubic inch. I think
they can both tell you a different story. And I think you
have to specify both. .

KUGLER: Rugler, BESB.

I was wardering if you have noticed any difference
in the swelling of your platés versus commercial plates

on a highly loaded positive?
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BEAUCHAMP: On the positive electrode we do notice,

2 as w; do with plaqgues prépared by both techniques, a slight

3 increase iﬁ thickness afﬁer formation.

4 The plaques that.are loaded to very high levels of
5 energy density I believe have to be made somewhat stronggr
6|lthan plaques that are more lightly locaded. But if the sub-
?Ugtrate@iSﬁéf sufficient strength -- and I'm talking about a
-8

él;que which is still 75 percent porous -- it can be 'cyc1ed
repeﬁitively at high rates, C/2, éontihually without sho@ingv
10 any deterioration in capacity or in the plagque structure per
1se.

12 ‘But it is something that you have to watch. The
13 strength of the plagque will, under these conditions, reflect
14\ ithe qapacity deterioration.

15 SULDKES:: Sulkes, U.S. Army Electronics Command.

16 Do you foresee any problem with scaling with this
17 type of process, maintaining a uniform temperature and
18llconcentration in the solution, effects on the plates, uniform
19 lcurrent density distribution and so on?

20 ' BEAUCHAMP: Well, I can take the easy way out of
21 that one I suppose and say thaﬁ so far that has not been our
22 {problem. Evérything I've shown ﬁere has been done on &

23 |laboratory bench.

24 I would hope that the process could be scaled up.

ieportess, Inc,
25/and I can't help but envision it as being similar to scaling
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up any electroplating process with some difficult, such as
temperature., I Qéuld think the solution concentration,

any additive such as a nitrite in the pH of the solution should
be monitored on some sort of a circulating bath, which is
something that is already done in the plating field.

So I may be a little dptimistic at this point,
but . I tﬁink it éan be done and I think it can result in very
uniform plaques.

STEINHAUER: Steinhauer, Hughes.,

The question éf uniform nickel powder has been
raised, but what effect do you feel the thermal exposure
during the sintering process has on the uniformity of
plaque énd the ability of the process to work?

. BEAUCHAMP: Afe you referring to the operation I
used jusﬁ_prior to impregnation? The cleaning of the --

STEINHAUER: No, primarily during the metallurgical
sintering, whether you use a dry p;ocess or a slurry
process.

In other.words, you can have uniform nickel
powder, but when you sinter in a furnace you can either do
this in steps of different temperatures and times or you can
do it in one shot. What effect do you feel that has on main-
taining an open pore structure and uniform étructure? |

BEAUCHAMP That's a loaded question.

I think it is important -- I haven't looked into
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this too much myself. A lot of this work had been done
before I came to the labs. we have more or less settled
on one set of conditions for the preparation of plaques.
However, I think that the uniformity of the nickel
powder and the subsequent sintering operations are impor-
tant. At this boint I would say fhey are probably important
as to the maintenance of ample strength of the suﬁstrate,
especially on plaques which are more .heavily loaded.
We use no classification of our'nickel powders.
But we do use‘clean room facilities which wé can do on a very
small scale. Our plagques are so big by so big; 30 I'm not

;

talking about a commercial process. \
We do catalog the screen plaque weight on every
plaque we make, so we do have a history to go back to. But

here again, it is only on a small scale operation. And maybe

conditions that other people could.

However, as far as the impregnation process is

plaqué material, in fact even material in wﬁich we've
dissolved off the active material and reimpregnate it as
either nickel or cadmium.

Now this is not the most desirable substrate, but
it just demonstrates that the process can be done somewhat

independent of the substrate.

we haven't been able to see the effect of variation in sintering

concerned, like I said, I've been able to impregnate commer¢ial
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SCOTT: Scott, TRW.

Have you explored the upper limits of loading with
respect to the stability.of capacity, you know, as a
function of cycle life? How high can you go and still get
the type of stability that you showed on your slides?

BEAUCHAMP: I guess I have definité ideas or that.
They may not agree with anybody else's. And I am not
sure I am‘freetto comment on that. Deane may get into this
later.

But we do like to see our negative électrodes
loaded to a specific value. And we feel this is very
important. And the positive electrode is also sensitive to
loading.

However, if I say something definite, I'm surxe
I'll turn around tomprrow and somebody wili show just the
opposite. In'the nickgl cadmium field it seems as though you
can #un the same experiment to show many different things.

And I always have felt, however, that loading is
important.. It is important to specify both the loadingy and
the energy density. And I always contend this is true.

‘PARRY: Parry, Tycb‘Labs.

We have taken a brief look at the high tempzarature
electrochemical process and we have gucceeded in reproducing
a lot of the results that D;ck has‘talked about this morniné.

But I thought a few gualitative comments on our experience
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might be of use to other people.

First of all, it is a process that is very much
more sensitive to the exact conditions of precipitation.

We found that we got some very unattractive appearances OR
some occasions. We had electrons with dark spots in the
middle or halos around them. . We've had very heavy deposits
around the edges and almost nothing in the middle. Znd

the pfoéess is very dependent on the exact conditions that
ybu use.

Also some of the»colo;s that you see are quite
different from the normal inpregnation process. Tﬁe negative
electrode where we reproduce the high loading and hicgh
utilization are uniformly black in color as opposed to the
normal grayish color of the negative.

With the positive, even when the electrode is
ﬁnifovmly spaced between two counter electrodes, we have
seen a plate that is green on one side and black on the
6ther. So it can be quite an interesting thing to lock at.

One other interesting point that we found with the
negative electrode, despite the fact that you have relatively
large cathbdic.currents, we've seen very little metallic
cadmium in the plates after theAimpregnation process, It is
_99 percent cadmium hydroxide.and one percent cadmium, which is
somewhat surprising.

HALPERT: Thank you, Dick, for an enlightening
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I think at this point we will break for coffee.

We will reconvene in about ten minutes.

(Recess.) |

HALPERT: To start off this session Dean Mavrer
from Bell Labs wanted to make some comments with regard
to scaling up of the process that Dick Beauchamp talked about.

MAURER: I just wanted to comment that we are
working ‘with a number of the West ern Electric licensees. As
you know, Bell Laboratories is part of the Bell System. And we
are working with the Western licensees on batteries to develop
some scale-ups for this process.

And, of course, we are amenable to working with
NASA or other government agencies to do the same thing.
So the scale-up process is in process.

puem: oy, ghamkyer: T N7 1--0 8661

S At this point we will go to our next speaker for
this morning, Dr. John Parry of Tyco Laboratories has been
doing quite a bit of work with regard to the processing of
nickel plaques and nickel and cadmium plates for aerospace
cells and looking at the processes and the factors aifecting
the production of these plaques and plates.

I present to you Dr, Parry.

PARRY: In giving Jerry a title for this talk

I included the words "gualiiy control” in the title so
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that I could sort of slip in under the wires to talk about
the work we have been doing for NASA-Goddard at Tyco.

In actual fact, I don't think I'm rigorously
talking about quality control but rather the charac;eri—
zation tests that we've been using at Tyco to identify the
degree of uniformity in the plaque and pate materials that
we have been preparing.

I think that the characterization tests I'm going
to talk about are relevant to qualiﬁy control and almost

certainly to post mortem analyses of failed cells.

We have looked at the whole nickel cadmium battery

e s 1 e R o

e o o
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plate manufacturing process from the powder to the finished
plates. We havéilooked at tests for identifying uniformity
of powders, looking at the physical properties of the
plagque and also the characteristics of plates.

Now when I set out to wrife this‘talk I thought
thgt I would just skip over the work we did with powders
and plaques, because this work has appeared in print in

) paper
reports,TH$/deal mainly with the work that we've done on
plates more recently that hasn't yet been disseminateai But
it is obvious from the discussion earlier this morning that
there is stili quite a lot of interest in the influence of
plaque properties on the final plate.

So maybe in discussion we can get into some of
these aspects. I was just going to skip through what we
did with powders aﬁd plaques.

First of all, with powders we measured bulk
density, surface area, particle size disﬁribution by sedi-
mentation and grain size by X-ray diffraction. We thought
these were the factors that were most likely .
to be influential in the sintering process.

ﬁow you get some ihteresting correlations between
these physical properties, but I think as far as quality

control is concerned or identification of the qualities

of powder, you can do this all with bulk density. You can

"get all the answers you want by measurenment of bulk density.
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With piaque we neasuared ﬁorosity, reéistivity;
surface area and mechanical strength.

(slide.)

These are measurements that we made with loose
sintered powders without a supporﬁ screen. SO we don't hava
ahy of the complicated features éf having something running
through the middle of the porous mass.

| I just want to run through these quickly. You
get a reasonable éorrelation between resisfivity measured
by a full point method to avoid contact resistance and ’
por@sity.i
| (Slide.)

Again, the reason fpr correlation betweén
mechanical strength of the plagque and the surface area.

(Slide.) |

"§nd-between mechanical stfength and resiscivity.

So amongst the measurements that we made they
all seemed to be looking at the same thing, with the
exception.of the surface area. This is not too surprising.
and I think it is understandable even in tﬁe case of the
surface area.

Whét you're looking at is the neck growth

between the particles of nickel powder. The morxe neck

‘growth you get the greater the mechanical strength of the

plaque, the lower the resistivity and also the lower the
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surface area.

Porosity is I think a little more of a casual
relationship. It is not as difect as the other three.. But
it comes down to the fact that if ybﬁ want tp assess the
guality of a plague or its uniformity, you can do it with
any one of these measurements that I've listed. So I think
the approachvthat should be takeﬁ is to use the one that is
most convenient.

Porosity I say is ~- first of all, it is not very
sensitive. When you're talking about half percent changes
in something that isIBO percent porous, you are really

talking about quite a significant change in terms of the amount|

-0of solid material that you've got.

So I don't particularly like porosity as a

measurement. Resistivity is fine when you're dealing with

- the loose sintered plaques without the support structure

that we areulbokiné at here. But as soon as you put a
support screen in the .structure, the'sensitivity goes down
quite a bit.

Surface area is fine, but it is a tedious measure-
ment to do and there is a fair amount of calculating after-
wards. So really it is not a convenient approach. I want
to come to the one I want to plug, which is mechanical strength
And we have developed a four-point bend test which is very

easy to carry out and I think gives sensible information -
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in terms of defining the quélity of m plaque.
(Slide.) |
This is the set-up you use. This is set-up in an
Instron testing machine or an equivalent. You can.
ao’it with a very much Cheaper set-up than the equipment
in which we did the measurements.

Essentially you have four pole: pieces. The
sample goes between them and the pole pieces as you see there
the iﬂner ones are at the guarter points of the distance of
the lower two. | |

And as the top is driven d;wnwards, the plaque

begins to bend and eventually you get failure -- this goes

into near pure bending in this four-point method as opposed

to a three-point test which tends to end up as a triangle.
,Thié goes into pﬁre bending, and you actually see
failure in the éenter at this point.

Now the advantége of the mechaniéal strength
measurement is that it is independeﬁt bf having a suapport
structure in the middle of the'pléque. Most of the strain
is taken in the sufface layers of the center, so thz measure-
ment you get is essentially a measure of the coherence
between the nickel particles that you've sintered to form
the plaque.

So it is a sensible measurements for a typical

‘nickel cadmium battery plaque that is made with a support
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structure and is one that can be carried out very rapidly

- and routinely.

I think it has been used by other people reasonably
successfully. Perhaps *“here can be some ccmment on that
afterwards.

Just one other word in passing, I am very unhappy

about any attempt to measure pore size distribution by

measufiﬂg pore symmetry. I am not going to go into detaii.
Again.this is inrprint. But if anybody wants to question
me afterwards, I can give the details.

The main thing I wanted»to talk about was the
work wéfve done on characterization of plates, in otﬁer
words, chemical analysis of the active materials of nickel
cadmium battery plates. |

The techniques we've been using are probably
pretty elaborate for qualiﬁy assurance purposesg, but we

have set out to make comparisons between different methods

of impregnation and also varying conditions in these methods

~of impregnation.

. So we are looking for relatively small changes in
moxphology, distribution‘and so on. So we have gone I think
into somewhat more detail than might be necessary in the
routine process where the conditions are not changing ver§
much from day to day. |

There I think it is possible if all of the
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conditions are maintained, it is possible to get a reason-
able idea.of the quality of:a plate just by weight pick-up.
But ¥or what we wanted to do we wanted more information.
Essentially what we wanted to do was to define—/

utilization of the active materials. We wanted to see how
utilization changed with impregnation methods and hew it
cbanged as a function of the duty cycle of the plates in P
s
operation. d

| So what we were setting out to do was to measure
utilization. I don't think I need go into the baékground
of tha.impottance of, as far ad hermetically sealed cells
are éoncerned,,of maintaining positive to negative ratios
or accurately defining the balance of charge in the negati%e
plaﬁe at the time of starting.

| But chemical methods of analysis I think are
needed to be able to define these things preciseiy. This
also depends on the method you use for impregnation,
particularly»with the negative. If you are going to end up,
as you can with say the Fleischer process of impregnation,
with a mixture of cadmium hydroxide, there is no way in which
you can translate the &eight gain into a simple indication
of how much active material you have there.
If you have a mixture of cadmium and cadimiun

hydroxide, there's no figure you can use to convert this to

a theoretical capacity. So there is a very definite need I
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for methods of chemical analysis.

Now with the negative.plate this is not I don't

3| think a particularly difficult problem. The componeni:s that
4 you have in the negative plate, cadmium metal, cadmiun

5 hydroxide and nickel, fThe p;oblems are -- well, first of all,
6 you don't know the relative amounts of cadmium to cadnium

7 hydgpxide in sohe of the impregnaﬁion methods.in the green
%, : W8: plaﬁé. And»particulérly'on;cleing you don't know how much
7| of the material is actually being charged and discharged.

10 So what we need to do is to define for the par~
1| ticular plate‘how much of each component we;ve got there.

12|/ We are also interested to some extent in how much corrosion
13 of the nickel plague occurs during both the impregnation

14! process and the cycling. Although this applies more {.0 the
15| positive than to the negative.

16 As far as negative plate analysis is concerned,

17| you can selectively extract cadmium hydroxide in the presence
18/ of cadmium metal by complexation ammoniacal _ ammondium
19| chloride. This is commonly called the muspratt solution.

20 Two hours would normally extract the cadmium
" 21| hydroxide to no further weight loss in our éxperience

22|} for a typical plate. One can then take the solution containing
23| the cadmium in the complex form and analyze for the total
“.24| cadmium by compleximetric titration with EDTA using

pmter;, inc.
‘ 25} eriochrome black T as the indicator.
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Then with the remaining plates which now contain
metallic cadmium and nickellyou can dissolve up the whole
thing in nitric acid, evaporate to get rid of the agcess
acid after dissolution, adjust the pH~10, and analyze again
for cadmium. hydroxide.

It is possible to do cadmium in the presence of
nickel again by compleximetric titration. First form the
cyanides and then break the cadﬁium complexes with for-
maldehfde and titrate as before with EDTA. You can then
carry out a second determination for the amount of nickel.

kSlide.)

These are some of the results, just typical
results to indicate what can be 6btained in analysis of
negative plates. Essentially what I've done here is to
check on the method. And thése plates were prepared by
impregnation by the Fleischer process without nitric acid
in the cadmium nitrate. So‘there is little or no corrosion
of the substrate during the impregnation process.

Essentially what we've done here is to taxe the
plate weight initially, determine the amount of cadmium
hydroxide, thenrdetermine the cadmium content, add these
two together and subtract it from the first one to g=t
a figureée for the plaque weight. We have then éomparad this
with the weight of the plague per unit area prior to the

impregnation process.
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And I think the agreement is quite reasonakle.

These figures-seem to be just a little bit higher in every

there is pretty good agreement betwegn the plaque weight
determined by subtracting out the weight of the active material
from the plate wé ght per unit area with the weight rer
un;t area of thebplaque as we started.

I did sbme further calculations on this just to
give ug some idea of what you can get out of a chemical
analysis that you can't get from just weight increase. If
you will look, these are eséentiélly in pairs. They repre-~
sent attempts to put different amounts of material into the
plaque.

The weight.gain here is not too uniform. There
is quite an improvement when you look at the total weight
of active material. I don't know if we can mix these.

Could I have the piece of papér that I have some figqures
»scratched on?

| (slide.)

This ie’column four from the previous slide. As

I said, the weight pick-up wasn't particularly uniform. But
if you look at this in terms of the weight of active
material, there is reasonable agreement; But if you look
at it in terms of the total cadmium, in other words, you

convert the amount of cadmium hydroxide to cadmium and add

S
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the two together, you see that there is an even further im-
provement. It is closer than one ﬁercent. So weight gain
can be misleading in terms of distribution and uniformity
of act?ve material.

If you do carry out the chemical analysis you can
see that you get a‘much clearer picture of whether ycu've
gbt a uniform distribution or noé; I think in this case
it turns out that the weight gain is misleading in tlrat the
two weiéht gain figures actually agfee. But if-you compare
the amount of cadmium that you have distributed in thé plate,
the agreement is not all that good.

So I think as far as the negative electrode is
concerned, the process is reasonably straightforward.

And I don't think I need spend any ﬁore time on it.

With the positive plates we have a very much
Imore diffiéult problem. Essentially now you have nickel
in three different valence states. You've got the plaque.
You'haye the‘dischargé material. And you have the clarge
material. You have the added complication that both the
discharged and the charged states after cycling exhikit
nonintegral stoigpiometry. .

I think what I want to do is put my presentation
in the direction I want to do at this stage. And I think

the real problem that we are faced with here as far as any

26
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chemical analysis £& .concerned in identifying these three

separate components is one‘of the value of the rest potential

of the positive electrode.

With the negative eléctrode which is sitting pre£ty
élose to the hydrogea potential you never have
any risk of -- or yéu have very littlé'risk of‘corrosion of

the nickel substraté.

But with the positive electrode sitting at more

"than é volt positive to hydrogen potential, the only thing

that's preventing severe corrosion of the nickel substrate

is the fact that it has a passive film. Now the passive

film happens to be bivalent nickel and quite similar to the
discharged sﬁate of the positive-active material. It differs
only in its degree of hydration in effect.

So that any attemét'you mage to dissolve .up the
active material inbthe positive plate is simultaneously
going to dissolve the paséive,film on the‘nickel. and as
sooﬁAas the nickel metal is exposed you are going to get
corrosion.

This is going to need an associated cathodic

procéss. And this aspect is going to come up in some of the

"discussions that I'm going to present to you. But in

most cases you have dissolved oxygen in the solutions you're
dealing with. And this is all too readily reduced. And

you get significant corrosion rates er asignificant amounts
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of corrédsion of the nickel substrate.

To give an idea of what can happen, the riext
siide, please. |

(Slide.)

These are some tésts we did on physical mixtures
of nickel hydroxidé and carbonyl nickel péwders. Now these
are not plates. This is just a physical mixture of nickel
hydroxide and carbonyl hickel powder,

- The nickel hydfoxide was prepared by precipitation
from the nitréte énd was dried.;t quite a high temperature
to make sure it had no water in it. We did X-ray diffraction
measurements on it to determine the fact that there is no
water content in the nickel hydroxide.

So starting with 50 percent mixtures of the nickel
hydroxide and nickel powder exposed to the Muspratt solution.,
also in contact with air, you £ind that you get'on_calculatiOn
from the weight loss an agpareng nickel hydroxide content -
10 percent higher than the mixture you gtarted with. And
this is fairly conéistent through the measurements that we
carried out.

We also lboked at the straight nickel powcers,

We looked at the 287 and the 255 under the same condi tions,
We saw 14 percent weight loss for the 287'powder, andé an 18.4
parcent weight loss for the 255.

The bigger figure there probably reflects the
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difference in sgrface'area between these two méterials. Andi
the fact that we see a 14 percent.weiqht loss there for a
difference say qf 10 percent in the othexr ones.probezbly
means that there's some protection of the surface to some
exten£ by the finely divided nickel hydroxide.-

| This, of course, would correspond to the conditions
that you get in a positive platé where_the nickel substrate
i§ to a large extent protected by ﬁhe deposit of active
materiéi. But I don't think in any énalytical method you
céﬁ rely oﬁ this'ﬁo protect the nickel Substrate. Particularly
towards the end of an extraption process when you've removed
most of the active material, you're going to'have a lot of
the nickel substrate exposed.

If you compare this with the amount of nickel

oxide yournormally have on the carbonyl nickel powders,

we did reduce one of these in hydrogen at 600 Centigrade.

And we got what I think was a felatively high weight loss

of 1.3 berceﬁt.

So you've got a potential problem -~ that's a
good choice of words =-- potential‘problém related to the
rest potential of the positive electrode. .You've got: a
problem in trying to carry out an analysis of positive
plates, because of the tendency of the substrate to corrode
and confuse the figures that come out.

I might add that we did try quickly under these
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conditions adding hydrézine to the solution and seeing the
effect of having a reducing agent present in the extreaction

solution. And we saw no difference under these circunstances.

described at the'mower Sources Conference where the extraction
is carried out in acetic acid with air rigorously excluded
from the gystem that it would be possible to carry out an
anaiysis without.cérrosion of the substrate.

| "~ We had gone in another direction prior to learning
abouﬁ that method. i would like to describe this approach.
It is a typicgl electrochemist's approach in that if the
rest potential is not what you want}it to be you can tint
you study to a point where it wili Séhave. 'So we took these
pésitive plates and set them up inrthe extraction solution
at a low positive potential. It was just 25 millivolts positiv
to the hydrogen electrode. |

Prior to doing this we wanted toAtesf what potential

range we could work in where there wouldn't be nickel
dissolution under the éonditions that we were working, so
we took some of the Muspratt solution,_set up a nickel plaque
and did current voltage curves to find out what regions.
of 'poténtialwe could work in without getting dissolution of
the nickel. And we found quite a reasonable potential range
between zero on the hydrogen scale_andvsay plus 200 where

we could work quite g&gily.l

W
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1 We al§o checked that at these potentials you're
2}l not going to plate out nickel. Having extracted the positive
3| active material and gotten quite a high concentration of
4| nickel in the solution, are you at these potentials going to
5] plate out nickel? So we chegked with the égme extraction
6| solution with nickel added to make sure we wouldn't deposit
7| metallic nickel on the plaque.
8 | “Also I think it is pretty well documented in the
9| literature that at this potential you can't reduce nickel
10| hydroxide to‘metailic nickel. So what you observe, you
11} immerse the nickel plaque, strap the potential down to
- 12} plus 25 millivolts. The currents we observe are usually
13 less than a half a milliamp per square centimeter., I think ~
14|l this is due to residual oxygen maybe adsorbed on the active
15| material dr the fact that we can't get it completely out of
16|| solution without taking more precautions that we have been.
17 "~ We theﬁ have circumstances where we can let
18} plates sit in the extraction solution for as long as we want
19| to insure complete -extraction of the active material. And
20| this is I think one important aspect of the whole process
21} that you can let the plates sit in the extraction solution
22| as long as you need to make sure that you've got complete
23| extraction.
24 and as I stress, towards the end of the extraction

{ Reporters, inc.
251 process you are exposing more and more of the nickel substrate




49 1

0
10

1

A
~

14
15
16
17
18
19
20
21
22
23
24

Reporters, Inc.

25

51

and corrosion of the plaque is a lot more likeli.

The other thing that we do in carrying out the
analysis is that we don't rely just on weight loss of the
nickel plate in extraction. We've actually been determining
the nickel in solution with dimethyl glyoxime:

(Slide.)

These are some of the tfpical results -- well, no,
the§'re not typical. These aré selected results to demon-
strateoéne or two points. First of all, let's start with the
righthand colgmn as to what these plates aré,

Green plates are immediately after the impregnation
process without formation, without cycling. And if we make
a compariéon between analysis of a green plate with potential
control and without, in fact we see that there is not too
much of a difference between these two analyses.

For the green plate it appears that there is
enough protection of the substrate with the active material
to prevent téo much corrosion. This is the weight before
extraction. This is the weight of the plaque after extraction.
And we can compare this with the weight of the plaque pef
unit area prior to impregnation.

For these particular plates they were carried out
in the presence of nitric acid. There was some corroéion
of the substrate during the impregnation process. So the

difference in weight that you see between these two represents
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corrosion of the substrate that has occurred during impreg-
nation.

If you look at the weight loss on extraction.and
the nickel hydroxide by analysis, this comes out very nicely,
very good agreement. The difference in the weight loss can
be accounted for in terms of the different amount of water
in the active material. I don't think we were at this time
takinQ special precautions to make sure that all these plates
were dgied in identical conditions.

This stresses the importance of actually measuring
the nickel in solution rather than taking the weight loss as
a guide to the percentage of nickel in the active material.

In the case of 2A and 2B we are comparing &
cycled plate in the discharged state. I have to mention here,
of course; if you're going to use potential control, you
can’t do it for a piate in the charged state. Pulling
the potential down to plus 25 millivolts.discharges the
plate automatically.

We do this prior to the analysis in‘faqt, so this
is a cycled plate in the discharge state and a comparison with
the green plate. Now in this case the plates are prepared
without nitric acid in the impregnation solution.

and under these conditions one sees very little
corrosion of the substrate. So there was no corrosion during

impregnation. So the difference we see between this figure
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and this figure represents the amount of corrosion of the
substrate during the analysis.

In the case of 2A there was no potential control
during extraction. In the case of 2B we expefcised potential
control. We see the guite significant difference, something
like 6 or 7 percent between the weight per unit area of the
piague when the analysis is carriea out under potential con-
trol for these two plates.

This is reflected in the difference in the amount
of nickel that you see too. The corrosionfof the plate is
contributed to the amount of nickel in the solution. 1In
this case you.see a larger figure for nickel, as determined
with the dimethyl glyoxime.

In the case of 3A and 3B this is an example of
what can be achieved if you use potential control for the
cycle plate in the discharged state. I should go back and
explain why the cycledplate is much more difficult to handle
than'the green plate.

This is because on discharge you never get the
nickel valence back to two, so you always end up with some
material in an oxidized state in the active material. And
it is the electro-reduction of this material that couples
with the nickel dissolution process that is the corrosion
of the plaque.

Now the active material that you can't discharge
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is probably protected by a fiim of nickel hydroxide which

is not a good conductor. So.you end up with positive active
material in the charged state that is completely enqapsulated
As it were with discharged material.

But then in the analysis of this plate you begin
to dissolve out the nickel hydroxide and you make available
that material in the charged state. This is the material
that is reduced to compliment the anodic dissolution of
nickel f?om the plaque. So that in comparing 3A and 3B we
are comparing the c&cle plate ih the discharged state now
undexr potential control.

And again these plates were prepared without nitric
acid in the impregnation sulution. So now we see much better
agreement between the plaque weights after extraction as
less than probably one or twoipercent error in the plajue

weights per unit area after extraction in this case compared

to something over six percent in the previous example.
Again, there is good agreement between the figures
obtained for the quantity of nickel in the active material.
And all I wanted to bring out in the case of
4A and 4B is that weight gain is not necessarily a good quide
to the amount of active material that you'Qe deposited in
the plate. These:were weights in the greenstate, I might add,
where there is apparently good agreement between the weiqht-

pick~up.
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But if you compare

amount of nickel in there, there is quite a significant
difference because of the greater water content in the case
of sample 4B.

I aon'g put too much emphasis on;the actual values
for the water content here because particuvarly for the
cycled plates you also have some potassium in the active
material. And unless you determine how much potassiim is
there ydu can't determine quantitatively how much watef you
have in‘the active material.

So gssenﬁially what we got out of this method is
by potentiél study c¢ontrol you can analyze the plate in the
discharged state to tell you exactly how much active ﬁateriél
you've got there and how it is distributed in a'plate, if
you carry out an analysis on several parts.

As far as utilization is concerned, we need some
more info:matioh._ We now know the amount of active material
there, but we don't know how much of it is cycling. Possibly
thié iép't as big a problem with the pbsitive as the negative,
but it would be interésting to try and define what it is.

In order to do this we really need/to determine the

stoichidmetry - of both the charged and the discharged state.
And I'm of the opinion at this time that we still can't
answer this question completely.

But let me give séme indication of how far I think

we can go. Thus far we have restricted our examination to
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dgtgrmination of tﬁe state of charge as the equiQalenﬁ active ;
oxygen content uginq potassium iodide, liberating iodine l
and titrating iodine with thiosulfate.

There are other méthods of doing this. Aﬁd there
are some very elegant methods described in the literature.
But most of them, as far as I can see, demand washing and
drying of the piates before you carry out the analysis.

And in the case of platés that are charged, fully
charged or overcharged, this immediately gives you an error.
As soon as you wash and dry the plate the self-discharge
procéss is raéid enough to give you a significant loss of
equivalent active oxygen content.

So I dismiss immediately any méthod that requires
washing and drying. ‘I»think it is possible that you:ucan use
some of these methods at a low state of charge, say up to
50 percent state of charge for the positive electrode. But
as soon as you try to measure someﬁhing realistic, bercause
we usually want to use all of the capacity that's available
in the electrodes, you run into trouble. |

When we started out we were getting very low values
for the active oxygen content -- and this T think was because
we were washing and drying the plates. We went from a method

where we were washing and drying to one of direct transfer

into the iodide solition.
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(slide.)

This indicates the difference that you see for
two samples that are wéshed and dried and direct)transferred.
The active ox?gen contcent tnrns.mut:here; We 'calculated
the apparent nickel valence from the active oxygen. And
you can see that by direct transfer you do make a significant
difference in the figure you get for the active ongen and‘
for the'apparent valence of the charged state.

These figures are still qﬁite low I think. So
the first improvement is one of not washing and drying the
plates prior to analysis. ﬁow we still have a corrosion
problem in this analysis too.

The interaction of the active material to generate
iodine in solution,or Iy - ions, what £t means is that
we now have an electro-reducible species in solution, one

that can complement this anodic corrosion of the nickel plague

quite easily.

" The plate is sitting at a high positive potential.
The potaséium iodide is capablé of éomplexing nickel 2 to
some extent, sufficient I think to dissolve any passive film,
So immediately you have a nice coupling between the iodine
and solution, the I,— _-ions, and the nickel plague. And

you get significant corrosion of the nickel plaque.

| : We found that if we examined the apparent active

ioxygen content as a function of extraction tine, it first
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show a slight increase, of course, for the first two hours.
And then over the next 24 hours it fell off quite rapidly
until you ended up with almost nothing.

And you do need quite long contact times to do
a reasonably accurate analfsis, Contact time needs to be
about six or seven hours. Well, there's a very nice way of
gegting around th;s_p;rticular problem which appears in a
paper by'Harival, but in French, so maybevsome people are
not faﬁiliar with it,. It is very simple: Instead of
accumqlating_the_13—- : in’solution you add thiosulfate
at regulaf intervals during the contact time. In our case
this was about every 15 minutes. You wait until yQﬁ see a
pale straw color of the iodine appear and then you promptly-
put in another measured amount of thiosulfate, anothar five

and follow the process right through to the end until
the times get longer and longer and until there is very
little risk towards the end and you can add your starch and
get the exacﬁ end pgint for a proper titration.

So using 'Harival's technique of simultaneonus
ad@ition of thiosulfate, I think you can get rid of the
corrosion problem as it relates to coupling with 13"x
in the solution.—

(Slide.)

Using this method, now using direct transfervand

using Harival's. methed for the analysis you can push the




Table VL Effect of Washing and Drying of Sample on
Active [O] Determination

We%[O] in Active Material*

Weight per unit oWt Washed and Direct
Sample Area, g/cm? Ni(OH)2 Dried Transfer
1 ) 0.2503 19.1 4.35 (2.50) 6.97 (2.80)

2 0.2008 13.1 4.36 (2.50) 8,27 (2.95)

* Figures in-parenthesis are corresponding apparent nickel valencies.

Table VIL  Apparent NiValence as Tunetion of Ciargze,

Overcharge, o

P Overdiselhierge

Charged State

% Charge at
Sample C-2 Rutw

50
100
150
200~
200
200
200

1000

DRI D D LN s

WL %[0 in
Active Material

©oOoO®aN
WM NOANO
TaraGaagra

Discharyged Stare

Time of Over-

Sample Jischurge, Mind
9 [
10 5
11 15

*20 min <tand at open cireudt prior

Wt % [Q] in
aActive Material

3.2
2.7
1.8

to analysis.

Apparent
Ni Valence

2.
2.
2.
2.
3.
3.
3.
3.

52328333

Apparent
Ni Valence

2.37
2.31
2.23
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apparent nickel valence up aé high as 3.1, depending on the
degfee of overcharge, Up to.100 percent overcharge I think
you have just about approached a nickel valence of 3, There-
after, the overchargé doesn't make all that much diffarence.

Now this figure is still somewhat unsatisfactory.
And although it is bigger than any other figure i've found
for actual analysis of nickel plates in the literature,
there are figures for the simple oxides analyzed by
themsel&es, but as far as plates are concerned, I haven't
seen any figures bigger than 3.13.

If you then compare this with the capacities as

measured for these plates and also take into account that

| we carried out analyses in the discharged stated, I have a

lot more confidence in these results because now you don't
have any active material in the charged state to couple with
the nickel plaque to give you corrosion.

If you use Hafival's- method, you can get a good
value for the apparent nickel valence in:the discharged
state. And as you can see, it depends on some degree of
overdischarge to get now to the normally recorded figures
of 2,2,

This might be related in some way to hysteresis.
We were discharging relatively rapidly,and maybe if the
plates were allowad to sit for a while we would see this

2,2 figure spontaneously.
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But if you calculate the apparent valence of the
charged state from taking 2.2 and one-electron transfer for
the total process, you come up with the conclusion that
this figure of 3.13 is still 23 percent too low.

In other words, there are stili losses of active
oxygen associated with this method of analysis that we
haven't accounted for. So a determination of the state of
cﬁarge, defining the state of charge in an overchar¢ed plate,
is still something that you can't really attain.

I think the best we can define for the positive
plate at the‘moment is a reasonably accurate. analysis of
the state of charge in the discharge state. And we can say
very definitely that the charged material that isn't dis-
charged is not cycling.

‘What we can't define is how much nickel in the
divalence state doesn't accept charge. So I think that's
as far as one can go in terms of. defining utilization of the
positive plate.

I did skip rather quickly through why this figure
is still low. I think it is still this corrosion of the
substrate that what one can see is spontaneous self-discharge
of the active material coupled with the anodic process of
corrosion of “the nickel.

In other words, some of the active material that

you are looking for in the positive plate is discharging
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and coupling with a nickel metal to nickel 2 plus, occuring
in solution at the same time.

So the figure you see for active oxygen almost

inevitably must turn out too low. If anyone has any methods

of determining state of charge for fully charged or over-

charged plates, I would very much like to hear about them.
Thank you. -
(Applause.)

HALPERT: Are there any questions: or comments.

MAU#ER: The first comment is that one way to
determine the state of charge of a plate is, of course, to
put it in KOH and connect it across the ¥esistor. It wo;ks
efficiently in practice.

But McArthuf showed a few years ago in a peper
he presented that the discharge reaction is proton limited.
Thetre is proton diffusion in the active material.which is a
rate limiting step.

This occurs when a potential of the electrocle
falls below its plateau voltage. If you go through the
standard diffusion equations you find the voltage of the
electrode then should follow & diffidsion-limited curve.

A plot of this voltage, log of the voltage versus

time, will give yuvu a series of straight line segments that

fall in the proper ratio of 1 to 9 to 27.

The point is that the electrode must bhe diﬂcharqed

© e s g s o
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for a very long time iﬁ_the shoﬁééd\ ’ state to completely
discharge it. The érotons are diffusing at a very low rate
now because they occup; lattice, ° sites that are nearly
completely filled.

So diffusion rates are very low, and times of
the order of weeks are required to get these diffusion
currents down'beiéw let's say the microamp region in an
electroée that is of the order of a half ampere hour in size.
Bo this can account for the apparent §alence being 2.2 in-
stead of 2.0.‘

PARRY: I should have chosen my words more ¢are-
fully. I meant something other thén discharging to determine
the state of charge.

I think one needs thé élternéﬁive process in order
to be able'to define how much of the éctive material is
cy'cled N | |

FLEISCHER: No - matter how 1dw a rate you go to
in.dischargin§ a sintered plgte, I doubt if you would have
ghe patience to discharge it and get a green nickel hydroxide.
fou wili always have a black»piate left at any rate which
would be considered as practical to QO the experiment.

I once took a plate that had been discharged and
allowed it to stand in alkali, and it téok just about one
yeay for the Plack nickel to discﬁarg@ complotaly and to

get a green plate.
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So I think one of the problems here is that we
have isolated nickelic hydroxide or cobaltic hydroxide,
which is far more stable than nickelic hydroxide.

The other point that I wanted to bring up was just
to mention about Muspratt solution. WhenLI was looking for
a method of determining cadmium, I recall that cadmium
hydroxide might be soluble like zinc: hydroxide or zinc
oiide. ‘And I recallAreading a paper years before that in
the Journalof the Ceramic Sociéty which said that zinc
oxide could be determined in zinc dust by extracting with
Muspratt soiution which consisted of ammoniwh chloride and
ammonium.hydroxide.

But I was never able to locate the exact reference,
having gone through all of Muspratt's encyclopedia and any-
thing that referred to Muspratt. So the name of Muspratt
was just given because I rememberea that that was what it
had beéen named.

éARRY: I must confess that my indoctrinsation
in this came from Dr. Fleisther.

(Laughter.)

GROSS: John, one minor point on your'mechanical
test. This test has been developed by materials enciineers
for measuring the stress of brittle materxials like ¢lasses.
And the reason that'itAwas developed was because they wanted

to actually be able to calculate the stress at the surface
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when the materiai broke.

Now when you're using this test as a process‘con—
trol.to determine the proéesses, you‘den't really need to
know what the stress is. But if you want to compare plaques
from different manufacturers which might be of different
thicknesses and different structure, then I think it would
be wisé to carry the calculation out to the end and zctually
calculaﬁe the surface stress. So we can then get a comparison
of different plaques.

PARRY:  Well, this we havé done. It has been done.
It haé been completely analyzed. This work was dohe by one
of our materials people at Tyco. And we have gdne through
the complete analysis to get a final figure, you know, in
kilbgrams‘per'centimenter squared. It's not a qualitative
test.

bne_éoint I férgot toe put in earlier, if anyone
ié interested in thatjdevice; I do have a few drawings with
me of the piéces}

HALPERT: ‘Thank you, John.

I might mention that we've done  some work using the

& mechanical strength test as well and have found it works

quite well even looking at plagues and plates of the same
manufacturer, because they still differ. . In looking for
guality control this is an aspect that siroild’ be donsidéxed

although.it is a destructive test,
I night also mcngion tha fact that this is sensitive
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to the substrate. being relatively placed in the center.
If it is closer to one éide, then you'll always have to
measure it with the same side down, when youre trying to
do the cracking and stressing. 4 N7 1 2 - .,
_ We thank you, Dr. Fleischer, for puttgigséégz
historical record on the Muspratt solution in notes, so ﬁow
we all know where it came from.
" Our next speaker this morning is from Comsat
Labs where they'&e been doing quite a bit of work on extraction
of the negative plate
Jim Dunlop has dohe quite a bit of work in that
area. And I would. like to present him now.
DUNLOP s i thank Dr. Parry for his presentafion
this mofning sincg it covered about 50 percent of what we
were going to say.
For the record, we have in the past two years
been involved in the Intelsat IV program and through this
program have been looking at methods for analyzing nickel
cadmium cells that we have received for use in this prrogram.
Now we've done a considerable amount of electrical
performance testing. Hughes.Aircraft and GE has also done
a considerable amount of electrical testing.
These include areas such as acceptance testing,
accelerated testing, eclipse operation, storage and

reconditioning. One of the things that we have faced in the
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course of looking at the electrical performance data is

that we don't really have a complete story. I think many of

you who have been involved in a program, an aerospaceg progranm,
know what I'm talking about here, where you'll see a spread

of data when you're making electrical perfﬁ%mance measurements.
And you're not sure just what it means. You don't know
whether it is something you did or whether it is something

thé battery manufacturer did or just what is causing the
spread that you're seeing in your measurements.

So what you would like to do is have a procedure

where you could somehow or other get a complete picture of
what is taking place inside this cell. &and this is what ve
have tried to do. And I am going to describe brieﬁly this
morning the program that we have evolved from our Intelsat
IV test program.
The program that we have evolved is a method

of obtaining both the electrical performance and alsc the
chemical analysis and trying to correlate these results to
get a complete picture of what is actually going on in that
cell.

It is interesting té do this at different steps in
your program So as you run say a storage or reconditioning
|

and accelerated test you can compare your results as you go

lalong to try and find out what is taking place with time in

|
I
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We are actually going to make a moré complete
presentation of the results of éur program probably sométime |
nex£ year in conjﬁnction with the pedple at Hgghes Aircraft
and maybe GE.

In doing the chemical analysis for these cells
we have been assiéted by a number of people inéluding Dr.
Fleischer, some people at Wright-Patterson Air Force Base and
Ba;tellg} people here at NASA-Goddard, people at GE. And
we have ﬁsed Tyco's work as well.

I am going to have Kurt Van Ommeripg who i3 working
in our labs actually go through the procedures that wa've
used for the chemical analysis. |

ﬁefore I do this I would like briefly to use some
data that we have from this program to'show the kindnof
variation in.electrical performance measurements that you
will.normaliy see in a test program.

First graph, please, Marty?

(Slide.)

I might apologize a bit for this graph if you
have difficﬁlty seeing it, we purposely intended it that way
since GE is in the audience. |

(Laughter.)

What I am showing here 1is a number of cells'on
the vertical axis. &nd then the horizontal here is the time

to discharge at a C/2 rate going from 120 minutes out to 180
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minutes. First I would like to point out that all these
cells exceed 120 minutes which is at the C/2 rate the rated
capacity for the cell. But you will notice that there is a
large spread in the data.
The numbers here correspond to different lot numbers.
You vill see lot one cells in this range; lot two cells, three
cells, four qells and so forth. |
The spread is from somewhere here at 120 minutes
out to beyond 180 minutes, which is a considerable spread
in the capacity for the individual cells.
(élide.)
Just a similar type of curve where we are pre-
senting in the top graph here variation in cell capacity
for a discharge, final discharge before the cell was sealed
off. And again you will notice a considerable spread in
the data. The numbers here again corfespond to cells from
different lot numbers. |
Down here is the data takeh on the first recon-
ditioning cycle for the cells received at Comsat. and here
they are better grouped with a few cells breaking out. |
(slide.)
This is the game kind of data again, except here in
the bottom slide we're showing the capacity measurements
after 30 cycles at room temperature or 25°C. I want to point

out here that the cclls for lot six are very well grouped
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around 165 to 170 minutes.

The lot four cells are grouped a little bit lower.-
And there is a smattering of other calls here.

One point to bring out in this gréph is that 1f you
are making a baﬁtery it might be worthwhile to use éells
from this same lot to make up the battery since you seem
to get a little better grouping wi.th cyeling for cells coming
from the same lot.

If I could have the lights now, please.
I do n§t want to dwell on the aata here. I ;

merely picked some data to make a point here that if you
just take electrical data you can get a -- and you look at
it at different periods in time -- that you can get quite a
spread in your capacity measurements. It may be a problem
with your charging. It may be a problem with your manufacture.

If you want to find out, then you really need to
carry your work a little farther and go through some kind
of complete analysis on your cell. And this is what we've
done. And the analysis that we use attempts to determine
the total amount of active materials that we have in the
cells, the amount of active material that we're utilizing,
the amount of precharge that we have in the cells. Bnd we

also look at the electrolyte to determine the carbonate

build-up with time.

I want to describe very bLviefly to you the electrical
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performance measurements that we nmake vhen we're preparing
to do this analysis. And then I'm going to let Mr. Van
Ommering describe the chemical snalysis that we use, .

What we'll really do is that we'll take a cell

out at some stage in the; proypam when we decide that we

want to evaluate this cell and f£ind out as much as we can
about it. |

We then charge this cell at a controlled temperature
around.20°c for 16 hours at a C/10 rate, so that we charge
it up fully. We ﬁhen discharge it at a C/é_rate again at
70°F until the cell goes to zerxo volts,

We then change our discharge rate to a C/1C and
we continue the discharge. At the time that the cell goes
into reversal, we puncture it with the puncturing device made
here at Goddard.

We take gas samples as the cell goes into reversal
and continue to run the cell in reversal until we get down
to minus a half a volt. At that time we open the cell up
and we put it in a nickel soxhlet similar to the procedure
that was dona at Battelle.

I'm going to now have Mr. Van Ommering come up here
and describe what we do once we've got the céll into this

soxhlet I want to make a point beforc he does tﬁis that

what we've doga now iu compietely discharged bbth clectrodes

in this cell electrically. 2And we've takoen gas sawples during
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the time we're in reversal so that we know which electrode .
is‘limiting us on discharge once we do go into reversal.
And we've also determined how much, hcpefully, precharged
material we have in cadmium here in the reverse process that's
usabla. _ ,N71-28663-
VAN OMMERING: Well, I don't really have to say
too much because as far as the cadmium plate analysis is
concerned we use the same method as Dr. Parry does at Tyco.
But oh‘the electrolyte analysis when we have had the cell
in the nickel soxhlet for 48 hours we get the cell out,
take the solution from the Ssoxhlet and dilute it to a certain
known volume.
And then we analyze it by taking a sample and

titrating with hydrochloric acid, first to an end point of Pheny

and then hal? of the carbonate content and then to a second
end point with methyl violet indicators so that we can
determine the whole carbonate content.from the weight loss
of the plate:stack of the cell.

After we have dried it we can determine the total
weight of the electrolyte as well as a concentration of the
KOH. The cadmium plate, as I said, we use the same procedure
!as Tyco, so it wouldn't be too interesting Lo repeat the
whole thing.

For the nickel plates we have trisd seversl methods
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at Comsat. First a simple Muspratt extraction. But that

give us unreproducible results exactly as Dr. Parry pointed

out.

We tried to use the Pycoipxocedure. It gave us
some technical trouble, so we then went to the GE procedure,
which you would expect to be best for GE cells.

(Laughter.)

We did it the way Dr. Kroger gescribed it.-

First Qe break the extra material and the nickel sirter

from the plates and then grind it to a fine powder. Next

we take a sample from iﬁ agd pﬁt it in acetic acid with

added a certain amount of ferrous ammoniﬁm'ﬁulphate'. The fer-
rous ammoniumsulphate is partly oxidized by the charged

nickel. We determine then after an hour of reactior. in a
tlosed vessel the amount of ferrous ions by simple titration
with potassium perﬁangahaté.

From the amount of ferrous ions we calculate the
amount of ferric ions and show the total amount of charged
nickel. The total active material in nickel plates is also
determined by an extraction in acetic acid. We add hydrazine
sulphates that should prevent all the metallic nickel from
going into the solution.

We didn't really have too much time to check it
all out, if really no metallic nickel is going to the solution,%

but the results we get so far are fairly rxeproducible.
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.I can -give yéu some numbers which are perhaps not
to be trusted too well, but we found for a plate fron a
discharged cell about .3 ampere hours of charged nickel still
in thé plate. Charged-nicdkel is not usable in electro-
chemical operation of the cell.

The total number of ambére hours in the plates
waé about 2-1/2 ampere hours. Aand if all the numbers are
right,fit should»mean that we can conmpletely charge fhe
whole plate and nbt completely discharge it. Well, I think
that is about what Jim wanted me to say. |

DURLDP : I think what I can do now,if we take the
next élide, is summarize how this looks then.

Thank you. Why don't you stay right here in case
we haye.some guestions.

(Slide.)

WhatAwe have here presented in bar graph form
shows the results of the analysis on three different cells.
This éarticular call here the measurements were made after
a 30-cycle burn’in. This particular celi here and here is
after one eclipse season and a 135-day stofage at C/45 triple
charge rate.

| The total cadmium is very uniform, fairly uniform,
in these cells. We're finding it within plus or minus one
ampere hours, the same amount of total cadmium, about. 46

ampere hours equivalent.
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The ampunt of cadmium that we can actually use is
shown at this point here. Afteriithe 30 cycles we are able
to utilize ~- this is the part that we can't utilize. After
storaée and feconditioning, this is the part that we can't
utilize. So that you :>e with time the amount of cacdmium that
we're not able to utilie —is increasing. As I rememker it,
our utilization afﬁer apout 30 cycles is on the order of
70 to 75 percent.

. And after thé siorage and reconditioning, it is
abbut 70 percent. A£ the very beginning it is around 80
percent. This is a kind of loss of utilization that we're
experiencing with time. This is thé amount of precharge
at this level here.

The amount 6f érecharge that we can use varies
and actually seems to increase slightly with time, or at
least that's the effect that we have on.these three calls.

The total amouht of precharge is the same, but
this marked in area is the amount that we're actually able
to utilize. The amount down here is a part of the precharge
cadmium or charged cadmium that we actually cannot dis-
charge, electrically, at a useful rate.

And between here and here, this is a measurement of
the positive capacity in that cell.

I think the iﬁterestingvthing about the bar graph

is that it is a good graphic representation of what we're
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able to conclude from the combination of the electrical
pérformance measurements that we make and the chemical
analysis that we do.

(slide.)

Thié gives a brief description of some of the cells
that we;ve used in the chemical analysis. I don't think I'llt
talk too much about it.

(Slide.)

Briefly, they are divided into three categéries,
before burn-in, after burn-in and after cycling. There is a
lot of informétion here. I think I'll only point out a couple
of things. The total cadmium in ampere hours chemically
determined, as you can‘see,<is fairly uniform for all the
cells.

The total cadmium utilization -- there is a variable
he:e‘at the beginning of life. After the 30 cycles it is
guite constant. This is an argument here for makiﬁg your
pérformance ﬁeasurements after 30 cycles. It éeems ihat you
get more consistent results after you've cycled the cells a
few times.

This is ‘the utilization after the 30 cyéles and
after the eclipses ahd after thg storége. You will notice
that the utilization has dropped from about 72 or 73 percent
down to about 70 percent.

The average welght of the negative plates .s shown
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here. And the dg?ta of the negative plates,hwhich is_the
variation between the weight of the heaviest plate and
the lightest plate, is shown. |

There is a variation in weight between plates hera.
It is around two or three grams.

I think:in conc .usion here we would’say that to
date wé havé.been able to find that with the analysis pro-
ceaure-ﬁhat we're-using we do seem to be able to get a
much better underste ding for the céll bghavior with time.

| 6né point that we will report in our paper next

year is that with the various storage and reconditioning

 procedures that we're now running,we‘re into about a year and

a half of testing on this and we're taking cells out about
every six months from this progfam to go through an analysig.

And we are finding that there is a carbonate bujld
up with time. What we're looking for in this time increment
thing.is what is changing in the.cell'that's going to
eventually”lééd to some kind of failure.

And I think this type of é program is very useful
in that type of analysis. |

I will also point out that tﬁis is a destruct test,
so that when you do it you are destroying the cells. A&And
it does take time. And it does téke gome eyuipment. So
I don‘t exactly know how to recommend that you use a program

like this. I want to point out that if you do decid2 to use
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|l @ program like this eithexr in your own facilities or in

conjunction with somebody else that it does take some time
some effort and some money to do this. But I do think that
what you can get out of a program like this can be méstv
rewarding.

And that's it.

(Applause.) |

HALPERT: Thank you very much.

I am sure Jim and his associate would be very happy
to field some«questidns.

REED: Reed from Batteile.

First, a comment about the Muspratt analysis. My
indoctrination is that Dr. Parry's came from Dr. Fleischer,
but I dodt think it has been pointed ou£ this morning that
it is important that these extractions be done in an oxygen-
free environment. |

It is my understanding that even the extraction
of the cadmium hydroxide into the ammonium hydroxide, ammonium
chloride solution should be done, say, with nitrogen being
bubbled through the extraction solution so that you do not
oxidize a metallic cadmium remaining in the plate. &And,
furthermore, I believe that this procedure of bubbling nitro-
gen through the solution will prevent much‘of the élaque
oxidation which Dr. Parry refers to.

VAN OMMERING: We usually bubble nitrogen through
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the solution when we analyze the cadmium plates.

REED: I thought you p;obably did, bu£ this has not
been pointed out so far this morning. And I didn't want‘
people to be misled. |

Now a question about your results. It appears to
me that you should be able to determine from these analyses
at various times showing the decréase in the utilizable
cadmium whether the nonutilizable form of cadmium is indeed
metallic cadmium or cadmium hydroxide.

DUNLOP: We do.

REEﬁ: WhaE do you find?

DUNLOP: .Well, we showed it on that slide.

REED: I wasn't able to determine it from the slide.

DUNLOP: Do you want a copy?. |

REED: Yes.

DUNLOP: We have a couple of copies of that bar
graph that we would be glad to pass out which I think will
suffice here.

But I think it is a combination of both, as a
matter of fact. And it does vary with time. In this
particular case, interestingly énough, at the beginning of
the program we had variation -- we did a complete electrical
discharge before the analysis. But we found that there was

a significant amount of metallic cadmium remaining in those
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plates,

It turns out that with cycling we are able to
discharge those plates further with time. And our .oss in
utilization is really showing up as discharged cadm.um. And
the amount of metallic cadmium is actuallydecreasing.

JACOBS: Jacobs, Union-Carbide.

You mentioned that there was a caxbonate build-
uﬁ with.time. I wasn't sure I understood. Is this just
storage time on shelf or is this with cycling. .

DUNLfP: Well, the program that I was referring to
we have fouf different rea; time tests in progress. The
difference between’the four programs is that there are four
different storage and reconditioning modes. What.wa're doing
is 'simulating real time testing in this program where we
run an eclipse cycle using the variation and depth of
discharge each day like we expect to experience in the
rogram with also a temperature variation each day. And
then we go into an eclipse storage mode where we use
different combintions of either storage in a discharge
mode or storage in a triple charge mode with and without
reconditioning.

JACOBS: Thank you.

BILLERBECK: Billerbeck from Comsat.

I just wanted to add one comment there. All this
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at these various modes to try and find an optimum mode for
storage in the time we are not utilizing the battery on
synchronous orbit.

RYDER: Ryder, Gulton.

You show about 46 ampere hours for the capacity.
That is a measured capacity I assume.

DUNLOP: From the chemical analysis.

RYDER: Okay, that's not an actual electrical
capaci£y?

DUNLOP: No. The actual electrical capacity at
the beginning may be as high as'34 to 38 ampere hours.

RYDER: Okay. That was really the questicn. Your
nominal cell capacity then I take it is what -- about 20
ampere hours.

| DUNIO:P: PFifteen. It is rather interesting.

RYDER: You showed some data based‘on a certain
period of time where the cadmium is declining. Do you have
any additional data since then to indicate whether this is
continuing with additional cycling and/or storage?

DUNL(P: We're continuing the test. That's the
latest data we have. And that is taken after about one year
of operation.

RYDER: That is the latest data?

DUNLOP: That is the latest data. We actually will

publish this report, hopefully next year which will include
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probably two years of testing.

RYDER: So then you would have about 34 ampere
hours degrading to about.70 percent'of that on a nom.nal
15 ampere hour cell?

| DUNLOP: Yes, that's correct.

RYDER: Thank you.

HALPERT: Any further questions?

FORD: ‘Ford of NASA-~-Goddard.

Jim, I have three guestions.

You mention a 30-cycles’. Could you describe the
type of cycie? Is that a synchronous orbit cycle?

DUNLQP: No. There is nothing really magic about
that 30 cycles except that we run it at controlled temperatures
below 75°F. And we discharge it té approximately 8C per-
cent of the depth of discharge at a C/2 rate. It is basically
an ampere hour turnover exeréise.

FORD: What you're really suggesting in this is
something iike a burn-in.

DUNLQP: That's what we called it really, a burn-
in test.

FORD: Okay.

The second question. In measuring your pre-
charge ard during your test have you‘made an attemp: to
correlate this with the level of precharge tha& you would

expect to have based on manufacturing data?
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DUNL3P: Yes. Let me aﬁswep that question this
way: I think this is the ans@er you're after. We have
talked with the peoplé from GE about it, and based on what
they think they're doing, there is very close agreenent here
between what we measure and_what they think they are putting
into that éell.

FORD: Okay, which leads me to the next question}
your reversal.--

DUNLOP: I hope that's right.

FORD: == is at C/2 I believe.

DUNLOP: Right. |

FORD: Do you get repeétability in that test,
because as we will get into this afternoon some of the data
we're getting says that that gést can give you anywhere from
zero percent to 130 percent of the actual precharge that was
put into the cell.

DUNLQ®: One of the points ﬁhat you see in this
program and you will see it on that graph is that when you
do run it into discharge, all you're doing is discharging
the amount that you can discharge at that rate. There may be
a lot‘of metallic cadmium remaining in those plates that
you later determine you didn't discharge electrically. So
one of your problems -- the thing that was interesting about
the data that we got from this proqram so far was tlrat

at the very beginning when we first received the cells there
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1|l was a wide variation in the amount of precharged cadmium

2} that we measured electrically. But the amount, once we

3| did the complete analysis, of precharge that we determined

41 to be there was the same. But it was not discharged electric-
51 ally. You could recombine it with oxygen, by the way, at a
6ll slow rate, or you could discharge it at a very élow rate.

7 But you couldn't discharge it at a useful rate. After the

8| 30 cycleé the situation gets better. It seems to be fairly
9 uniforﬁ.

10 FORD: You do the reversal with the plate stack in
11} the case?

12 DUNLGP: That's correct.

13 FORD: Have you run into the situation where the
14| cell could not be reversed in the can?

15 DUNLOP: We can always reverse them. The guestion
16| is which electrode is limiting.

17 FORD: I mean in a situation we've seen also on

18} several occasions ~- and this is particularly characteristic
19| 0f cells that have been on cycle for somé time ~-- and I'm

20| talking about three-quarters to a year, sometimes it shows
21 |lup earlier than this, and we see a situation where as you go
22 linto reversal you will hit a negative potential of about
23|1150 to 180 millivolts. It will hang there for about five

24| minutes and then in: fact the potential starts going back

Repaters, Inc,
25 towards zero. And no matter how long you reverse it at C/2
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nothing ever happens. I think we might discusé that later
on this afternooﬁ.

DUNLOP: We haven't seen that, Floyd.

REED: Reed from Battelle.

What separator is in the cells you are using?

DUNLOP: Pellon.

REED: I was wonderin§ when you talked about the
inéreasé in carbonate concentration with time Whether you
had seen a similar phenomena with say polypropylene sieparators?

DUNLOP:. We don't have any data'to compare with.

REED: That's what I thought.

DUNLOP: We may some day.

; o
HALPERT: Thank you very much. -J 7} -9 86 6 i ,
. We have about 10 minutes before we have to hustle
over to the cafeteria. And I have done some work in our
labs in the Materials Branch. I fhought I could present
some of the data on piate weights which may be of interest.

This is kind of stepping back a step before
Jim's talk in relaﬁion to taking a.loék at the plate weights
before they are actually put into cells and formed.

The purpose in doing this was to.try and get some
other meanse of quaiity control in which we could look at
the plates before they were actually being put into éells.
Cne of the'purpwses was, of courée, to see if we could

predict ahead of time what kind of failures there would be




10
1
12
13
14

15

17
13
19
20
2

)
4.

23
24

Repcrters, Inc.

25

85

and how the plates would operate and what capacity you would
have and do this nondestructively before the cells were

assembled.

One of the first things we did find in looking at
a lot of the data was that there was a pretty high weight-
capacity correlation. I think this may have been known in the
past but hasn't been used to a great extent ih actually
buildiné the cells. We apply this to a nﬁmber of the plate
groups which we have recéived from the various manufacturers
and compare this with the materials from OAO battery 32 and
33.

I would like to run through a few slides showing
you what.we did.

(Slide.)

We did a plaque and plate evaluation by running a
nufiber of different types of tests measuring all the variables
including su:face area and pore size and the like on
plates in particular. We did work.on plagque and plate weight.
We related the capacity to the plate weight and showed
we can actually predict capacity.

I will show later‘that we use this in the latest
OAO cell fabrication with success.

(Slide.) |

T will just run through these very briefly.

This is just ouxr particular evaluation procedure in which
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H we inspect packaging and verify traceability, get a visual

2\l impression of what some of the plates look like. And I will

31l show é few samples here in a few minutes that can cause

4|l problzms. We deterﬁine the weight average and distribution

S| of every plate within the batch. Our batches generally

6} run from 50 to 100 samples of plate and plaque if we can

7| get them. We then select some samﬁles for test and seal and

8 sforevtﬁe remainder.

9 " (Slide.)’

10 We go ﬁhrough_now a specific investigation of

11} sixteen platés. Again we look more éarefully and mazke a

12}l dimensional méasurement. We weigh each plate and measure

13} thickness distributioﬁ at four placeé on the plate. We

14 measure-ﬁechanical gtrength and sufface area and run some of
15| these other physical chemical tests which I won't describe

16 today;

17 We then take 10 of the.plates and run a flooded

18/ plate capacity in which we run single plates versus two

19 | opposing electrodes. And then we measure afterwards some

20 of the 6ther propertiés. Today we're only going to -=:alk

21 about this plate weight and cépacity correlation.

22 (Slide.)

23 On the next slide I show some of the samp.es of

24| plates which caused us séme problems. You can see the cuts

| Repoaeters, Inc. ' .
25! in the upper left, cuts in the particular plates goirg in both
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directions. In the one on the.upper right we see that
the.plate has been uneven;y compacted. And you can see the
areas‘in which some of thé pores froﬁ the substrate don't
even show through.

Oon the bottom ~-- it isrdifficult to see, but there
is a degree of warping in the plate before we even get it.
And then over hefe on this bottom lefthand side we see
lots of holes in the plate, unevenly distributed.

In another bapch-in the next slide here we see
nonuniformity in distribution of the substrate screen.

(slide.)

IﬂAthis particular case we were using screen
throughout the plaque. Again there are scratches and some
breakage. And then here on the bottom is a nonuniform dis-
tribution of the active material. All these we believe are
sources of nonuﬁiformity and lack of the kind of quality
control 1hat we need for the high-reliability cells that
we're using.

(Slide.)

In the next slide we show some of the weights of
plagque. These.are samples of plagque which we have taken and
measured, variation of plague throughout the entire batch.
The averages are given just under the bars. 13.2 for this
group, and 4.5, Thece plague distributions are not bad;

that is, they held fairly uniform.
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Another group ovér here was held quite yniform,
but you can éee that thesevﬁqry all over the lot. #nd
you cén imagine what's going to happen if you try ard do
any kind of blate measurements based on the plagques that
have not been unifofmly,dontrolled.

(SLIDE.)

We then went ahead and measured some plate weights
from batches. Aand we can look at the next slide. We will -
giQe you negative plate weight distribution. And again
here in this particular graph, which is slightly different
from the laég, ihé average, plus or minus .5 grams,iis5gi#en
in the top line for this particular LR group of which there
are 53. This is 0.5 to 1.0 gram variation and 1.0 to 1,5 for
this particular group.

And you can see here we go down. There is a fairly
wide distribution here and hére. And this particular group
used in the OAO batch just héppened to come through with:a
big blank right here in the.center. |

But quite a few plates, as you can see, in the
batch that we got were in this particular area right here.

In this particular TA group we see a very closely
controlled plate weight. And you will see that again a
little later. And then later on again we see guite a wide
variation in the weight of plate. It is also true for the
positive.

(Slide.)’
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In the -next slide we show some of the positive
weights. And again the fairly wide variation. In some
cases it is more closely cqntrolled than in othersiig compar=
ing that ﬁith the OAO battery 32 and 33 group which is shown
in'this-particular grouping.

We then, knowing these particular values, take the

ten plates carefully looked at, and we would make capacity

measurements, flooded plate capacity measurements.

(slide.)
In the next slide we show the distribution:iof?®
one particular group. This happens to be the negative plates

for the group that-'goes into the OAO battery 32 and 33.

 This happened to be one of the ones we picked at random.

These were all picked at random.

You see a fairly good straight line, if you want
to include tﬁat in the batch. Even if you don't include ‘it,
you can see that there's a relatively good straight line
even here.

If you consider the weight and the standard
deviation of the ten plates‘and the capacity and the
standard deviation of the capacity of the ten plates, we
have these numbers here.

And if we just take out this one particular »ad one,
we come way down to .42 and have a standard deviation in

capacity of .06. The number we decided to use for the 020
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34 and 35 builds was plus or minus 3-1/2 percent. Anything;
outside plus or minus 3-1/2 percent would be thrown out.
And so that would have eldminated this particular one too,
SO you can sée we would have had a pretty nice narrow
grouping for this particular katch.

(Slide.)

The next slide just takes a bunch of these, the

data, and actually just remove the plates one at a time to

.look for the standard deviation.

And we can see over on the far end that tre
correlation Eoéfficient holds pretty well. This actually
comes out higher. The wrong piece of déta was removed. It
should have been higher,

But neverthgless all of them are above the .8 cor-
relation and, of course, the .98 because of the plate that
was exceptionally low. What this allows you -- it can be cal-
culated by.a computer very easily ~-- it allows you to> calculate
a regression equation which relates.capacity to the wéight,

a simple equation to calculate.

And if we plug in the ayerage weight of 28,86, we
should get a capacity of 3.56. And this is true I would say
in almost all the batches. There are a couple of cases of
batches that this correlation céefficient‘was very low. And
it is something we would have to look into a bit further.

But out of the six groups of materials we looked
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at positives and negatives, and that means 12 groups, the
relationship held in 9 ofi.the 12 cases, so I think it qould bé
consider?d applicable.

| Now what you can do with this is to actually take
10 pl&tes éﬁt of the b;tch before you run the batch. Before
you actually use it in a cell pack, take the'.l1l0 plates,

run them. You can determine then what you can expect in the

way of capacity from that group.

And by throwing out the high and low, whick is
not a complex matter, we would then improve the.uniformity
of all the célls. As I say, we di dthis with batch 34 and
35 cells. I think it shéuld be in the next slide.

| (Slide.) .

This is just another way of showing what happens
when you take them éut. This particular batch happered ﬁo
be of a very low sigma. Aﬁd we show that we don't remove
any plates here. .This should be .03 for a sigma for this
particular c&pacity group. These were the negatives. And
this particularly is positives.

(slide.)

In the next one we show what hap@ens. This happens
to be the same group of negatives in which we just removed
the one low plate and we réduce our capacity uniform sigma
down quite a way.

And the positives again, this was plus or minus 3
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percent. And ou; values we were looking at were plus or
minus 3-1/2. There was 3 percent here. We didn't have to
remove any plates. And this is the standard deviatiqn
capacity for the‘positiQes.

And so in this particular group -~ and in the
positives we didn't have to take out any.

(slide.)

Now on the next slide I think we show what happened
in the OAO cell selection. In OAO-B, batteries 32 and 33,
there was no selection used. And we see that if we take all
the cells now -- these are cells after cycling -- and look at
the capacity, we see the ranée here from about 149 minutes
I guess up to about 166. That should come out to be 17 minutes,
I don't know if I gave you the right numbers. And there is
a total of 2.8 ampere hour spread.

And in battery assembly 34 and 35, which is the

selection, we see here we've cut down the deviation to 90
minutes or 1.5 ampere hours. And you can see a much narrower
spread.

So in conclusion I would say that although the
weight measurement and capacity measurement of flooded plates
is not a highly scientific type test, it does give you an
indication of the capacity that might be expected from a

group of plates and could be used as a criteria for plate

cerme honeamain e 1 o e Yt < AN AR T
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1|l selection prior to cell assembly.
2 Thank you.
3 | (Applause.)
44 S (Whereupon, at 12:30 p.m., the meeting was ecessed

5| for lunch to reconvene at 1:30 p.m. this same day.)
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194 L | SESSION 2 B
" 2| - ' AFTERNOON SESSION
3 - | | | (1:30 P.M.)
4 HALPERT: I would like to welcome you ;ll back

S5 from ypur lunch break.

6 I do have a couple of announcements to make.

7| oOne is that we have a list out in the lobhy-there, some pages
8 Qith ypur names, a place for name and affiliation. We would
21 1like fo have that for our records. Please make sure you

10l sign that peforé you leave,‘or_sometime this afternoon

11| preferably, so that we can submit séme of those with our

12| - records. ,.

13 : For those ofiyou who did not send mé back a brown
14! card with your name and address and all that, so that we can
15| have your record and your éermanent mailing address, I would
\16 appreciate if you would see me later, during the ne#t

17 coffee break, and I would'be glad to pass them out.

18 - " Thirdly, there is a publication up here, for

19{f those who might be interested: Secondary Aerospace Batteries

20| and Battery Materials, A Bibliography. Some of you have a
21 copy. We have some extra copies, and if anybody is interested,
- 22! come by and pick them up. We hav;.some more copies we can
23| make available if these go.
24> .This afterndon we are starting our Session 2;

:al Repoitars, inc. :
25| Mr. Floyd Ford is our Chairman. Floyd has done quite a bit
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of work on trying to straighten away the problems for the

OAQO battery énﬁ now doing some work with a space'station
modula, and a very capable gentleman, and I present him to you
now, Rloyd Ford.

FORD: Thank you, Jerry.

Welcome to the afternoon session. The topic of
this is Precharge, precharge effects, cell testing é&nd lifé
tésting.

So, as you see, it is a pretty broad topic. It
is going to be somewhat controversial, I think.

f would like to remind the speakers that this
will only be as formal as you want to make it as you are
up here. I had a comment this morning that the gentleman

said, gee, I didn't come prepared for this type of presenta-

. tion. Wéll, really I would like to suggest that this is the

opportuhity, to borrow an ekpression from the Hippies, to
do your own thing.
" So, as you come up, feel free to give your

presentation in any manner you choose. If you have slides,
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if you have a viewgraph, or just have the regular‘chart pape?,
they can he shéwn.

This morning we talked about the process méthods,'
the test on the basic materials for the process, and analysis
qf thé basic materials.

We are going to address ourselves this afternoon'
to the cell processing, actual Qorking up to a piece of

hardware, which ultimately is the reason we are here, every

‘one of us, is that our final goal is to develop a piece of

hardware for flight use.

fhe gentlemen you wiil be hearihg from tlis
afternoon and -- we just worked this up during the lunch
hour -- are Dean Maurer from Bell Labs; myself, Floyd Ford
from NASA Goddard; Steve Gaston from Grumman Aircraft,
Dr. Harvey Seiger, Division of Textron; Sam Bogner from
JPL; Don Mains from Naval Ammunition Depot, Crane; Farl Carr,
Eagle Picher.

Ed éolston of NASA Goddard; and then Sidney Gross

of Boeing. Without further to say, I would like to introduce

Dean ﬁaurer from Bell Labs. N '7:!_ - 2 86 é 5_l

MAURER: There have been several reports recently
concerning the matter of precharge on the negative electrode,

and the general conclusion has been that because the negative
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electrode fades in capacity with long-term cycling, leading
go capacity'fading of the cell, due to negative limitation,
the way .around this problem is to add precharge to the
negative as the cell is assémbled to account for\the loss in
capacity due to fading of the negative.

What I want to show here this afternoon is that
in addition to that precharge or the charged cadmium, we
dlso need to worry about the cadmium hydroxide on the
electrode.

The Bell Laboratories has been working recently
with several of the Western licensees to develop a 23 ampere
hour cell for terrestrial applicatiéns. The enviroament in
the terrestrial application is sbmewhaé more severe than
the satellite environment. The use mode is continuous
overcharge. It is a resérve battery. And the temperature
ranges from a higﬁ_averaging_l20 Fahrenheit, with excursions

to 140 Fahrenheit, and a low temperature of 32 degrees

Fahrenheit and batter< heaters to keep the cell at that

ﬁemperature when the outside ambient gets lower.

:However, the cell should be capable of operating
below this ambient, iﬁ case the battery heaters fail. And
Wwe can expect temperatures approaching minus 40, but‘mqre
likely minus 20 degrees Fahrenheit.

We obtained some of these cells that were'built

to laboratory specifications and we looked -« we also

R&
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obtained plates, samples that went into the cells -- and thesg

plate samplés indicated that for the 23 ampere: hour cell,

there should be the order of 8 ampere hours negative prechargs.

We proceeded to do some experiments oA the cells
to loqk at pressure versus charge rate, and temperature,
and to start out we décided to put the cell down to zero
state of charge by reversing it.

We reversed the-cell and -- by theAway there were
reference electrodes in these cells, so that we could monitor

which electrode was reversing -- we reversed them and found

more like 12 to 13 ampere hours.

- We returned the cell to charge at C over 10 for a
period of'roughly 20 days, and repeated the reversing procedurn
and found that we had an additional 8 amperé hours of negative
capacity.

Now,first of all, we rule out leakage of oxygen
from the cell. These cells usedZe@gler seals, which you will
hear tomorrowAfrom Ed McHenry, are absolutely leak free.

But furthermore, we had helium-leak checked the cells and
also pressure tested them fdr the absence of leaks.

We looked into the.electrode mechanisms for a
possible explanation of this phenemonon., And looking at the
efficiency of the negati&e electrode, it turns out that

roughly 60 percent of its theoretical capacity is used

o
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. phenomenon I described, is that the oxygen from the positive

- cycled for 50 times, in an oxygen bomb, wet with KOH.--"the

99

on cycling initially. This fades to roughly 45 percent in
50 cycles.

The 40 percent of the electrode that is not used
electrpchemically is présent, I am.éure, as charged cadmium.
The work of Dunlop this morning supports this contention.

The mechanism then for- the
on ovefcharge ox&dizes the inactive, the electrochemically
inactive cadmium of the electrodé, converting it to cadmium
hydroxide, but to keep the charge balance in the cells
since nothing is gained or lost, some of the cadmium hydroxide
of the electrode is chafged to cadmium metal. Bu: this
particular material is electrochemically active.

So, in effect, by overcharging, you increase the
quantity of electrochemically active cadmium,

To demonstrate this on electrodes, we put several
ag-received electfodes, aﬁd also some of the ones that had beer
KOH was wicked into the electrode from the bottom of the bomb.
-~ at 90 degrees Centigrade for two days at 100 pounds of
oxygen.

These electrodes then were removed, washed and
dried and then put into 30 percent KOH flooded cells with largs
counter electrodes, and we measured the amount of capacity

that would go into the electrode before hydrogen evolution,
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mnm7 1| before you see the hydrogen'step. Aand this is shown on this

2 viewgraph, alonhg with data from electrodes as received.

3 . (Slide.)

4 And we see that on the first cycle, we get 72 and

51 63 percent of the theoretical capacity in before hydrogen

6l evolution, versus 90 on the oxygen-treatedlelectrode after

7l 50 cycles, and 95 as received withonygen treatment.

8 | On ‘the second cycle, these figures all decrease. The
9 as-recéived electrodes essentially give a constant performance,
10/ but thé oxygen-treated electrodes decline towards the values

111 of the as-received electrodes.

;]2 iSo that the oxygen treatment leads to electro-

13/ chemically active cadmium hydroxide,:’ the electrochemically:-
14 iﬂactive cadmium can be oxidized to electrochemically active
15 cadmium hydroxide. DBut thié fades after cycling.

16 ’ Now, to explain this a bit more, we can look at

17 these typical bar graphs.

—

18 . (Slide.)
19 We have a bar showing the positive electrode and
‘20 the negative electrode with an amount here shown in red as
21 electrochemically inactive. The active portion being the
22 caamium, the cadmium/cad;ium hydroxide that correspoﬁds to

23 the working capacity, and the excess negative capacity.

24 Now in the cell on overcharge, then, we have the

il Reportess, inc. @

05| Oxygen reacting with some of this cadmium converting it to
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cadmium hydroxide, and at the same time some of this cadmium
hydroxide being reduced to metallic cadmium which is now
active, and this gives rise to the extra reversal carpacity
that I mentioned initially.

Now, at time zero, this cadmium hydroxide was
active, as I showed from the bomb experiments. In a working
cell, as it agés, I am sure that a portion of this ceadmium °
hydroxide is not active, and in fact the morethe cell ages,
the more of this material remains electrochemically inactive.
And this can be seen in the performance of one of these cells
on overchafgé.

(Slide.)

This regime was C over 20, continuous charge. One
week at 20 degrees Fahrenheit gave an end of charge pressure of
4 -+ pounds, capacity of 31 1/2 ampere hours. This was followed
by a week at 110, capacity of 26 ampere hours, 4 pounds pressu
One month at 110. That was a month after this week, 4 pounds
and 30 ampere hours capacity. ‘

Then the cell was put at 20 degreesiFalrenheit for
a month, and we find an increase in pressure capacity of
roughly 34 ampere hours.

This pressure increase was not -- was gradual
initially for the first ten days or so. The performarce was
éimilar to the performapce the first week at 20 degrees. But

eventually the pressure started to increase and builé up to

e“
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the higher values.

NOQ I should giQe you one other piece of data and
that ig that this cell contained about 46 ampere hours
electrochemically active material, on the negative. The
positive electrode was rouaghly 34 and with 8 ampere hours put
in as p;echarge cadmium, you see we aré close to the total.
electrochemically active cadmium capacity of 44. So that
only a gmall change in these staﬁes of charge, only a small
shift Sf this material inﬁo an inactive state, would get you
into a dangerous region of running out of'cadmium hydroxide.

(Slide.) r

And this is in fact then what happened to give
rise to this pressure buildup. .

So what I am saying is, that in addition to the X
ampere hours of precharga]cédmium that you put into the
electrode to account for cadmium fading with‘cycling, you need
also to be sure to have a large excess of cadmium hydroxide
probably at least equal to the toﬁal preéhdfge plus electro-
chemically inactive cadmium that the cell has iﬁ order to
assure a reliable performance over an extended period of time. :

(Slicde,)

One more piece of data I will show is the cell with

the 8 ampere hours of precharge was charged at various rates

and temperatures, giving these type of data. This is roughly

C over 20 and C over 5 for this cell, and these are pressures
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in pounds per square inch absolute. The cells are evacuated
before they é¥e cycled. 85 Fahrenheit down to minus 20.

So we have at least zero degree performance. This
only 18 pounds absolute pressure at the C over 5 ;ate, so that
if we maintain these design principles and add the improper
amount of excess cadmium hydroxide to the cell, this cell
should reliably operate for long periods at elevated
tempe;ature. |

| I want to add at this point, a plug for the
electrochemical impregnation process on the negativza.

As you heard this m§rning, these electrodes have
not faded with cycling compared with commercial electrodes
which did, allowing you to design a cell with principles tgat
I have just described, having a two to one total cadmium to
positive ratio -~ I am sorry -- flooded ratio of tw> to one,
and B0 percent of-the cadmium hydroxide will be utilized,
compared to something which fades down to 45 or 50 percent on
cycling. This scales up ihto a cell which has a thickness of
1.6 inches for the electrochemical negatives, and 2.7 inches
for commercial negatives, so that the cell with high
reliability for long-term overcharge, and I imagine also
for cycling with the electrochemical negative, would have

a higher energy density.
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(Applause.)

FORD: Thank you Dean.

At this time we will entertain questions.
SULKES: In your, roughly, 5 weeks of 110 degree

overcharge, especially with the internal temperature of the

éeparator has been attécked, which would result, of ,course,
in thevbuilding up of your cadmium capacity.

.. Have you back-calculated how.much-of that has
actually taken place?

MAURER: I haven't made the calculatibn, but
based on some experience with separator degradation, it
would not be appreciable in that period of time.

I agree that it would be in a longer time, 6 months/
perhaps. Bgt these cells alsolhave polYprobylene separator,

DUNLOP: Dr. Maurer, you talked about the amount of
adjustment- of your precharge with respect to yoﬁr discharge of
cadmium fof overtime proteétion, and you said that;you should
have an equivalent amount of cadmium -- discharged cadmium
aboye the positive capacity to match the --1I think what
you said -~ the prechargeAplus the electrochemically inactive
cadmium. Is that correct?

MAURER: That is right,

DUNLOP: It would be about an equal ratio bétween

the two?
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MAURER: Just as a rule of thumb.

DUﬁLOP: Another -- were you talking about a cell
for what application?_

MAURER: I am talking about a cell for é long-term
overcharge applications, but I would think the same principle
would gpply for cyclic applications as well, becausea
essent}ally the same sorts of things eventually happen. The
negative becomes inactive.

If the cell didn't see very much overcharge at all,
then these pfocesses would be slowed down apbreciably, of
course.,

DUNLOP: Have you had any experiences with
discharging, or depth of discharée as to how it affzcts the
utilization of the cadmium?

MAURER: Essentially, no. Most of our work has
been with 100 percent depth discharge on cell cycling. Tﬁat is
down to eight~tenths of a volt.

- DUNLOP: Does this influence fhe utilization of
the cadmium? |

MAURER: I think it would.

I think the deeper you discharge, the more likely
you are to isolate cadmium,

DUNLOP: Okay:

And another thing I would like to mention here is

that we do pretty much ~-= initially we support vour initial
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1 statements that you may find a large amount of active cadmium
2 in your platéé, which cannot he discharged electrically.

3 But if you do discharge it electrically, either

4 by an oxygen recombination ?rocess, or by a slow éischarge

5| process, then that you may be able to utilize this for a

6 short period of time, but it may go right back eventually to
7 the state where you can't utilize this. | .

8 | | MAURER: I think a lot of us have taken cells

9 apart‘and found that part of the negative was out -- in the
10 separator,‘for éxample. And I can't imagine that that will
11 ever become very electrochemically active in an ancient cell,
12 let's say.

13 LEUTHARD: Leuthard, Martin Marietta;

14 Have you done any ﬁesting, or would you like to
15 commentbon the effects of high-temperature exposure for long
16 periods of time on the negative, process to the precharged
17 and the uncharged negative?

18 . '»I am thinking specifically of something like 135

19 degrees C for-maybe 100 or 200 hours.

20 MAURER: We have not looked into that temperature
21 range with any of the sterilization problems.
72 Most of our high temperature is in the rieighborhood

23 of 140 Fahrenheit, which is 55 degrees C.

24 So, no, I don't have any experience in that, of

I Reporters, kre.

25 the type that you are describing.
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High temperature of the type I described I think
gives rise to material out into the separator, probliems of
this sort. Carbonation of the cadmium, if we had nylon

separator.
LEUTHARD: Thank you, Doctor.

FLEISCHER: Have you looked into the uniformity

.of distribution of the charged cadmium on various plates,

after you~have had them on charge and overcharge for a while?
MAURER: No.
. if
FLEISCHER: Because obviously/’your electrolyte
distribution changes at all, you'will‘chahge the current
density on different plates, so that you actually do not
have a defined condition in these tests, until you have

established that there is a uniform current, and that we may

be deducing figures that take place on a smaller amount of

the plates at higher current densities that correspond to what

- your overcharge current is.

MAURER: Well, except that the cells gave the
capacities you would expect to see. And if much of the plate
became inactive due to electrolyte redistribution, then you
wouldn't expect to see the capacity as high as it wes.

The cne month at 20 degrees, followed by all of
those other months, was giving 34 ampere hours.

FLEISCHER: But you started with 8 ampere hours

excess cadmium, which doesn't change.
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- MAURER: Right. But if we had much redistribution
of electrol?té, you would expect some of the positive electrode
to beéome inactive.

FLEISCHER: But it may not take very much distribu-’
tion. YOu also have to assume that your reaction is.always
taking place over the same area, so you are consuming watgr
and not changing the concentration of electrolyte in certain
ﬁlaces;

There are a number of things that can heppen if
you analyze the Whole problem completely, so that your
tests should be followed up by analysis of the negative plates.

MAURER: Yes.

‘FORD: I beliéve we hAQe a queétion in the rear.

CATHERINO: Catherino from General Elee:ric,

The statement wés made, actually that you repeated
the second time, concerning the extent of fading of a
commercial c§dmium plate.. |

Now I am sure most of thé people here uriderstand
it, but for those who are not aware of it,the statement should
be taken with a grain of salt.

MAURER: 1IN what sense with a grain of salt?

CATHERINO: This business on utilization.

A commercial plate, after being cycled for a
period of time, and the quoted figure was -- the inplication

was -- that all commercial plates fade to 30 percent, to 40

-
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percent. Well, this isn't true.

MAUgER: That is right. I agree with you.

The specific commercial plate that I am talking
about faded 45 percent. I know other commercial plates fade
different amounts.

FORD: Yes?

RAMPELL:f Rampell, Geheral>Electric;

You mentioned the_cadmiumvhydrate'in the separator
being électrochemically unavailable.

I agree with you, but there is one time that it
becomes available, and that'is.during reversal. You will
reduce a certain amount of it, which will give you a short
after you go below zero volts in many cases, and fhat adds-to
your so-called total negative supply.

And that should be taken into account when people

‘reverse cells to get the total negative. We found it

preferable'tb remove the separator and open up the distances

betweep electrodes in order to get an accurate negative
capacity. |
‘ MAURER; These cells that this work was done on,
werelquite new, so that the amount of cadmium in the
separator was not appreciable ‘at this stage.
Also, the oxygen pressure buiidup was fcllowiﬂé
a linear relationéhip,wﬁich indicated that the current was

not flowing through shorts.
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RAMPELL: Now, one other item.

After you cycled the cells, or else maintained ié
oh oGércharge at 110 degrees for about a month, you developed
a subgtantial anount of inactive cadmium, and theresfter you,
I a§§gme, more or lessiimmediately went back on to 20

degregs Farenheit, and of course, produced higher charge

- voltages and higher pressures. -

However, perhaps if you had gone from the 110
degree Farenheit regime to a room temperature regire, you
would have had a mechanism of okygen entering into producing
again a more active cadmium elect:déhemit&l reactive admium,
and then if you put it on.20 degrees Farenheit, you might
not have.gotten the same results.

| MAURER: That is possible.

Right. If we had --

RAMPELL: The reason I am bringing it up to you is,

in satellite applicétions, where you haveAa cycling of
temperature and pressure, they may not havé the sare outcome
as was inferred.

MAURER: Right. Yes.

: TheseAtests have no conditioning between one set
of femperatures, and the other, and the reason, of cdurse, is
obvious, that on the telephone pole you can't do any
conditioning. |

SULKES: Just one question,
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When you reversé, you are using this technique of
puncturing the cell, is thét how you are doingAthat?
MAURER: We have a valve and pressure transducer on
the ce%l.
And the way it is done, the cell is attached to an
extra yplume initially evacuated, and the gas fldws into
tbis extra volume, so that we are not pumping on thz cell_'
all thg time.
- . conc? T it " -
FORD: Any other guestlons? 7 N71 -9 8666
" On inactive cadmium, loss of precharge, high
temperature sterilization?- |
Thank you, Dr, Maurer,r
weratts Since the first subject was related
to precharge, and my talk is also rélated to precharge, I ' i
théught it appropriate tha£ I present the ﬁwo slides that I
have at this timé for discussion._. |
This data that I am going to preseht, resulted from

a recent build of an OAO battery,where we actually, for the

first time, quantitatively measured the precharge that the

cells received. But I think I need to back up a little bit

.to get you into the right frame of mind, ¢f what the state

of Charge of the negative electrode was prior to the precharge§

adjustment, so we will go back to the formation Or the i

i
electrochemical cleaning, whichever you prefer to call it, where

i

the plates are charged and discharged in a flooded bath. The |

i
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cells were discharged to .75 volts to measure the positive
plate capacity.

They then had a resistor placed across the cel; to
bring it down to less than one-tenth of a volt. When'all
cells in a series string were bhelow thisAone—tenth of a volt,
they wgre reversed-at C over 10 and the reversal was to carry
each gefl to a minus two-tenths of a volt.

'Now, with a little background on this, we had
seen same data previously where we had‘reversed cells to a
minus a half a voit, and we felt like from the data we had
at that point, that the minus half a volt revefsal did
indeedvhave some effect on cell performance. We are not
so sure of. that today, since there are other complications.’

Now in this cage, the negatives were discharged
against fhe positives in a flooded bath to minus two-tenths
of a volt on each cell.

It is interesting to note, before we did this, we
lqokéd at the amount of excess negative versus voltage, and
this minus two-tenths of a volt represents about 80 percent
of the excess negative being in tﬂe discharge sﬁate. This is
80 ?ercent plus or minus approximately 5 percent, which
means that we left 20 percent of the excess. Remember, I am
saying excess negative, not total negative. We left about
20 percent of the excess in the charged state at the end of

the formation discharge.
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washing and drying, we pulled 10 more samples out of the lot,

L1s

, Following this, we pulled two sampleé from each
lot of 50 cells, and we did a -- we measured the residual
prechgrgeAleft prior to washing and drying.

| | Out of 10 samples we measured precharge in the

amperg hours of 1.1 to 2,3.

The reason I point this out is immediately following

and thg prechérge as measured, which we -- I am sure most
of youv have seen the term (Tml) ‘ the precharge was mea=
sured to be zero, so:the gquestion arises, what happens to the
precharge that remains in the negative at . the end o: the
formation discharge? Why can't you measure that af:er
washing and drying?

I don't have the answer to the gquestion, and
perhaps we can discusé it a little later. -

‘Thé reVersal_I am talking‘abOut for measuring the
prechargé is that in a flooded condition in a C over 2 raﬁé.

The next step, gfter reassembling the plate for
the flight hardware into cells, KOH was added, and then the
cells were subjected to a precharge adjustment cycle. One

point on the addition of KOH.

v g - P

From the recent buildwe now have data that says

if you initiate the precharge adjustment in a very short
i
time period after the addition of KOH, and using tle prechargeg

step that I will define in a minute, you will get hlqhervleveéh



o : . 114

mnzt 1 of precharge than you‘Would if the cell had soaked for at least
2| two or three hours.
3 The precharge cycle consists of a vented charge
4 for.a given ampefe hour>input. The reason this method was
5 used -- it has been used on all OAO batteries that I have
| Deen associated wiﬁh.
7 And I termed this initial precharge cycle as a ’
8 Qirgin'cydie. The virgin cycle being defined as the first'
9 cYclé7aftef‘£he additiop of Koﬁ.
10 ‘We héve further data now that'says that you get
n different results if‘ybu do the ptecharge-on the virgin
12 cycle.or do it one cycle later,_ﬁhich we can get into that
13 later.
14 I want to point thgse things out as we go along,
15 because they are a;l-sﬁbjeEt, they are all subject to
16 controversf and I am sure other people here will have had.
17 experience that may contradict this.‘
]é At this timé, though, I would like to show you the
19 effeqts on overcharge as a function of precharge..
'20 Now what we did, rather than chanée the process
” ‘as most of you peoéle that work with flight hérdware programs
- know, you will do anything to prevent from changing a process
93 that has been qualified. So, in order to prevent this, we
” took the next best step and we set up apparatus with the-
W“Rmemlgg conjunction of Gulton Industries and Grumman Aircraft,rthe




nm22

10
1"
12
13
14
15

16
17
18

19
20
21
22
23
24

! Reporters, Inc.

25

b 115

!

prime; to colléct the gas dufing this many charge peribd.

Coﬁid I have the first slide, please?

(Slide.)

I think we should dwell on this slide for several
minutes, because I have tried to portray several things here.

On this axis you haw the ampere hours of precharge
as determined by measuring the oxygen involved durirg the
pfecharge adjustment. This is ampere hours equivalent
calculated by knowing the free volume of the cell ana how
much oxygen was involved.

dn this axis you have the cell pressure &t a
function of precharge, and this test, the pressure tha£ is
shown here, is the result of a 2.3 amp 4-hour overcharge at-
32 degrees C. |

As part of the standard cell selection test in
selecting cells or matching cells to go into flight battery.
we have three overcharge tests, one at room temperature,
one at 40 degrees F and one at'92 degrees F, I believe.

The worst case pressures observed were at: 92 F
br the 32 C as shown here. And this is the reason I chose
these.

But, before we discuss the effects of the pressure,
you have here, if you will note, this represents a.cell,
that répresents a second cell and ﬁhe top line represents a

third cell. So if you look initially, without regards to this

f
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axis, you will see what the distribution of prechar¢ge was on
these number of cells for a fixed ampere hour input. It says
our precharge ranged from one to approximately five ampere

hours.

Incidentally, I plotted these to be =- represent

- eaéh block to represent half an ampere hour. That is

‘the redson I did this to simplify the graph.

So as you see, the results was quite a range of
prechérge and its effect is that as a precharge was less,
the pressures on.the overcharge were higﬁer. In this case
we had two cells greater than 90 and each one of these blocks
we had one cell greater than 90 PSIG.

As the precharge increases, it is quite obvious
that the overcharge pressures decrease. And I can point this

out by saying if you will simply compare the number of units

that is represented in this block, compared with the number

of units represented in this block, it is not one of a
statistical distribution,thé fact is that you do have more
units here.

Now'forfunately, we only had a couple of units that
got up to five amperé hours of precharge.' Whyrdo I say

fortunately? Simply because of the fact that I believe for

- low temperature application, ‘high levels of precharge is

the most detrimental thing that you can have. The excess

negative on this group of cells was in the range of 8 to 12
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ampere hours.

If you look at 5 anpere hours, 5 out of 8 is a
pretty large percentége of the excess negative being used in.
the precharge. | -

In another test that followed this, we used this

uniformity, to get the overcharge characteristics that you:
would like, and yet to stay in the lower 50 percent of the
excesg negative to precharge, that you could use about
311/2 ampere hours of.the negative as precharge.

So, to follow this we carried 10 cells tarough
using a controlled.precharée. The idea was, that if we
could control the amount of prechérge and not chang= the
process, then we COﬁld bring ourselves into this group.

vHowever, it Has beeh observed tﬁat on this
particular.precharge technique during the charging period,
thatthe cell voltages wera fairly high. I think Qe typically
saw end oﬁ charge voltage like 144, 145,\a;d it was also
observed that there was some correlation between the ampere
hours of precharge and the end of charge voltage. It was
not sufficient to use it as a qguide - to select or to
predict what the precharge.level would be.

So on 10 cells we decided to try an experiment.
We carried the 10 cells through and we took out exactly}_

or approximately 3 1/2 ampere hours of precharge on ~the 10
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mm?ﬁrﬁj_ﬁ.cells.
o However, we tried a different method, because

3l we wanted to be able to control or limit the amount o»f pre-

4l charge we obtained. We used the same charge rate, s> as a

conseqlience, the time had to change.

The additional change that we made was that we
7 went through a sealed charge on the virgin cycle. One
3 charge C over 10, 24 hours C over 2 discharge in one volt.

And then we set the precharge on the second cycle.

?

10 We used the two methods. One was what I called

11 ‘oxygen free venting, when we cqllected'the amount ofgas, as we
12 didrin these cells. But we limited the time that we stayed
']3 onlcharqe, in order to get dpproximately 3 1/2 ampere hours

14 of precharge. That was the five out of the ten cells.
150 - Five more of the ten cells we used what we have
16 referred to as incremental pressure venting. You charge

the cell up, you go into overcharge, and you, as the

17
18 pressure builds up, you vent the pressure out.
19 As the results of the tests of these ten cells --
‘20 first of all, I think it is safe to 'say that thére vas no
21 difference in the overcharge pressures using the two methods.
22 'The overcharge pressures, however, on all ten cells, had
23 shifted from a minimum of abou£ 31 up to 68. I have-a
04 graph that I think I can put on la#er on this machine.
! Regorters, Inc. | The point I want to make is that we did observe

25|
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that by adjusting the precharge, not on the vifgin cYcle’butt
on the second -cycle, and to our khowledge, this is the only .
differgﬂce because it is the same plate lot that came out of
tﬁe same formation group et cetera. This is the only
difference that caused the pressure to incréase.

After we céncluded this, we decided that we
should take a look and see what the results of measuring the
precharge would show.

I think of all the things I héve seen in working
with Battefies, this is‘the most misunderstood piece of
information that I have come across. |

(Slide.)(D

This is a summary of méasuring the -- of the
precharge measurement as we define TN-1, and let me reiterate
what TN-1 is. TN-1l is the ampere hour capacity that we can
measure in.the'cell between zero volts and,minus one volt.
Supposedly this is the ampere hours of precharge.in the cell.

. Because of some previous work we had completed at
Goddard prior to this production, we had observed that the
number was a funcéiqn of whether the cell.was flood=d or dry,
it was a function of the rate you.used.

As a result you see the 2-amp and the 10-amp data,
the starved versuslthe flooded.

It is further characterized to TN-1 measuired

immediately following precharge adjustment. In othar words,
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SUMMARY OF PRE-CHARGE TEST
OAO BATTERY ASSEMBLIES 34 AND 35

CELL'S N| AMPERE-HOURS | AMPERE-HOURS|PERCENTAGE | RATE | CONDITION| COMMENTS
0. EQUIVALENT | (MEASURED Ty {AMPERES) '

501 6.15 4.20 68 2.0 STARVED
524 6.69 4.60 68 2.0 STARVED r
1557 3.50 1.0 28 2.0 STARVED
1477 3.30 1.17 35 10.0 FLOODED | Tn, MEASURED
1505 4.61 2.50 54 10.0 FLOODED | IMMEDIATELY
500 4.95 2.55 54 10.0 FLOODED | FOLLOWING
507 2.66 T 41 10.0 FLOODED | PRE-CHARGE
513 7.48 4.35 58 10.0: | FLOODED | ADJUSTMENT
516 6.10 3.08 50 10.0- | FLOODED
527 2.78 2.05 73 10.0 FLOODED l
496 1.69 1.50 88 10.0 FLOODED 1
1500 2.20 0.01 00 10.0 FLOODED |
1521 2.49 0.20 08 10.0 | FLOODED |Tnr MEASURED
1529 2.66 0.00 00 10.0 FLOQDED ~o~%:='so~
1533 1.15 0.02 00 10.0 FLOODED |~ 0o 1T
1539 1.12 0.17 15 10.0 FLOODED | oo orns
1571 4.94 4.7 84 10.0 FLOODED TEST
1577 4.42 4.87 10, 10.0 FLOODED =

VoIl
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after the precharge: were set in the cell by the aetion
venting and collection, we discharged the cell and proceeded
to reverse it,

The second was cells that were pulled ubon‘

completion of all electrical test, including cell selections.

‘This is a cell as it would go into a flight battery.

I cail your attention again, you see the range
of.preCharée, and you see some numbers here that did not
appear in the previous graphs, simply because these humbers
were not indicative of the flight hardware.

These two cells were some of the first test cells
that went through to look at the technique for measuring or
collecting the gas to determine how much precharge here was.

If you look back in the history of the cells, there

was a relatively short stand time between the time :he cells

were activated and the time they were put on charge, for the

initial precharge adjustment.

I calculated the percentage of precharge that
we actually measu;ed, based on the ampere hour equivalent
calculated from the gas that was involved. And as you note,
thefe is some correlation here as loWzs 28, as high as 88
percent.

But when you get to‘a finisheq cell, a cell that
has gone through approximately two to three weeks o: testing,

you find the correlation is even poorer. IN one case you
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get 110 percent.

NOQ; what does that mean? I am not sure I
understand it today.

What this tells me is that the test is ho good.
There has got to be a hetter way of doing this. And I hope
people aere have some ideas about this.

We do have one glimmer of hope, and that is, I
point out all these measuremenﬁs, that precharge weré made
with the plates in the case. In other words, the ceil was
still sealed in the sense thét it was vented, but we just
opened the -~ took the valve off at the Swagelok fitting,
flooded it with the electrolyte and ran the test in that
condition,

There is some data that now indicates that if you

.pull thevcgll out of the case, run it,las I believe the

gentleman from General Electric suggested, you run .t in an
open flooded containeyxr, that thgse numbers will be mnore
indicative of what these say it should be.

The one thing I am concerned with todéy, is the
fact that we are talking about getting the best battery life
at zero to 20 degrees C operation. And I have not seen anyone
show the necessity of having high levels of precharge in cells
for this type operation. |

I pecint out that I am very much aware, be¢ing the

technical monitor of a contract with General Electric, where
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they did a study of characterization of control and‘
recombinatiéﬂ of electrgdes.'They.tested at 25 and 49 |
degregs C and they Qere able to show that the cycla cépahiliﬁy
at thgse conditions they were testing at high deéths, was
relétgd to the amount of precharge.

However, I do not‘believe at this date that the
same thing hblds true at low temperature. I feel *he most
important characteristic that you have to deal with for low
temperature applications; is maintaining a very}iarge excess
of uncharged negative in the cell.

‘And with that, I will conclude.

(Appiause.)

Now, I will put on the other hat..

Any questicns?

Afes, Jim?

DUNLG@P: One question, why is it that you don't i
thipk'you can reverse that cell, and yet'**ﬂ electrochemically
measure the precharge?

FORD: Well, it is not a fact that I don't think I
can do it. I know I can't do if in some cases, Jim.

DUNL@GP: Do you have any kind 6f a reason or
explanation as to what you think is happening?

FORD: Well, I could give you one, but it wouldn't
be mine, and I would préfer to invite the gentlemar. that:

explained it to me -- I think he alluded to it a minute ago.
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RAyPELL: The separator is loaded with cadmium
hydra?e.  |

DUNLOP: Is that a new cell, or is this the cell
that has been cycled for a long period?

I dgot the idea these were new cells.

RAMPELL: If the cell has been cycled a few times,

four gr five cycles, you are already pretty well loaded with

cadmiym hydrate. You can prove that to yourself by opening

up the cell, taking out the separator, putting it in basic
KOH and some sodium sulfide. The separaﬁor will turn canary
yellow, showing the cadmium sulfide distribution throughout
the separator. It is there prgtty guick.
Now, as you étart the reversal, and actually get
below zero volts where you are generatiﬁg hydrogen from
the positive eiectrode, of coursé electrons are going over,
these electrons will start to reduce the cadmium hydrate
adjacent to the plate on a separator, andvyou will start
drawing c&dmium dendrites, just like you do in zinc, and
you will get partial shorts. Some of them can be quite comple
Noﬁ naturally, the Qlder the cell gets, for example
at the point of cell selection that Floyd had up thefe,
your separator is really loaded and you can get a good short
ﬁretty fast.
FORD: Let me clarify a point.with the last SIi&e.

Could I have the last slide, please?
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| 1 ‘(Slide.)
2 ‘ 4Tﬁé numpers I éhowed for TN—l are the ampe;e-hours
3 measﬁred in this column here, is the ampere hours that we
4 '‘measured to minus one volt.
5 All these cells were capable:Of being reversed.-
6 Iﬁras only beeﬂ in situations where the ceils had received some
7 cycling -and in some cases, extensive cycling. We just
8 fecentiy e#perienced a éell, after about.3500 cycles’at
?! 20 degrees C, exhibit this characteristic. The same cell,
10/ when pulled out of the case, without removing the séparatér,
11 I may poin£ out, the same cell, when put in a flooded bath,
12 ié capable bf being reversed.
13 I can't help but believe that it is also a
14 function, it is partly due to the cadmium migration in;the
15 separator, but it is also a function of the pressure that
16 builds up in the Ce11 over the lifetime of the cell.
17 We have some numbers that indicate now in that
18 particulaf cell, using the numbers on plate thickness early
19 -=- at least on, call them virgin plates -- compared with
20 the plates that came out of that cell, it says that if you
21 take the expansion of the positive plates over the total
22 number of plates in the gell," © 7+ at 3500 cycles
23 we have another positive‘plate in there,the effect on
24 thickness. That is what it amounted to;
[ Reporters, In:.
25¢ Any other questions?
|
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MAURER: Just a question on, when you set the
precharge, ydd say free Venting, you mean that you open thei
cells to the atmosphere and allow the oxygen to escape?

FORD: In this case, the free venting, it was

" open to atmosphere pressure, we collected the gas in graduated

cylindgrs, by displacing water. .

FLEISCHER: I am a little confused about your last
statemagnt during your talk about the need for precharge, or
the lagk of need for precharge.

It might be é good idea to explain why we do put
precharge into these cells.

FORD: My understanding : on why we do or why we
didn't? |

(Laughter.) -

‘FLEISCHER: Well, let's have a starting point.

(Laughter.)

FORD: Okay. It is_my belief that precharge was
put into the cell to offset the effect of negative capécity
féding. |

FLEISCHER: But there is more than that.

In order to get capacities at high rates, that
you are running these cells at, we will say at C over 2 and C
rate, you have to have more active negative than you do posi-
tive. As your temperature goes down, the ratio of active

negative to positive tha: you need, increases.
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Actually at minus 40 in a flooded cell you should
be at a ratio of 1.8. So there is a very definite reason fbr
having precharge, and_I think this is accepted among all
battery manufacturers as far as i know.

The reason for precharge is to allow for the high
rate discharge and'fof low temperature operations;

So you coulén't very well be without it unless fou
have a very low rate cell for operation. |

FORD: Oh, I am not suggesting we do without it
completely.

| I am suggesting that we minimize the amcﬁnt that

we put in the cell for -- and in particular maybe even take

into consideration the application of the cell and how much

precharge.

There is no question in my mind that if vou got an
applicatioﬁ from 25 to 40 degrees C, that you had better be
blessed with precharge if you want that cell to last.

- But on the other hand, if you have got an
applicationfffom zero to 20, you don'£ haQe to have as much
precharge. You want to maintain your overcharge capability.

o Yes, Dr. Maurer?

MAURER: vaonder if I could drag the portable

mike to the board? ‘

FORD: Okay, be my guest.

MAURER: I agree with you that for low-temperature
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application we need cadmium hydroxide on the negative..

And; let's see, Mel Gotleib at BTL éround 1964,
or 1965, presented a paper in which he shows the polarization
of thé negative electrcde versus the percent capacﬁfy
feturn as a function of rate. And for low ratés you ggt
curves that look like this,‘where this'step occurs around
100 percent. And as you got to lower rates, these step baék,

so that the higher the charging rate, the less capacity you

.can get into the negative before you go to hydrogen

evolution.

Thése same sort of curve would apply to the same
rate, but lower temperatures, and so the lower the temperature
you go, the sooner you get into this step. Sb if you plan_to
use your cell at minus 20, then you need a greéter amount
of‘exceés negative_than you do if you only plan to operate at
room témperature._

The precharge, on thg other hand, is there for
several reasons, and Dénnis Turner reported in'é64, I guess,
in the‘Journal of'Electrochem Technology, a study of the
efféct'of precharge on flat plate and cyliﬁdrical cells, and
showed that the oxygenvpressure was a stronq_function of
precharge in these cells. .And alsovthat the pressure that
you get to for a given stated.amount of precharge, depends
on whether you do or what you do to the cell.

So that, for example, if I plot here -- well, he
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used the ratio of cadmium to nickel charge capaéity, so that
one on this scale represents novprécharge, and this would be
the oxygen pressure. And by varying this ratio in a civen
ceil by either taking out oxygen or adding it, you.have got a
hyste?esis going down. You have got a curve that looked

like this, and going up, a curve that looks like this.

And furthefmqfe, if yéu stop at this poini, and
cy&le ﬁhe éell for a while y§u will find that'the pressure
dro?s to this poiht. |

S0 'that-in adjusting the state of charge of the
cell, ?ou neéa.fo dé cycling before you make measurementsj
on parameters like pressure or cell‘voltage. |

And of coursé,the other reason for precharge, as
I discussed béfore,.and that Dunl;p has shown in the GE
_report,has.showh,‘that the precharge is pﬁﬁ in to account
for the fading of the negative capacity, which is a different
amount, depending on who manufactured the cell;

"IN one case we measured 45; Ilguess}GE has
something like 60 or something like that, as a minimum capacity

DUNLOP: Jusi one comment.

The data that Gottleib has there;, that was done wit

a flooded plate, isn't “hat correct?
MAURER: Yes,
FORD: Any other questions?

STEINIAUER: Do you feel that we can come up with

k

bt e g e
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numbers of precharge applicable to all, or is this going to
have to be custom tailored?

MAURER: I will make one answer. I will say it

FORD: I will agree with that.

I think the problem is that -~ one of the problems
-~ they have geveral - is that there are so many other
&ariationé in the cell parameters that affect characteristics.
As the first graph clearly shows, there is really no
explanation at this point, at least»I don't hdve one, why
with-1 1/2‘ampére Bours of precharge, you get the spread in
pressure from say 20 to over.lOOIPSIG. |

I think at thafvpoint the effect of precharge is‘
secondary, and these other figst'oﬁder effects.

:So yes, I don't think we can say for a 12 ampere
hour cell -- I think we should even :tailor it: for-the applicar
tion, too. For synchronods orbit I think you have a different
need for precﬁérge thanvycu do ‘on é near earth orkit.

I think we are éetting into the era of tailor
making cells to fill an application. Unfortunately, we don't
havé the tecﬁnology ﬁu do that at this state.

UNéER: Unger, Goddard, Space Flight Center.

I did a lot of this work that Floyd is talking
about as far as the mechanics Qf measuring things. ﬁut‘what

I want to say is, right now to recemphasize what Floyd just
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said about ta%lor making cells.
| I think in general, particularly in the history of
spacecraft cells, Qe have been operating with cel%s that
were fat, cells that had two to one negative to positive
available material of ratios. Also cells wﬁere‘we only
'used the top five, ten, fifteen percent of the capacity
in cycling. ~and under those conditions, I think fhat we -
got away with a lot of —- well, I don't want to call them
hit or-miss, just call them empirical operations, where
we didn't know just how much of the actu;l material in the
plateé was available fcr vardoﬁs types of.things, either
'electrical cyeling, or oxygen recombination, or what have you.

We didn't krow precisely what the relative statés
of charge the electrodes wefe. We didn't know how much pf
the excess cadmium, that is to say, was discharged, as
cadmium hydroxide; and therefore constituted:- bvercharge
protection, and how much of it was cadmium metal, which
constitutéd precharge apd how much of all of that was availabl
under certain conditions.

We didn't have to answer these questions. But it
Just happened that we were using the cells that had enough

capacity so that we didn't get into trouble from fading,
whether we were a little close to the bottom or the top of
a relative state of chart plot, and we were just not operating

the cells as severely. We weren't trying to cut the actual

W
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amount of material in thza cells as close as possibie to the
predicted‘uségé: |

And I think that we are-running into problems
now, because we are trying to get as much utilizatior as
possibie out of the cells, and now no longer can we say

empirically that if you do it this way, the céll works right,

because now the cell is not being worked in the same nanner

and it is not working right.
| I realize that is a very vague statement, but I
think that it lies at the bottom of the pfqblems that we have
been having, the problems that we: are anticipating.
I don't see how we can force the cells to give us
more“réliable, more'predictable behavior unless we, in turn,

control the way they are manufactured, so that we, in fact,

. are giving them the reliable and predictable characteristics

ourselves.

STEMMLE: Stemmle of Goddard.

In Turner's paper of 1964, he recommended a way
of setting precharges, which I thought I would mention here,
and that is that you keep venting the charge through some
sort of a valve arrangement at the pressure you would
like to start to maiﬁtain at that rate of overcharge,'and
eventually it will stop gassing, and maintain that bressure.

What he did was when the precharge level was low,

like zero, say during the precharge step =you are clrarging it

JR——
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L up and you have reachecd fuil charge on both electrodes, at
2 that point, ﬁﬁe recombination ability in the negative
3 electrodevis guite low and it has to be more charged up.

4 So pressure would build ép and

5| more gassing coula occur.

6 | » But as the regative electrode got more aad more

7 charged, its ability tc recombine oxygen increased, and so

8 the stéady.state presstre was 1owef.

9, - . So perhaps it wduld be a good way to look at, or
10 just mightrbe a method of tailor making itself, if you are

11| going to use it for low temperature regimes, perhaps you

12| should set yéur precharge. at low temperature, and specify the
13} overcharge pressure you would like to see the cell have at
14 your chosen overcharge rate,

15 4 FORD: Ohe other’quick one. I think we have

- 16| coffee ready'outside.

170 REED: Reed; Battelle.

18 I am not sure whether I understood what you are
19 saying right or not about no£ being able to reéove; your

20 precharge éfter washing and.drYing,;but being able to do it
21§ if you did it immediately after, is that correct?

22 ' FORD: Yes. |

23 REED: Well, could I ask you first how youa did

24! your washinag and drying?

t Reporters, inc. | . »
25 Was this done under oxygen free conditions?
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FORD: No.

REED: Okay, well, that is what I suspected,
because we have done similar kinds of things wherq'we have
discharged the cell down to the one or zero volt linit in a
sealed condition. Then we have opéned it and washed it in
our nickel soxhlet extractor, under a nitrogen atmosphere, .
dried it in vacuum, then charged it in the flooded condition to
e#actly the capacity which is removed in the sealed condition,
and tﬂen further discharged it to show which electrode was
limiting. And iﬁ the cases we have found the cells were
indeed positiye limiting. And we could get further discharge
from the negative even after washing and drying under these
oxvgen free conditions.

FORD: fTHank you.

An attempt is made to minimize the contact that
the plates have with the atmosphere. They are kept submerged
under water throughout the washing, but they are dried in the
air, | |

Any other questions?

RAMPELL: A possible explanation for the drop in
pressure to the amount of precharge. But in any event, in
going up in precharge guantity, you are also ventinc out --
well, for 3 ampere hours, roughly another CC of electrolyte,
say, and also you'are increasing thé void volume by going from

cadmium hydroxide to cadmium.




mél

d #1

t #2

(3]

3] Reporters,

10
11
12
13
14
15
16
17
18

19

23

24
ne.,

25

voltage increase as a function of age. -

e | 134

_FORD: Thank you.

Aﬁ§ other points?

If not, we will take a ten mninute break for
coffee. - “
(Recess.) . T N‘71;28667
FORD: May I have your attention, pleése?
.Gentlemen, our next ﬁresentation is by Steve
Géston; of.Grﬁmman Aerospace Corporation, and his topic is
Low Témperature Overcharge on the OAO Battery and Cells.
Steve Gaston.: |

GASTON: Iﬁ working with: the OAO batteries,iwés
have observed certaih trends, and specifically one of the

trends which we have observed is a low temperature overcharge

This study entails a review of four OAO hattery
and cell lots with respect to the:. overcharge voltag:2
cha:aéteristics, andAthe plus'30, plus 40 dggrees F tempera-
ture range.

These low temperature overcharges were conducted
at specific intervals and after cell reconditioning.

(slide.)

The first slide shows the overcharge voltage
profiles for cells in sealed -- Battery number 36 and
31.

Cell sexial nunber 698 had exhibited a high overcharge
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voltage profile. As a mattef of fact it had exhibited the
highest forktﬁé 66 cells in‘the battery.
Cell® serial number 733 had shown the lowest overcharag
voltage profile for the same cell groupﬁ
| The upper most set of curves show the data for the

first overcharge conducted in battery cells, which occurs priox
to the battery assembly, and since the data was taken at
specific infervals, only thereadings for the first half
hour iﬁfervals are not available. So you see a blank area.

The thfee sets of curves below show profiles for
the identical cells after 185 days, 500 days and 750 days
after activation, respectively.

It is of specific interest to note here that the
maximum permissible overcharge current had to be reduceé
to lower values, since~at leést'one cell in the battexy had
reached its hydrogen evolution voltage limit.

Specifically‘I should point outjhére, the uppermost

curvé, you continue the overcharge at one ampere all the

way through., After 185 days, we continue the same curve,

which happened to be 0.9 amps.

At 500 days, at the first voltage drop,nwe had
to reduce it fiom .9 amps to .5 amps. And théﬁ we Fad to
go to..25 amps, so you see the two breaks.

(Slide.)

Graph number 2 shows a trend in cell voltage rise
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as a function of age for 4 OAC battery cell lots.

Tﬁé overcharge at the 0.9 to 1 ampere rate had
to be reduced to lower values, starting from the 460th day
test,rbecause at least one cell in the batter group had
reached its hydrogen. evolution voltage range.

It is of extreme interest to note here that the
test cells for an identical lot, but stored in a shorted
condition,-specifically I am pointing to this one ﬁere,
shortl& after filling an initial electrical cycling, performed
like new cells dufing the overcharge.

Also a cell componenf analysis had shown no
material degradation in these stored cells. These cells were
stored in plastic bags in a clean room at appréximately 68
degrees F and low humidity conditions.

‘The effect of the storage period between 520 days,
which is bétween this and the 750 day level, the effects of

the storage period between 520-750 days are less pronounced

and can be noted in both teéts the current had to be reduced

to a lower than maximum value, because at least one cell
in each Eattepystring h&& reached its ‘hydrogen: evolution
voltage range. |
The loﬁest voltage cell, howeVér, exﬁibited the
lower voltaqe after 750 days as compared to tests ét 520 days.
(slide.) -

In graph number 3, it shows the total voltage
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spread between the cells of each battery string during the
low temperatﬁfe overcharge as a function of age. A
general increase in cell voltage diversions between the cell
ih each string can be ﬁoted with increase in age.

As a conclusion, a definite trend in the
rise of low temperature overcharge cell voltage with
increase in age has been established.

'This voltage rise is apparently caused by the nega-
tive available capacity loss resulting in hydrbgen evolution
if the overcharged would have been continued.

This hydrogen gas evolution will lead to bhattery

- failure when sufficient pressures are reached.

Cells stored in a shorted condition, earlier in
their age;.performed like new cells and showed no internal
component degredations.

And the recommendation, based on the above

information, strongly recommended that the nickel cadmium
flight battery cells be kept in a shorted state below
room temperature and at low humidity condifions for the
maximum possible periods to extend the orbital 1life.

IN addition, an increase}in ﬁhe cells negative
electrode capacity over the positive electrode capacity,
which is generally known as the capacity ratio, should yield
a longer time duration until the cell's hydrogen evolution

voltage is reached.

oy
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FORD: Thank you, Steve.

Are there any guestions?

Yes, Dr. Scott?

SCOTT: I may have missed how the batteries
were stored, in what éondition of state of charge ard/or
cycling were they stored up to the 500 pius state period?

GASTON: BEtween the 500 plus to 700 plus period,
the batteries were stored in a discharged, drained condition.

However, after 500 plus days, the worst cell had reached

" the h?drogen voltage limit, and of course the charge had to

be terminated beéause it had reached its limit.

So ‘there is no improvement between 500 plus days
and 700 plus days.

SCOTT: I'm sorry.

Prior to 500 plus days, zero to 500 days, how
were the batteries stored?

GASTON: Okay, the batteries were -- most of the

-time they were in the spacecraft they were in a systems

test. They have received very little cycling except the
initial acceptance testing.
| The cycling life was small -- age -- yes. They
were active most of the timevin the spacecraft under a
small trickle charge.
SCOTT: Oh, they were being trickle charged?

GASTON: Yes.
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SCOTT: You mentioned,you use the term hydrogen
evolution potential range. |

Wﬁat do you consider ﬁhat voltagekranqe?

GASTON: Of course that is a function of

temperature, and I think I defined it best in the specifica-

tion. It is =-- for 35 degrees F,; I don't recall the number

off hand. But it is the recommended range which hydrogen

"does -- it is possible that hydrogen can occur at this range.

f can't give you the exact number. I believe i£ is around -=-

FORD: I believe it is 1.556 == 1.555 «~ 1.556 at
35 degrees ?.

SCOTT: Was hydrogen actually measured or observed
from any of these cells under those conditions?

GASTON: No, no. We couldn't measure it. These
cells were in abkattery. If you atﬁach a gauge to the
cells and battery, you destroy the battery. It was not
measufed.

SCOTT: Was there any way of measuring pressure
under these conditions that you knew ofé Any indication of

pressure?

GASTON: We terminated the charge to avoid any
pressure buildup. You don't want to deséroy a flight battery
by going to the pressure point. You terminate it at the
point where it is likely to build up pressure.

SCOTT: One final comment, The reason

e i st



mmA”T I aﬁ hounding on this is that we have recently conducted some
2 testing at aféund 40 degrées F and we observed some cells

3 going to this voltage ranée under approximately the same

4 conditions.

5 We had gauges on the cells and we measured -- we
6 looked for hydrogen. We saw neither any ébnofmal pressure
7 behavior, nor did we see any abnormal amount of hydrogen

8 at volfages 155 fo 158 at around 40 degres F, so that is

9 what I was asking about.

10 . GASTON: The reason I said range, is because I am
11 not 100 percent sure exactly what this point is.

12 _ But there was a definite rise towards this hydrogen
13 voltage range, and we had to take a ceftain, a safe ﬁoint at
14 which_we termiﬁate the charge.

15 : : BOGNER: Did you attempt to recondition these

161  cells; Steve? - |

17 GASTON: Yes.

18 . Prior to each 6vercharge, we reconditiored.

19 BOGNER: It did not lower the voltage?

201 GASTON: It did not lower it at all. No change.

21 , RYDER: Bill Ryder. Gulton.

22 I understand that you were yepresenting batteries,
23 that were taken out of storage after specified peridds of

54 time. But in answer to Dr. Scott's question, do I understand

1
il Resorte's, Ire. | . -
55 you to say that these batteries actually were on a spacecraft,
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and being subjected to~tesb}of various kinds?

GASTON: Well, maybe I sﬁould simplify, or naybe
I should elaborate.

The battery which showéd the aging, - was in
the spacecraft for various tests. The cells which were takeh
from the same lot werelstored in a discharge drained condition.
So we are talking abqut a battefy, and we are talking a number
cfspecific-cells which were taken from the same lot and
stored.

RYDER: Oh, okay.

In other words, the data that you are showing,
where you are showing storage for certain periods of time, is
on cells that were indeed stored for that period of time, is
that correct?

GASTON: Let me go back and maybe I can explain
it a littlé bit better.

(Slide.)

*We have in this group.a total of -- we have

the first group of cells which are the points, they are test

cells from battery 25-A and 26-A. These cells were tested

coptinuously at ﬁASA Goddard,not batterieé, because fhese
were the A-2 flight, A-2 flight batteries in space r:.ght now.
FORD: And that is cfcling test.
GASTON: This is cyciing tests..

These were ccontinucusly cycled.

B S Hp——
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30 and 31, this data with an X, is a battery which
was in the spacecraft,and these are battery cells, except
those cells down here which were shorted for 520 days.

These were cells from the identical lot.

Becausé 32 and 33, that is a léter battery, and
34 and 35, that is the present battery. These are batteris of
cells, actuélly batteries. |

RYDER: ~0Okay, so you really have one baﬁch of cells
and that was shorted fo: 520 days?

_GASTON: That's right.

RYDER: Then you show the data on those, which
as you indicate is performed well?

. GASTON: Right.

RYDER: The oniy point I am making, Steve, and I
wasn't sure myself, 1§ the batteries, the data for which
you are showing, have undergone some indeterminate system
tgsting, or variable testing. ~You mentioned trickle charging.
Isn't it possible there may have been evén some reversal in
some instances? What was the trickle ;harge rate?

GASTON: No, I wouldn't say indetermingte testing.

The testing are known. The trickle charge rates
werevery low, quarter amp per battery.

RYDER: Is that-continuous for. that period?

GASTON: Continuous.

Only when the batteries were active on the
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spacecraft. I'wouidn't say indeterminate. Yes, Qe can
determine. The data is available.

RYDER: Thank you.

FORD: Other questions?

REED: I would like to make a comment along the

lines that Dr. Scott was talking, as far as hydrogen

I think the term may be misused when we are talking
about a cell without regard to which electrode, because
we know hydrogen can only be evolved at the negative overcharge
and unless you are using some type of refefence electrode,
for instance the case, if you have both terminals isolated
from the electrodes, ycu don't know whether you are talkihg
about really developing hydrogen or not. There‘are a
number of things that can cause the positive electrode

potential to increase, so that your cell voltage would go above

.An example, carbonate in the electrolyte has been
shown to increase the charge potential o? the positive. I
believe it was a paper presented by some people from General
Electric, Cahotti recently at the Brighéon Conference,
showed this very well, and some of our more limited data
shows this also, that the positive electrode potential will

increase under such conditions.

And of course then, you are not generating hydrogen
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1 GASTON: Do vou really believe it can increase

that much from about 1.50 to about 1.58 with age?

(slide.) |

Because parficularly 500 éays and 750 days, there
. is a definite rise énd it didn't even stop at that point. We
had to terminate it,bscause like I say, we have a whole
battery and we cannot afford to build up pressure ir the cells
In the whole battery. Therefore, we had to decide &t some-
point,»where to stop the §vercharge, and we decided about
1.58 is the point, and that is thevreEommehded overcharge
1 voltage by the battery mgnufacturer.
FORD: I am suré all of you are familiar with the

term overtest. That'is what he is referring to. To go

13
14 beyond the limit is an overtest.
15 I think we had~a,quéstion in the back, Bill?
15 HARSCH: Bill Harsch, Eagle Picher.
17 Steve, could you put that other slide back on?
. GASTON: Okay.
18
(slide.)
19 _
27 ~ HARSCH: The cells that are marked shorted since
21 510 days, the overcharge test run on those cells,is that
22 immediately after a shorted condition?.
Or, have the cells -~
23
24 GASTON: No, they were conditioned like all the

{ Reportess, Inc.

25

others.
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HARSCH: After they came up shorted?
GASTON: Well, you remove the short and you give ther

a low current cycle and they discharge, and then you give it

a taper charge, and then you overcharge it. Keep the conditiorns

are
identical from the day one, so that you/ consistent in data.

FLEISCHER: Were the individual cells shorted?

GASTON: Individual cells were shorted, ves.

UCHIYAMA: Uchiyama, JPL.

I am still confused now. YOu indicated that on
the OAO, the batteries that you had on the OAO had no -- you
had no way of measuring the individual cells, is that
correct? |

GASTON: Yes, we did measure individual c211
voltages,’oh, ves. We just could not measure the hydrogen
gés}

UCHIYAMA: Now,the previous slide that you had

up there, where you hacl the cell voltages, is this the values

you have on there, battery'terminal voltage divided by the

numbexr of cells, or is that indeed individual cell measurement:

GASTON: No, this is a specific cell voltage.

And it is a specific cell number, which is the same cell

number from the day one.

You see, the broken’ line represents one cell
number which initially was the lower one with respect to the

solid line. After 185 days they are approximately the same.
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The lower cell seems to be slightly higher,and of ccurse
500 and 750 dayé, the lowest cell again had the léwest
voltage. |
S0 each specific cell was measured but; in a
battgry you cannot terminate a cell. I have a string of cellsji
So in order to terminate the charge in the whole battery --

in order to terminate the charge in a specific cell, I had-

FORD: Steve, each one of these cell curves
repreéents 22 cells, a maximum end type?

GASTON: That. is right.

GROSS: Steve, can we discount the possibility
that the trickle charge created enough temperature iifferences
in your battery that you are measuring temperature differences
from a cold, outside cells to the warm inside cells?

AGASTON: Yess, we can discount it, because the
differences in the cell which show up initially, would show
up later on. It is constant. The battery configuration does
not change. The temperatures were measured, and it is true,
we have a gradient between the outside and the inside --
the external cell and the center cell of about eight degrees
F. But the same relationship which held.true before, held
true now.

The overcharges werevconducted under idéntical

conditions. They haven't changed. And the temperatures were
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measured. They haven't changed either.

SCOTT: One additional point along the lines
thﬁtﬁMr, Reed mentioned.

In the tests that I referred to a minute ago, I
believe at least one of the‘cells that showed a high voltage,
had a built-in refereﬁce electrode, and as I recall,
essentially éll of the abnormal voltage was measured on the

positive, and essentially none on the negative, which

-indicates to me, at least, the possibility that this kind

of behévior can be a problem with the positive, and not the
negative, énd therefore, may not be a hydrogen problem. It
could be some kind of other problem.

GASTON: Okay, it is possible, but we still have
that battery, and we still can investigate that further.
That is why I don't say it is absolute information. That is
whle callithem trends.

I see a definitg trend in increase in voltage, and
I suspect that it is hfdrogen.

KANTNER: Ed Kantner, Gulton Industries.

I would like to address this question to Dr.‘Scott,
actually.

I was wondering whether he had made an attempt to
determine what the cause of this abnormal behavior
of the positivé is, or whether he has any ideas of what it

might be due to?
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SCOTT: Not yet, but soon.

RYbER: Leave that slide on, will you pleése,
Steve, because I am still confused.

GASTON: Sorry about that.

RYDER: Now, what you are showing here, 1f I
understand ﬁhat you afe saying,is readingg taken at different
times, 15 days, 185, ard so on, after filling of the ceils.

T believe that is the word you used.

GASTON: That's right.

RYDER: And after some indeterminate activity
that occurréd.inthe battery in. the time between thqse periods,
is thaﬁ correct now, because I am really confused?

GASTON: I don't know how you define indeterminate
activity.

RYDER: You haven't defined it that I havz heard.

GASTON: I have a record of what the history of

‘those batteries, and I just summarized it. The battaries were

acceptance tested, then they were placed in the sparcecraft,
and whenever the batteries were electrically active, they were

put in a small trickle charge. That data is ravailable. The

currents are known, the cell voltages are known, so it is not

an indeterminate activity.
Yes, they had seen electrical activity, vyes.
RYDER: Okay.

So they were put on a trickle charge, ani I qguess
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first you went through a reconditioning cycle?

’these rates, and when you say onlovercharge, what do you

14¢

that is the only thing that was done with them?
And then after that period of time, then you

proceeded to put them cn overcharge at these rates. Only

GASTON: That's right.

RYDER: Now you put them on overcharge a:

mean? »48 hours, 120 hours?
GASTON: The overcharge in this case, you will
see, was terminated earlier. In most caées, at most it
lasted eight hours. Many cases it only lasted four hours.
IN this case it lasted seven hours.
RYDER: So that represented the actual duaration
oféharge, thé hours you show on the chart?
_GASTON: This is duration of the overcharwve.
RYDER: You took them off trickle chargz2, and
that is the actual amount of charge there, after conditioning?
| GASTON: No, after conditioning they received
what is known as a .taper charge until they were fully charged
and thén they were temperature stabilized and received an
overcharge, |
And this is the actual duration of the overcharge.
FORD: Are there any bther questions? |
Mr. Leuthard?

LEUTHARD: Now the trickle charge was at what rate,
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Steve?
GASTON; it ranged from'0.§ to 1.0 amps.
I-"EU'I'HAR]M Okay, and then ﬁhe .9 .amps --
GASTON: If you went to the lower temperatures --
in most cases we went to lower temperature, like 33 to 35

we went to 0.9 amps because that represents the maximum

- permissible overcharge rate, for the 20 amp hour cell,

LEUTHARD: And the .9 amps is the overcharae

rate?
GASTON: That is the overcharge rate, yes.
LEUTHARD: Okay, tﬁank you. |
FORD: Ste?e? Stemmle, over here.
STEMMLE: Is it possible to addloxygen to those
cells? H

GASTON: Not unless we take the batteries apart.
The decision has not been made what to do with those batteries
As soon as I take the batteries apart; I destroy the integrity

o the battery,.and if vyou ever want to rebuild ther, even if

"we find the cells are good, we would have to reacceptance

test it, which is an expensive procedure.

So, unﬁil I am‘thoroughly convinced there is
nothing wrong with those batteries, I am not going to take
them apart. Because once I také them apart, I destroy sone
cells and I would have to take‘new cells, replace them with

old cells, so the integrity of the battery is gone.

*
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STEMMLE: But you have no access to the individual
cells?

' GASTON: Electrically, ves.

Physically -- or as you say taking preséure and
soon, no.

STEMMLE: The reason I ask this is because
adding oxygen may be a good way to determine whether or not
ygu are gefting the high voltage difficulty from the pegative
orthe bositive electrode.

GASTON: It is possible, ves.

(slide.)

We will just go back to cone point, I think, to
clafify for Bill Ryder's remark. 1In this graph I show
the test célls for 25-A and 26-A, and if you follow just
the dottédAline you see the same rise in voltage and these
were actually, these cells were tested in orbital simulated
conaitions; So that certainly, the history is right.there.

"FORD: The test cells that Steve is referring to-
were tested at 15 percent depth of discharge on a 90-minute
orbit. 30—minute discharge, 60-minute charge. They were
charged a£ 8 amps, discharged at 5 aﬁps énd they went through
over 6000 cycles throughout the life of them.

What we did observe ~- in fact the test temperature
the average test temperature, about 90 percent of the life

of the cells were at 55 degrees F which is where the
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spacecraft batterv runs.

So these cells had not seen any unusual test
regime, other than the fact that they were run in a condition
simu}ating a. spacecraft.

I might poirt out that we have sufficient data

now from the flight battery, the A-2 battery, which has been

up almost two years in-December} that shows the same type

trend.

GASTON: Floyd, correct me if I am wrong.

pidn'£ we ohserve hydrogen in those cells at
this voltage, didn't we?

FORD: There was one cell that -- in fact, we did
exéctly what Stemmle suggested -- there was one cell during
that test that became & mave?ick, as indicated by the
highest point. _We removed three ampere hours of precharge
and put.thé cell back on test, and Qe brought it back within
the overcharge limits that were set for that condiéion.

" I'think you will find this information on the

test cells thoroughly reviewed in the Powér Sources-

Conference of this spring, which I assume the publication is

coming out shortly.
.Any more questions on this?
John?

UNGER: Unger, Goddard.

Just one more point there. A number of people have

o s T 2 S
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aﬁked,-or guestioned whether or not you are dealing with
hydrogen, and we have run some analyses on certain cells. I
have run the analyses, but I am not sure what cells and
what batﬁeries, and I was wondering whether or not any of
these particular cells, we found hydrogen in?

FORD: 32 and 33. We have the test cells in the
1ab now, and we have observed at 35 degrees F, hydrogen
beinggéccumulated at a very slow rate, I point out. AT 1.51
volts in one particular cells. Other cells that.go higher
than ﬁhat, we haven't seen h&drogen.

But we have data that shows that you can get
hydrogen in a cell at 1.51 volts, at 35 F.

UNGER: So essentially this means that these

maverick voltages may indeed not be the result of behavior

of thenegative. On the other hand, they may be. We do

have cases of hydrogenvgeneratioh at slow rates.
.BOGNER: Bogner, JPL.

| ATre any of fhese cells some thét you had a problem
with a couple of years ago?

-~ FORD: No.

(Laughter.)
BOGNER: Ate the results similar, or not?
FORD: All of these cells have been produced since

October, 1968.

It is interesting to note that we are experiéncing
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‘similar symptoms.

BﬁéNER: Did it occur earlier on those cells, or
show up about the same time.

FORD: It occurred earlier on the probiem cells
that you'refer to.

. When it occurred is a function of the depth of
discharge, the fype testing you do, et cetera. It is a --
Qe don't feally have a good handle on it.

GROSS: Gross, Boeing.

Theré are a“lot of possible reasons that. could
explain this behavior. One, of course, is the variable
degradation of the positive.

I would like to emphasize a point, however, that
Al Reed made on the value of including reference electrodes
in expefimental work. And for the life of me, I can't
understand why experimental batteries so seldom have adequate
instrumentation, including reference electrodes and pressuré
gauges.

Now this was a flight battery, I realize, and
probably we couldn't do that. But there is no reéson any
more to have to speculate. We should make sure that all our
laboratory batteries are adequately instrumented, so that
we know what is going on.

FORD: Dr. Fleischer?

FLEISCHER: I would like to make a suggestion. If

A M
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you are going to open any of these cells, and analyze them,
that you anaiyée the electrolyte from the positive znd
negative plates separately. I would suspect that aftef that
long period of time, thelconcentration of the eleétrolyte

in hydroxylines_at the positive plate, probably be less than

that at the negatives, because you are transferring oxygen

.to the negative plates.

iI found this in small button cells, and I wouldn't
be surprised if you found it here to an exaggerated extent.

GASTON: In answer to the question, or the comment
the gentlemén from Boeing, we do have, ip'each group, we do
have ‘an auxiliaw'electrode cell, so we do have an idea when
the oxygen limit is freed, or when the oxygen evolution is
made.

.Unfortunately, in hydro cells -- not the ones,
the high range of the voltages =-- so it was not the limitina
cell. in the string.

" Another comrent I would like to make ié <hat the
positive capacity of the cell had not deteriorated, so when
you comparé capacities of these cells, they are identical. As
a matter of fact, in scme cases, they are slightly hetter
than they were initially. So I don't know whether we can --
in my opinion, I am not clear whether we can blame the
positive electrode for the voltage rise that you say might

possibly do, cause.
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FORD: Just one comment, out of the group of cells
from serial ﬁumber 32 and 33, we just recently, we had
cells on test at Créne. We ran a fatio test. We found a
positive plate capacity of over 29 -- approximately 29 1/2
ampere hours -- there was no such cell in existence on the
production lot. We found a negative plate capacity of
approximately 34 1/2 ampere hours, and I remember the ratio
came,oﬁt ﬁo be 1.18 in that range.

These cells exhibit a ratio, total negative
to positive rétio* of about 145 during formation in the
early electrode capacity fesﬁs that were run.

ARe there any other‘questions on»this perticular _
subject? |

Yes, Mr, Cohn?

COHN: Cohﬁ, NASA.

I would like to make a comment, rather than ask
a question. It seems to me one mustvdraw some lessons from
this, and I haven't heard anyone here say anything about what
does this all mean? Have we learned something for the néxt
battery for the next spacecraft, or what have you?

And it seems to.me there are two things that =- I

would like to be corrected if I am wrong on this -- one is

‘that you are setting the voltage cutoff too high now because

you actually do get hycrogen evolution, so something is

wrong, and the second thing that is obviously wrong is that




mn6 4

10
1
12
13
14
15
16
17
18
19
20

21

22

23

24

| Repottess, inc.

25

157

you arg trickle charging. You should not be trickle
charging for 500 days or 200 or 300 days, because you are
obviougly wrecking the battery.
| So it seems to me one has to léarn these lessons

and apbly them and express_thé fact that one has learned
some lerzsons S0 fhat other people don't make the sane
mistakgs.

FORD: I would like to clarif§ that point;

When you say .the batteries in the spacecraft,
and that is‘the life of 30 and 31 battery, it wasn'i the
spacécraft. The batteryis on open circuit every night of the
week, it is on open circuit dur¥ing- the weekend, unless they .
have integration and checkout for the spacecraft. The
batﬁery is used during the daytiﬁe and it is operaéted under
the same type pf voltace control systém, or it may be at a
reduced voltage to mairntain the_overcharge in the battery.

And the 1imita£ion factor there is the amount of
heat that fhey can discipate at room temperature. 5o the
trickle charge.rates during the daytime are in the range
of about C over 35 to C over 40. But the battery is on open
circuit and-charged, and I feel very strongly that this is
also a factor in the degradatién charactgristic of the cells.

GASTON: Let me make just one comment.,

My determination waé, is that you use thz battery

as little as possible in the spacecraft for any systems test.
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As a matter of fact, if possible, you don't use it at al},
which is, of'course, not possible; So, under the ideal
condition, keep it in discharge rate condition as long as
possible, and then you have a battery which appeafs like a
new baEtery.

| And of course, the other recommendation is
increase the negative {o positive capacity ratid.

STEMMLE} I wou;dllike fo contribute a comment
from Dr. Gomdiss of SAFrthat he made a couple of weeks ago
when he was»here talking with us. He said that —- well, he
poiatéd out that during overcharge, whether it is trickle
or otherwise, there is uncompensated concentration gradient
of hydroxylines on the negative electrode.

One way of considering normal cycling is that there
is a concentration gradient'of OH that builds up on one, and
then it shifts to the other on the other half of the cycle.
But during overcharge it is uncompensated.

' And he has found in some old cells that he has
taken apart, solid KOH,crystals of it on the negative electrod
so I think it does contribute to the degradation 6f the cells.

FORD: I think we have_time for just about one
more qqestion. We want to move on.

Any other guestions on this particular subject?

Oksy, thank you Steve.

At this time I would like to introduce our next

[¢4)
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speaker, Dr. Harvey Seiger. He really needs no intiroduction.
He has been éfound loncer than I have. He is with lHeliotek
Corporation, a Division.of Tektron, and & this time he

would like to have a discussion on the NASA Suppo;ted Centract,
which is NAS-511547, which dealt with the characterization
of control and recombination electrodes.

T don't know if you are all familiar with that
report, bﬂt it dealt primarily with the fading mechanism
associated'in nickel cadmium cells and its effect on cycle
life. ..
Dr. Seiger? N 7!‘ = 2 8 6 6 8
SEIGER: Sometiﬁe in July or August, I received
a copy of the final report on the characterization of the
recombination and contirol electrodes ﬁnder the contract
NAS511547.

And there were three areas in this report that
caused concern. Now, if this were a journal article, I would
be able to write a letter to the editor, and have siome

response from the authors in the discussion section.

Well, there are several alternative ways of my askif

the questions, but only one way that I really consider ethicall.

So I wrote to one of the authors and pointed out, "There was
always a fear that at some future time someone wil.. try to

argue a point based on invalid statements in some 1eport."”

Now, my letter was answered. My Ffirst gquestion

RO =Y
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was npt responded to. The second question was unsatisfactorily
answaped, by.étating some statistical reéults that [ am unable
to gepgrate. And élso by stating some thihgs that are not
in the report at all, nor referenced in the report, and this,
of courge, implies that such information was not usz2d in
formq?ating the conclusions.

fhe third question was also unsatisfactorily
answeféd.' In fact, it was not really answered.

Now I mentioned my concern about the report to

resulted in an invitation to ask my quesfons here 'in a pretty
much formal manner, and the authors were asked to present
their views here too, so I expect to be followed.

Now, before getting into the technical details, I
think that the battery workshop is a good forum for discussion
about reports. Perhaps we can have it run ina manner similar
to the discussion session in the Electrochemical Society
Journal. In this-way, comments may be screened aﬁd passed
on to the authors and the authors have an oﬁportunity to
reply prior to presentation here.

It so happens that this is pretty close to the
procedure that we are using here now, and I think it might
be helpful to the government, to the battery users and to
those doing the contract work resulting in the reports.

I will tend to the technical details iibehind ny
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questions, and start with the first one to which there was an

answer.

It is concerned with the data on platinum migration

which I have given in page B-1l. Now, I haven't got the

facilities to show the page B-1l. Permit me to turn to it and

~to read a little.

Cells were made, that contain two recomb:ination
electrodes. EAch such recombination electrode contains by
design, five milligrams of platinum per square centimeter for
a total of 37.5 milligrams, plus or minus 10 percent of

platinum on the average.

Now, next; they have some data in a'table, and I
hapben to have worked some statistics with the table, so if
I may have my first worksheet please?

(Slide.)

Before I ge= into that, in the table, there are
some data for the analysis of platinum, and the? give the
terms of the cycle conditions, the temperature and the depth
of discharge.

There are two pieces of data corresponding to the
lasf two cells, thch are 7 and 8. These are the two recombinar
‘tion electrodes from a cell from.task 2, cell number 2.

9 and 10 are from another cell in task 2, cell

number 4,

Although these are represented as having a 50
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and not let them go to waste, and see whether they can be

Lo6d

percent depth of discharge as the first three cells, I checked
through the report, and last Friday I found that they had
really been going thfough only a 25 percent depth of discharge.
And so, if we look at the numbers, at the data
thazthey have, ranging from number 1 to number 6, we can see
that they differ much from the mean value of 37.5 thet
they designed their electrodes to have.
Well, this about washes out really the question £hat
I had, because here we have three cells who are much different
and show no overlép between the data that are presented.

However, I did do the statistics, and I wpuld rather use themn,

used even as they were originally given, to establish that
there was no platinum migration.

The sentence that I object to, let me read it:
"It is apparent from the above analysis that the platinum
has not moved out of the recombination electrodes."

‘Well, how do we treat data if we want to show
whether a sample has changed or not?

We strike an average of all the data, and we
compare it to the expected value, which is 37 1/2 milligrams,
plus or minusAlo percent as given in the report, and we
will use a student T test in order to see whether these
numbers are the same or whether they are different.

And when we <6 this, we have to set up the null
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hypothesis. We make the assumption that they are nct
different, that these numbers are really the same, and wg
are going to look for a probability that this is so.

The student T function, and I use the one-sided
function, because they are looking for migration, whrich
means that it must deérease. The one-sided function is taken
from a book by Volk, and it is given up there as T is
equal to X Bar, which is the average determination of the
experiﬁental determination, and M is the mean value of

37 1/2 milligrams.

We have the square foot of N, which are the
number of samples, and we have our approximation to the
standard deviation.

Since we are dealing with ten samples, ten .
piéces of datg,'we are pooling it because this was :indicated
by the letfer froﬁ GE, that they have pooled it. The number
of degreés of freedom is nine.

. The average value is 31.7. It is different, it
has decreased from the mean value by about 15 percent. The
déviations on the next column, they sum to zero as 'they should
The deviation squares are on the third column, and the sum
of the squares is 202.10. And from that we are ablz2 to
calculate out and get cur approximation to the standard
deviation, which_is 4,74,

We now have enough numbers to put it into the

student T function, which is T is equal to 31.7 minas 37.5,
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over 4.74. All that multiplied by the square root Qf 10,
which is equél.to minus 3187.

I am saying all this for the purpose of the
reéorder.

Now, at what level shall we test the sigﬁificance
of this value of T?

Thg authors responded that ona'95 pércent
confidénce level there has been ﬁo migration, so we will use
the 95 percent level to test for significance. And I happen
tyhaverthe values of the distribution of T for a probability
of .05 with 9 degrees of freedom from one;sided. Thet happens
to be equal to the same as the prébability value of 90
percentkfor 9 degrees of freedom for a two-sided test, which
is minus 1.833.

fFor interest, I happen to have fhat for a two-sided
test, too.

Since we find that the absolute value of T is
greater than the value of P taken from the tables, *the
null hypothesis ié rejected. And hence, the statement that
the mean value of 31.7 has not -- that mean value, that state-
men£ hasvnot been proved.

And so I have to formulate a guestion, and with
these kind of data; plus my first considerations about
differences of cell 2 from test 2 and cell 4, which ‘really

shouldn't be pooled, I formulate this question which is:
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Since the experimental data do not supportvthe statemnent
made about platinum migratidn, how can such a statement be
justified?

(Slide.)

NOw the second area I have deals with the shunt
voltage reguléﬁor h?pothesis, and my question deals with
the lack of consideraticn of the electrochemical processes
that occur at the recombination electrode when current is
passiné’through it.

If~we formulate a hypotheseés, we should make it
self-consistent by'considering all things that are occurring.
There are several commerts that must be made about this part
of the report additidnally.

ON page 103, the low-pressure hypothesis is noted.
And-an example'is given for é cell from a previous report, with

a recombination electrode. The cell yielded about 7 aﬁpere

C over 2 Charge; A similar résult wiﬁh a similar experiment
has been observed in ancther laboratory by Lerner, and led him
to postulate the low-pressure hypothesis.

Now, in this experiment, which is consideired an
extension of the earlier one, resistors were placed between
the recombination electrode and the negatives, so the early
experiment was done with merely the contact resistance, and

we are now increasing it by a tenth of an ohm in two cells,
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and in two others, increasing it additionally up to two ohms.

ﬁo& the data are in table 28. I can't show you
that, but I have it here if ényone is interested. 6 ampere
hour g¢ells were charged at C over 10 aﬁd they dia vield 6
ampere hours whether the resistor was a tenth of an ohm or
Fwo ohins.

The experimental observation is that on
continued cycling, the dischargeable capacity of the negative
electrode decreased. |

Now, let's see what is done with this information.

On page 128, the last paragraph explains only areas
of the negatives with low film resistance would bé recharéed.
So if you have an area with a high film resistance, it would
not ﬁe fecharged.

Now this is worded more strongly on page 132 on
the third line, where it was stated that the massed areas of
the negative electrode will have a rapidly diminishing chargind
rate, and these areas are: "These areas are unlikely to be
recharged."

Now, let us contrast these questions to the last
observation -- pardon me == these guotations -- to the
last observation stated on page 133, where they say the lost
cadmium capacity is still present in the cell, but is
unavailable at practical discharge rates.

Off the record for a moment.
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(Statement off the record.)

SETGER: BAck on the record.

NOw, is the purpose of this eight-page long ad
hoc hypothesis to show how the electrode can't be~charged in
accordance with the guotations on page 128 and '132?

Or, is the purpose to show how the cadmium is

with the quotation on page 133?

‘ Well,.upon my first reading, and my past éxperience
with such cells, I reckoned that the hypéthesis was
promulgated to explain a failuré to charge, and the hvpothesis
does indegd dévelop this premise.

With the confusion that surrounds this, I must set
my sights on only one item in this. There is a circuit on
page 130, which shows two parallel circuits, one for the
recombination eleétrode and the other one for the nz2gative
electrode.

. Now current going through the recombination electrod
branch- prevents charging, using the quotes on pages 128 and
132. It prevents charging of the negative electrodea.

.Now, what is the current doing electrochemically
when it goes through the récombination electrode?

There are three items that we can postulate off hand

Number one, we can say that the oxidation étate

of the of the recombination electrode is changing..

e
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But, let's reject that one, because the.
materials are either already feduced, or they are inert.

‘Second item, we can postulate,is, well,‘hydrogen
is being evolved. That would account for thé curren: going
through therecombination branch.

Let's rejett that one too, because the pressures
are low and hydrogen does not react with the positive
elect;bde ﬁnder these conditions.

| Item three, oxygen is being consumed.

if this is accepted, then the entire shunt voltage
regulator hypothesis degrades to Lerner;s low pressure ad
hoc hypotheéis.

Instead of eight'pages, we can substitute one
or ﬁwo pages.

Now, there are decrease in capacity of the poéitive
electrodes given in the experimental evidence. Since this
behavior is not accounted for in any manner, we caﬁnot
endorse an§~hypothesisr nor move itAto a rank of theory.

I should point out that the two hypotheses would
direct any efforts towards solution of the problem, to
two different electrodes. So that the area does have some
technological importance.

I may now formulate a question with two parts,
which is directed towards the authors: |

A. How can you resolve the aspect of the
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hypothesis that postulates.uncharged areas with the stated
observation that the material is present as cadmiur charged,
but is undischargeable at the rates used?

B. How can you justiﬁy not accounting for the
current in the recombination circuit in terms of the electro-
chemical processes in that branch?

| My third area of concern deals with the conclusions
oﬁ hydfogen recombination.
| May I have the third chart, please?

(Slide.)

While Tom is getting that ub, I should mention
that Paul Ritterman observéd that hydrogen can be recombined
in cells such as these with fuel cell electrode present. The

references for this one are the second and third quarterly

" reports to the United States Air Force under contract'

AF33-(615)-5357. And credit by reference should have been

. V\\a'c\/qﬁ)z\a
made in this report, and I do want to thank Chuck MeKenzie
for locating the references for me,

Now, on page 121, there is an equation expressing
the pressure decay for hydrogen in cells having a recombina-
tion electrode. for their experimental data.

- Now this equation is right up hére on the thirad
worksheet taken directly out of the report. It is Y equals

A plus BX. Well, Y is the pressure, X is time, A and B are

constants., Where A is the boundaxry condition and X equals
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zero.i The initial hydrogen pressure.
B is theb slope, and as we shall see, it is later
identified as the rate of hydrogén consumption.
Now the experiment was run having a resistor
between the recombination electrode and the negative electrecde
The question of limité:ion of the rate by the resistor was

considered -- not in the report -- I considered it, and I

.concur‘with the authors that the reaction can be studied even

under these conditions.
Since the conclusion I question is concerned

with the rate dependency on quantity of cadmium hydroxide,

let's obtain the rate directly from this equation.

Now rate is the pressure decraese per unit time,
which we can get very simply by taking that equation and
using simple differential calculus obtaining DY by DX is
equal to B;

The quantity of cadmium hydroxide is not in the
rate equation,. and therefore, under the conditions of which
the experiment was run, the rate is independent of the

quantity of cadmium hydroxide which brings us to the thirgd

question.

'~ Since the experimental data do not support the
conclusion, how can the conclusion be justified?
Thank you. I have the questions written down

here. I would like to put themyp, in case anyone needs a
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reminder.,

FCﬁD: Are there any questiéns at this point?'

CATHERINO: First of all, I would like tc thank
what's his name -~

(Laughter.)

-- for taking the time, actually, to go through this thing’
and to give a critical evaluation of iép

Now, I think a perspective has to be establishéd.
A lot.of this was read out of context, and perhaps a great
many people haven't read the repor£ to understand just what
was said in it,

Now, I can only teli you, ana if you care to have
a copy of.this report, you can either send me a note or
anyone down at the Battery Products Division in Gainesville,
and we would be very happy to éend you a copy of this
original report.

Now in perspective, these points that were raised
amount to ancillary arguments, but do not really get down
to the substance of the report, so that in essence, by not
even answering the questibns, the substantive aspects still
remain. However, let's go through som; of these.

First of all, I would_just point out that the
letter he was talking about was sent to Bill CArson, and I

would just like to read the first part of the. reply.

I have sent on your letter of August 6th to ny
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1 colleagues at_Gainesville,‘who wrote the bulk of this report.
2 And as Bill Carson continues, -- as usual, I find myself
3 disagreeing with you on all the points you raised.
4 Then he goes on -- well, the reply was, of course,

5 quick, and it was pointed out in there that he couldn't go

6| through a detailed, point by point rebuttal, but I will

7 try to get to the essence of this if I can, in a short time.
8 | o First, let me answer the question on the hydrogen
9 recombination.

10 Here again is the'problem of trying to read too
11 much into a rather trivial statement.

i2 Is there a dependence?

13 o Well, I think the rather detailed analysis showed
14 that a zero order dependence exists on cadmium hydroxide

15)| over most of thé reaction.

16 : But after speaking with the people invslved in

17 this report, thgy macie it rather clear that this was really
18 going a litﬁle too far. The intention was --'well, let's

19 look at this this way - hydrogen is oxidized on the
20 recombination eléctrodé. Something has to_be reduced. That
21 subétance is cadmium hydroxide. If there were no cadmium

49| hydroxide, there could be no hydrogen oxidation. ‘ Therefore,
23 the dependence is obvious.
24 Point two, the platinum electrode migration —-- now

feral Repcrters, Inc. . .
ol reReres, I might just say thatpage B-1l that was quoted, does turn




173

m80 i out to be in the appendix. BAnd the points are Qell taken., I
2 hawe to.admit,'there”was some ipformation that was left out. -
3 Actually a few sentences.

4 IN this work,‘the recombination electroée is
5 taken, and some of the catalytic material is removed, in order
6 to expose part of the screen. To this screen, then, a tab is
S| welded. "
8 Now, if one compensates for the removal of this
9 catalytic material, the data falls right where it is
10 supposed to be.
r éo,,really,'we are at fault there for omitting
12 those few descriptive sentences;
13 Oon the last part, the low pressure theory versus
4 the shunt voltage mechanism, essentially these are two
15 fo;mulations of observed hypothesesf ONe involves --- well,
16 the low-préssuawtheory involves*the.effects on the positive.
17 The shunt voltage mechanism involves the effects on the nega-
18 tive,
19 Now, these are really formulations of fundamental
50 phenomena that have been observed.
2
o1 Now if we care to quibble about the details of how
. we set up this mechanism, this would make good cock:ail lounge
Z
23 patter, but here we are looking for a way to make a better celll.
;4 Now GE does not take any position -one way or the
24
auwmmm,ﬁgf other on the low-pressure bypothesis. However, it ook this
7 _
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idea of the shunt mechanism, voltage shunt'mechanism, and
applied it towé£d makingy a better cell.

?he point is basically this, the negatives were
fading. Something had to be done. A precharge was used,
and as ' a result, a bettar cell resulted.

Now, in effect, there was the first point that
was raised that wasn't really too ¢lear to me, but ctherwise,
.I beliéve.that all points have been taken care of.

FORD: THank you, DR. Catherino.

ARe there any pther questions on this subject?

Aﬁy(comments?

I am sorry we don't have extra copies of the
report to pass out.r If we did, yéu wouldn't have time to
read it anyway. |

(Laughter.)

John Unger?

UNGER: - Dr. Catherino, I just wanted to clarify
the response on the hydrogen recombination.  You indicated
that if hydrogen was being oxidized at the recombination
electrode, that this would require that somewhere, something
was being reduced. And you indicated that the only
possible species for this reaction was the gadmium hyaroxide.

Under what conditions was this?

Would this be during charge, or would this be

an open circuit stand, ox perhaps during discharge that the
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hydrogen -~-

CAfﬁERINO: I am quoting .from memory from merely
reading the report.

The way this was done, the cell was opéned and
filled with hydrogen, énd the hydrogen pressure was then
monitored, and it went to zero.

UNGER: But what was the condition of the cell?
Was the ceil shorted, the active electrode to the cell?

CATHERINO: I am not sure. I believe this was
open circuit.

' SEIGER: Ycu had two conditions. YOu had one

" of open circuit, and in some cases, you actually performed

a discharge.

And the equation drawn was written on the open-
circuitrconditions.

UNGER: All right.

Well ghen, in that Fase, obviously the negative
electrode is the only thing connected tothe recombination
electrode. I just wanted to clarify those conditions, because
under certain conditicns there are lots of other re=actions
that could be going or. inside the cell.

CATHERINO: 1In this connection I would like to
just raise the point here thét although the report was
entitled the Characterization of Auxiliary and Recombination

Electrodes, it turned out to bhe more of a study of precharge,
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percent, depth -- how come these give numbers that are much
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which is basically what most of this conferenée is about this
afternoon.

SEIGER: There are seve;al guestions that you
really did leave unanswered. For instance, when iou go back
to pége B-1 -- inciden=tally, I tried to be extremely careful,

Dr. Catherino, and I do remember your name -~ on reading the

By takiﬁg it out of context. And I will challenge you to show
where meanings have been changed. Let anybody here read the
reports, They will see that I haven't changed them. Let me
rebuke you én that.

I would like to say, that in the task 3 cells,

which were indeed run at 50 percent depth of discharge, you

p 1

may have scraped off your material, in which case, the questio
comes up, how come then, in the task 2 cells, run at 25
percent depth of discharge -- and let's record again, that

these two ¢ells were run according to this report, at 25

closer to the design of 37.5. These numbers are respectively
38, 36, 36, 36.

So, with that kind of evidence, and the other
thiﬁgs that I have found in the report, I hold your statement
suspect,and I will question you further on thét.

Frankly, I would like to resolve these. Let me

read very particularly the statement right from the report
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on page B-1l, It is apparent from the above analyses that the
platinum has ﬁo£ moved out of the recombination electrodesf

I dop't know whether it did or it didn't. The
way the experiment was set up and run does not subétantiate
that conxlusioﬁ; So one can't say it is apparent.

Now, this particular statement winds up in about
three places, two others bhesides here. And one of them is
iﬂ the ¢onclusion.

Now, if it is in the conclusion, I think you
ought tp give a little more weight to it.’

éATHERINO: Now may I reply to that?

That particular piece of evidence was intended to

support the problem of changes of reactivity of the auxiliary

electrode. This was attributed, and there-is sufficient

.

evidence -in there to substantiate, that this was due to

movement of electrolyte.
Now, in order to pursue this, an attempt was
made to relate it to the catalytic material on the recombina-
tion electrodes, and I have to point out again, that you say
there are certain differences involved. The materials taken
off by hand, it has tried -- wettried to meet certa:n
specifications in building that fecombinationlelectrode.
There are times when the tolerances are difficult to achieve.
SEIGER: VEry simply.

Let me repeat the guestion.
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Could you, from the data that you have, the way
it is reported here on page B-1 -- and I will read the entire
thing if you so wish -~ could you so state that it is
apparent from the above analysis that the platinum has not
moved out of the recombination electrode?

From what you are telling me, you don't have any
évidence whatsoever, to make that statement.

CATHERINO: Oh, of course we do.

SEIGER: Where?

CATHERINO: I just said --

SEIGER: It is apparent from the above analysis --

FORD: Gentlemen, I will have to cut it. |

I would like to suggest that you get together
over cocktails, because I think it will be an interesting
evening.

(Laughter)

I would like to take the chance to entertain other
comments oﬁ this.

Steve, you had your hand up?

Are there others?

GASTON : Gastoq, Grumman.

I just have a general question.

Thelplétinum migration apparently is no longer
a problem. I have seen earlier reports where it was a problem

Actually, what has occured in the construction

23
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mm86 1~ of the recombination electrode, which makes»the migration

2 no longer a problem?
3 ' CATHERINO: I think in this case, you see, this
4 is a relative measure that you are talking about, when

5 you say platinum doesn't migrate.

6 .pr, if you want to take this down to a microscopic
7 ' level, for example if you put.ih a lead electrode, which is
8 éxtremély.sensitive to the presence of pl;tinum, this becomes
9 impoftént. And you can show some migration may teke place

10 here.

" NoQ in this particular case, analyses cf the

12 membrane materials in there, of the -- searching the inside

13 of the cell, did not show any platinum located in other
'14 places. And also the analytical data, when appropriately
15 corrected with this information it wasn't in, alsQ falls
: ]6 in within the appropriate confidence intervals, to show that

17 within the analytical method, no platinum had migrated.

18 - " FORD: Okay, let's take one other question, and
19 then we will havé to close it, I believe.

20 WEININGER: My name is Weininger, G.E.

21 | This happens to be no connecéion with defending

29 this particular report, but I happen to be one of the

23 editors of the journal that Harvey has mentioned, and maybe

24 as a matter of comic relief, he might be interested --

eral Reportars, Ing. |

25

Harvey —-- that for two or three years we have  been considering
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to give up and disband with:this particular section.

(Léﬁghter.)

Whether or not this is a good analégy, I leave up
to you, the audience, to decide. But it raises a éifferent
point, which I am serious about, and it is interesting
because in the editorial board I am one of the minority who

believes that references to contract reports should not be

'ailowea in the Journal.

The reason is that reports, possibly one like
this under discussion here, are writtén in a great ceal of
a hurry towards meeting a deadline, and most of all, are
not reviewed by external referees. And for that reaéon, I
think it is difficult to justify giving equal reliance to
these final government reports, as we are to other literature
references which are reviewed.-

And this is strictly a minority opinion.

FORD: Thank you.

I think that with that we'ﬁill close it.

I would like to thank Dr..Seiger for his vigorous
going over this, and I would also like to thank
Dr. Catherino for respcnding.

CATHERINO: I would just like to add one other
thing.

Would you please tell them what the results of

the test were for the hardware?
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FORD: Oh, okay.

These were the first recombination electrode

cells that I am aware-qf that haye gone over a year. We

currently have second .generation of these where we are looking

at the higher resistor,

.I night p@int out that the results of this work
bas gone directly iﬁ the Apollo telescope mount bhatteries whic
Genera] Electric is produ01ng for Huntsv1lle aL this point. .

69

Sam Bogner, of Jet Propulsion Laboratory, and he would like

Wlthout further ado, I would lbie to 1ntr§§uce

to take a few minutes. on the Mariner 71 Batteries.

Sam?

BOGNEK: I have a couple of topics to discuss.

It is not quite as technical, I guess, as some of the
discussicns we have seen.lately this afternoon, and it is at
the far extreme of Jerry's first slide that he put on this
morning.

I am going to more or less talk about the hardware,
and maybe getting back close to what Stéve'Gaston was talking
about, what do we do with the bhattery after we have got it?
How do we keep in top condition, and make sure it is a good

battery when we fly it?

So the particular battery I am talking about is

for the Mariner spacecraft, and this is a picture of it.
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The battery aatually fits in one of £he -- what
we call the bays. We have cight bays on the spacecraft,
with thermal control right on the bay.

So the battéry fits riéht into that bay and it is
easily put on and removed froﬁ the spacecraft in comparison
to som: other spacecrafts..

.(Slide.ﬁ
- The design of the battery, the packaging concept,
is tha% it is an integral éart of the structure, o the

battery helps hold the spacecraft together. It consists

of 26 cells laid in two rows. Each cell is insulated with a

. wrap of fiberdlass. The cells are retained in the chassis

Py compressive forces. We use no potting, and we have good
heat conduction through louver control.
‘The size of the battery is approxiﬁately 20 inches
by 18 inches by 4.1 inches.
| The cells that we use are 20 ampere hour cell.
'The battery is mounted both to the inner and outer
ring on the spacecraft buss. We have temperature transducers
on the center cells and also thermal switches, thet
shut off the charge, should we get it too warm.
(Slide.)
This is whét the battery looks like. Here it
is being prepared for thermal vacuum testing. |

The temperature transducers measure the tempersture
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of the battery, are lccated here -- one on each side in the
center of the-gattery, where we expect the temperature to be
the warmest. Howevér, during thermal vacuum testing, we
found out that we oniy have about a 3 degree spread
from one end of the battery to the other, so we have a fairly
unifqrm temperature.

(Slide.)

This is a start of the assembly of it. Here are
the cells being wrapped.

(Slide.) |

‘This. is the chassis for the battery which is

'machined out of a solid. block of magnesium, so it is quite

a job producing that chassis.

.This is a cell compression picture, where the cells
are prestressed to get the correct lengihs, so we have the

proper compression when we mount them in the battery.

By the way, this battery was built by TRW. Here
it shows the center cell and our thermal plate' thai: the

temperature transducers are mounted on and the thermal
switches, so that we have kind of an average temperature

across the cell.

mother picture of the mounting of the cells in




REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

e ————— - ——— . ——————— S~ ———" —

;T."_ TSI, TURE@NELE TN & TN P FITI 3 A e - “
. ¥
¥ |
!‘ s .1 i Lo b A |
; A s s .4.:;
i f a2 3
."9‘ } : ) NS -
rag bl \ 4&:*\‘\ ] e
P | .
{ i ; : :
i ' v‘ ; ‘s e,
¥s - . B ; : i
1 N \ 1 - .{ ¥ & : ( ‘J\:\
{ . A ’ ' = '(«- - s‘ 5 e & ( k%”
| 5 111 A
¥ . e - —— ’ ; ' ;
‘N~ “S ey } R N
d 1
4 i . v — j P “x~ ¢ A
o 2 y £ S g !'
‘ “a | | o . 4 ’ \
1 4 /"‘o'k’w- ny / , i i ] .
» ! J j i | ’
y ) t ] ‘ ,
‘ 5 , 1 i ' 4 f
- .\ ¥ [ ; ; ' :
4 3 h | ’
{ | ..
r _J-" " » 3 ‘., = : ﬂ—'
A\ , : : ’ : ‘
’ ; |
% e 7 i : ll
f / e = ]
7 e ' e
\‘ . " ~ 3 . b
V- ’r i £ 'f'i-'"i S 5 F s ——
¢ ] m ‘) f L] = s ‘ ] j
- - ™ i . I @ . | piddcardiy = ]
— ‘,ﬁ' Pl e ~ ‘/ . L% pot’ i ! !' “' I "’. . ™
=ai Wi =7 Nt | b / L
/s -, . % / o > - H
- N S " » |
/ O g - |

/

; > k- 7 4 I
}_ ‘:"-‘%_".[. - .' Y i S
[ SR ."'zt.i ‘N‘f I PR ISR PR WUtel Wy SR N L &uw

%, § s
Yoy g y
N7y~
MM 71 BATTERY DESIGN
* PACKAGING CONCEPT
INTERGRAL PART OF SPACECRAFT STRUCTURE
* 26 CELLS IN TWO ROWS
. ’l'
* EACH CELL WRAPPED IN GLASS TAPE / f
{
* CELLS RETAINED IN CHASSIS BY COMPRESSIVE FORCES 4f
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9]
| the chassis, We have a coating or layer of RTV compound so

2 we have good thermal conduction between the basepla:te of
3 the battery -- if you tilt that up -- the part that vou can't

4 see is the part that is on the outside of the spaceczraft and

5 the louvers are mounted on that side of the battery.
6
7 This is another step in the assembly where

8 they are putting the keeper bars along the sides of the cells,
9lor the ends.
10

11 Here they are compressing the cells back before

12 | they tighten down the lkeeper bars:.

13 ' (Slide.f

14 ~ And he;e was some testing that we did. Our

15 project management, I quess, shortly after the Apollo

16 incident, were kind of interested in what kind of pressures
17 these cells would hold. 8o we ran some pressure tests. This
18 particularvcell was a GE cell, and we tested this one

19 unrestrained. "The picture here was taken at about 300 pounds

20| and we looked at it at 500 psi, and it was still the same

21 shape.

22 ' | “After that we didn't look at it any more.
23 (Laughter.)

24 (slide.)

I Regorters, Inc. |

25 This is the cell after it left go, and it left go
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at approximately 1100 psi.

We blew these cells using compressed nitrogen
and increasing the pressuré at about 50 pounds per minute.
So perhaps if we had éressurized them a little more slowly,
they might have burst at a little lower pressure,

. (slide.)’

This is another shot of a Gulton cell that we
téstéd‘restfained, and -~ |

(Laughter.)
-- here is part of it. This is the kind of testing I like.
That was about 1300 psi.

| (Slide.)

This is a typical charge discharge of thelattery.
And that we performed in thermél vac.

'The battery baseplaté\ is actually the temperatﬁre
control in the thermal vacuum chamber. "It wasn't the battery
itself, it was the baseplate: the battery was sitting on.

So we got about 27.6 ampere hours, and we built a total of ten

. batteries on this program, and most of them are running

plus or minu$' about one\améere-hoﬁr.

So they are all pretty close right. now.

It is a little tbo early to tell if we are going
to have the same problems that Stéve has had and showed us
this afternoon.

(slide.)
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T would like to quickly run fhrough and this is
what we are proposing to our management on how tc handle thé
battery.

Briefly, We.had three 5ésic plans thag'ﬁe considerej
and I will go through and show our handling flow plan. You
probably aren't interested in our schedule. Our flight
battery lab operations ~- in other words, what we do with the
battery in the lab. Our selection-rejection criteria for
the battery and constraints that we are going to attempt
to impose on the project while the battery is on the space-
craft. And then briefly, some of the testing that we
are doing in the lab to help characterize the batteries.

(Slide.)

Plan A. We would not install the flight battery

Auntil we get down to the Cape, and shortly before launch.

This is the way we have handled it in the past. Of course,

on other flight programe, we have flown silver zinc batteries

-and the life theré is a little more critical, we feel, than

it is on the hicad.
In this plan, of course, we would have minimum
handling, and very little uncontrolled environment. And

when I say uncontrolled, I don't really mean it is

uncontrolled, but it is not controlled like you have in the
laboratory.

The disadvantages of not installing this battery
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until you afe at the Cape, 'is that you have no operational
performance data of the battery while it is on the spacecréft
and we don't feel it really takes advantage of the nickad
capability.

(Slide.)

Plan B is going to the other extreme, and put
the battery on the spacecraft the first oppprtunity we havé
wﬁen théy.first start testing. | o

| The advantages.tﬁere are a maximum test experience

at the spacecraft level. BAnd it takes full advantege of the

" nicad capabilities.

The ‘disadvantages that we see in installing
these batteries early in the program, is that the temperature
environment is not really well'controlled, althougl: they
do have air conditioning, every so often it kind of fouls up
and is not.working.

We have additional vibration a£ the spacecraft
level which we feel would degrade the reliability. And this
is a point I haven't seen too much in the literature on,
that is how much vibration can you..keep giving a hattery or
a céll, and when do you feally find out that it is harmful.
This is something that we don't really know.

We have danger of improper testing, putting the
battery on the spacecraft early in the game. And also we feel

that it would require tighter operational constrairts on the
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spacecraft systems test people.

(Slide.)

The plan that we finally came up with here, is that

the battery would be installed on the spacecraft for the

solar thermal vacuum testing, and the final system testing
at the Eastern Taest Range of the Cape.
The advantage to this program. we saw was that we

get the most realistic test data during the solar thermal

. vacuum testing, because we are actually trying to duplicate

flight conditions, temperatures, and we don't feel that
this should hamper spacecraft testing. WE get more meaningfﬁl
data f;om the battery and battery charger interface on the
spacecraft. And it minimizes exposﬁre to possible harmful
environments. |

The disadvantages, possibly, are loss of test
experiencelon the spacecraft and we have considerablv more
handling of the battery, and you-don't know exactly what happe
when they are carting these batteries back and forth between
the battéry lab and the spacecraft. Although we attempt to
have someone ride along with each battery.

We did lose‘out on a point here where the program
management said they would like to see us put'this battery
on the spacecraft for its vibration test.:

(slide.)

This is our handling flow plan. We receivad the
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MORE HANDLING THAN PLAN A

V81T
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batteries from TRW in July. We are storing them ir. the
batteryriab.'-After we get them in from Tﬁw, we review the
log bdok data. We have a hard@are review at the project level
We pexform a final leak test using the phenolpthaiein :
leak test, N
The batteries are cleaned. They go throtgh a

qonformal coating of the terminals and all exposed surface:
That }g terminal encapsulation, not thefmallencapsulation.
And tﬁen it receives temperature control paint.

- Steps 9 and lO'is charge and discharge célibration

which I will mention in a minute, that we perform

- approximately once a month.

So we go through quite a bit of handling and back

and forth between the lab and the spacécraft.

iI willAskip the schedule.

"This is some of the Qork that we are doing in
the laﬁ, storing the batteries, performing conditioning
cycling and then fhe final checkup and conditioning before
flight.

(Slide.)

‘Storing = the battery shorted, in the air-conditioned

room where we have redundant air conditioning, because we have

had problems there. So we keep the lab pretty close to 70

degrees.
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The batteries are képt in locked steel cabinets
in thejr hanél;ng fixturé, with conﬁector savers on, and
we have a minimum of mate-demates on the flight connectors,
and then each time a battery is moved or anything is done
to it,;we keep a record of it and it is monitored by QA.

(Slide.) |

This is a conditioning cycle that we perform on
the batteries every four to six weeks. " And it is ﬁerformed
on a heat sink where we control the teﬁperature of the
battery between 60 to 70 degrees. The charge and discharging
is controlled by our bench test equipment. And the cycle
consists of a 2-amp charge to 37.5 volts and then trickle
charged for 24 hours;

Discharge cycie is 12 amps to one volt on the
first cell. |

The battery is then shorted out and éut back in
storage.

'And we keep a record, of course, of the temperature
and battery cell voltages and the current.

l (Slide.) |

The final physical examination that we intend to

give the battery would be, after it has been on the spacecraft

2L h tw bl omcaas enm A miera d4 o stanAarA 1% amn Adem~hareda se raradtuvah
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from the spacecraft, see what kind of condition they kept it

in, run a charge retention test for shorts, and then bench

test, which consists of diode leakage, pin insulation resistange,

wiring contininuity and chassis to battery leakage, give

(slide.)

Tﬁis is a sectibn'rejection criteria that we use
to pick the flight battery. We have five batteries. »Wg
will be flying two spacecraft,‘sé we will pick two of the

best battefies; we hope. Then we will have a backup battery.

The selection criteria, the capacity, the charge.
time:is 37.5 volté. This should give us some measure of
whether wé'are having the problem that Ste&e had where the
voltage is going up on him. If it goes up on us, we should
probably réach this 37.5 volts quicker than nofma;.

Cell uniformity, that should be delta V between
the cells. And also uniformity from cycle to cycle.

And rejection criteria. I think most everybody
would probably agree, if we have electrolyte leaks cr
internal'shorts, battery to chassis shor;s and mechenical
defects, et cetera.

(Slide.)

Constraints that we will hold the sgacecraft testing

to is a maximum 60 percent depth of discharge on the

2 et
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spacecraft, for approximately 12 ampere hours.
Maximum température that we will allow them to
see is 100 degrees F, at an end of a discharge, or they

should not be over 80 degrees F if they are continuously

~operating.

We will trickle charge the batteries eicht hours
a day. ?his is about a C over 30 rate. Anytime they use
a battéry,vwe are reéuesting that they recharge it at the
higher rate, before they switch to the trickle.

And any notification of any unplanned tests, and

we require that they keep good'records, We have a charge

-voltage versus temperature limits that we hold them to.

(Sliée.)

Some éf the tests that we are doing in the lab.
We are runnin§ overcharged reversed discharge test: ng. Charge
voltage limits. Exténded mission tests.

One of these tests consists of an 80 percent
depth of diécharge. 'A_33 hour brbit. It is about a 3 1/2
hour discharge. The rest of the time is used for charging.

Performing storage tests which are in process,
storing the cells shorted, discharged open circuit, and
just plain open circuited charge.

On the batteries, we will be performing ménthly
cycling: Perform the battery, battery charge compatibility

teat miacinn nrofile tecta an +wn hattarisae. which we have

ol
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STANDARD 12A DISCHARGE AS RECEIVED
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CHARGE TIME TO 37.5v -
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MECHANICAL DEFECTS
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CHARACTERIZATION TESTING

CELLS

OVERCHARGE/REVERSE DISCHARGE - 610-143
CHARGE VOLTAGE LIMIT - COMPLETED
EXTENDED MISSION - ‘IN PROCESS

STORAGE - IN PROCESS

MISSION PROFILE EM 342-106

BATTERY

MONTHLY CYCLING ALL BATTERIES

BATTERY/BATTERY CHARGER COMPATIBILITY EM 342-120

MISSION PROFILE 2 BATTERIES - INITIATED

CHARGE VOLTAGE VS TEMPERATURE  NOT STARTED

BATTERY PCRFORMANCE  1EMP - LOAD - STATE OF CHARGE  NOT STARTED

FNGINFFRING MODFL TEST REPORT
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- variaqus battéfy perfbrmance data -- and I have to go through

the data and look at the =--

193

just initiated. And charge voltage versus temperature and

This is our test equipment -- bench tes: equipment
that is capéble of haﬁdling three batteries. It was
built for us by TRW and is computer ;ontrolleé.. Cng of éhé}
nice‘tpings about this is’yoﬁ don't -- it doesn't spiﬁ out
a lot of data at you. VYou.can set it so that it only
prints out‘é delta V,.sé much .and éaves a lot of paper.

These are tbe baﬁtéries in t kir handling fixﬁure,
and:seétingxnn the;heat_éinksq whichAare thermél electric‘
heat synchs.

(Slide.)

.This'is just a bit of test data heré on the
ceil level. These cells were on trickle charge at about C
over 30 rafe for six monthé, before this discharge was |
performed.

So the dashed line was a TRW data, where they
sgaledfup ﬁhe data from éﬁallef‘cells,‘which “falls in
pretty cloée.

Now their data was based on 70 degree F, where

we have got data points at 80 degree F, which is approximately

room temperature, and a 50 degree F chamber. '
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Now the cells themselves were probably running 3
to 5 degrees.above the 50 and 80 degrees F. At 50 degfees
F you don't see much degradation yet; and at 80 degrees you
see cgnsiderable degradation where thé cell capaciéy is
only 15 émpere hours.

(slide.)

This was the next cycle after the oﬁe I just shoéed,
approximatély 24 hours later we recharged it and discharged
it again.

Aﬁd at 50 degrees F you can see-that we rad very
little degradation, whereas at 80 degrees, even after that
last discharge, it didn't improve much.

So we are intending to fly thése batteries in a
temﬁeratu:e range of low 50's and low 60 degrees.

'That is all.

'-'(Appiause.)

FORD: Thank you, sawm.

“You have a question, Cari?

CARR: Carr of Eagle Picher.

Sam what was the treatment of the cells hefore the

.ttest? Did you say they were trickle charged. 'continuously?

BOGNER: Yes, for six months.
CARR: What was the amps?
BOGNER: Zbout 6.5 amps, 20 ampere hour cells.

FORD: Bob?
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STEINHEUER: Steinhaguer, Hughes.

Sah; I just wanted to comment that we have run
similar propulsion tests to what you described earlier on
Gulton 6 ampere hours cells for the TACSAT 1 program.

However, we pressurized through the vent tube.
We used some cells that were gauged. These were run in the
Surveyor lobster pot, which is a large steel vessel. We
expectéd guite catastrophic results when they ultimately
went, but unrestrained they went in a 300 to 400 psi range,
and it was the stress relief collar around the metal_ceramic
that yielded.

And restrained, they went in the three to 4000
psi range, and it was rather unspectacular, sort of like a
tire blowing out. It may have some systems implication in
that what pressure'restraint do yoﬁ want to design your

battery package to.

In other words, do you want the cell if ..t does
go, sticking into the spacecraft or something less catastro-
phic?

BOGNER: Well, I guess the pressure the cell
may burst at is probably dependent on the rate of pressuriza-
tion. I am sure these might have blown lower if we hadn't
pressurized them so rapidly. 50 pounds per minute, I think,
is much faster than you would get in a practical use.

STEINHAUERIY e pressurized much slower than that.
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FORD: Ancther comment, question?
' CARR: Carr of Eagle Picher.
Just as an aside to what Bob Steinhouer said,

we took a larger cell, such as a 36 ampere hour,and you

restraining it, we can have it yield at about 1200 at the

weld.

‘And I think this is pretty much a function of the
geomet£y.vA small cell, like a little 6, would go to a
hiéher pressure, i am sure.

BOGNER: Yes. Well, these cells, as YOu can see

from the pictures there, burst at the top and at the weld,

'and’right where the terminal seal was through the top of the

ce;l.

FORD: Did anyone monitor for cell shorting before
it burst? . |

BOGNER: These cells weren't any good before we
blew them. They had been exposed to 250 degrees for about 48
hoﬁrs, and'they were shorted.

CARR: - WE had a short cell at 300 psi dic. not have

any short in it after it ruptured the wall. And it was

"like Bob Steinhguer said, it was like a flat tire, just

opened the weld,
FORD: Any other questions, comments, on this
presentation?

GEntlemen, it is a quarter of five. Jerry, do we

s ———— i
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have support here as long as we want it.

HALPERT: As far as T know, the gentleman i the

~booth will stay as long as we want him.

FORD: Well, let me give you the situatiod;

Why don't you all stand up while I am telling you.
I think everybody should stretch their legs at a minimum.

We have four more presentations in the section'.

that we can give, 'That is reélly up to the group and whether

you would like to stay around for another 45 minutes, or --

we have a pretty -full schedule tomorrow, I.underétand.

Does anybody obﬁect to hanging around a little
while 1onger, and finish up the session?

We could take a break now for five minutes.

Is that satisfactory?

'(Recess.)

Is there anyone at the meéting here that. has not
signed this sheet of‘paper, the sheets of paper that wéré
outside?

If not, why don't you come up -- or he will péss
them to you'right now. This is to assure that you will get
a cé?y of the broceeding. AIf your name is not on here,
don't expe;t to receive one.

-Jerry, is this different from the book that
you had outside for them to sign?

HALPERT: It is the same one.
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FORD: The same one. MY 1 - 2 86 70

.If you have signed outside, it is the same thiné.
Just make sure that you have signed your name on one »f
these sheets of paper, today.

Bob, I believe you had your hand up?

Okay, at this time, we will reconvene.

‘Our hext.speaker is Don Mains. Don is in charge
of the ﬁASA portion of the battery test facility at the
Naval Ammunition Depot in Crane.

At this time Don is going to take &bout ten
minutes to discuss some aspects of the Crane program.

Don?

MAINS: The overall program at Crane covers many

.phases'of the testing and evaluating program, and as such,

sometimes it gets qﬁite confusing for people receivinrg our

reports and data to assimilate all that we are doing. So I

thought I might take this opportunity to review some of the

various tests, reports, and give a little bit of the detail,

a little bit of information on what we mean when we csay we are

running a particular test such as acceptance, life cycling,

general performance, separator evaluation, storage, synchronous

orbit, IMP battery evaluation, and someideep space probe tests.

To start cut with, the acceptance tests ccnsist
of three capacity checks, which determine a baseline for the

capacity for all of our future references.

SRS

[ —————
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Next the cells. Once we finish the capacity
checks, the cells are then shorted out with a resistor

for 16 hours until they are completely dischargéd. Then

they are placed on open circuit in order to determin2 the

recovery voltage as a part of the internal resistance, or
internal short test.

Next, the cells are placed in a high vacuum for
24 hours. fhen they are removed and sprayed with solution of
phenol thaline to determine leaks.

This method we have found at thé present time
seems to be the best way of indicating small leaks. All the
methods that we had previously used were unsatisfactory
for one reason or another.

Following this, the cells were then placed on

what we call an overcharge test, where we charge them up at

C over 10 rate for 16 hours to get them fully charged. Then
the rate is reduced to C over 20 rate for 16 hours. Then
again raised to a C. over 10 rate for another 16 hours.

By looking at the voltages at the end of each of
these rates, we can see in what directions the cells are going.
Are they stabilizing, or are they continuing to rise or fall?

Following this we then run what we call an
impedence measurement test with a Hewlet Packard milli-ohm-
meter. Sometimes we have been asked, exactly what does this

mean? Does this show the exact impedence?
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We are notvreal sure, but at least it gives us a
more reliable baseline‘to work from. It is very rep=zatable,
.it is very simple, very quick.

A lot of other methods, the pulse methods, you get
inté all kinds of complicated equipment that is involved, and
a lot of setup time, and when yoﬁ are finished, you are not
sure of the results any more than you were of any of the
other testé.

So, essentially the acceﬁtance test gives us: One,
a method fof removing ahy defective cells and supplies the
data necessary for matching cells for further testing, and it
also sets a base 1ine7for any future evaluations that
might come along.

The most diversifiea program that we have going
at Crane is the life cycling program. At present there have
probably been somewhere in'the vicinity of 2000 cells that

. have gone through this program covering such cells as new
developments, charge control methods, precharge adjastment
and numerous satellite programs such as OAO, Teeter, Nimbus,
050, 0GO,SQ, SAS.

| The test parameters on this particular program
consist of orbit periods of 1 1/2, 3, 8, 12 and 24 hours.
And test temperatures of minus 20, zero, 25, 40 and one
cycling temperature of zero to 40 degrees C.

The depths of discharge range anywhere from 10

L e R et o ety e

R ————
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aml08
! percent to 60 percent.
2 Thus far the program has netted a large volume
3 of data which has been analyzed by statisticians. [t also
4 has given some infqrmation as to life expectancy, weaknesses,
5 and changes in the overall characteristics of the batteries,
6 either those that arevon test, or from one group of test
7 samples to the next, which may indicate a change in
8 materials used, manufacturing processes, or something else .
9 along this line..
10 It kind of acts as an alarm to some of the users
" " that something may be amiss.
12 It doesn't always correlate with the use of the’
13 manufacturer, because the program and the test isn't exactly
14 ‘the same as your flight program.
15 Anothe; extensive program that we run,and it is
16 only run iﬁfrequently, which I would like to give a little
\7 bit more information on, is our.general%pefformance.
'8 This test is run to determine the actual performancg
, v
'9 under various ratés and temperatures. Normally we take 5
00 cells from any group that we select, start out with an
;l environmental test of random vibration, sinosoidal vibration,
;2 mechéhical shock and acceleration: All of the levels are
;3 qonsistent with those that are used for flight hardware.
;4 buring the envirommental tests, the load is applie%
“memﬁ-ég sd 'that'we ‘might be able to get to detect any variations or
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abnormalities that might occur during any phase of the test{
FblloWing the environmental test, the cells are
then charged at rates ~'varying from C over 40 to 2 C to 100

percent of the manufacturer's rated capacity. Then they are

- discharged at the C over 2 rate, to zero volts to datermine

_the amount of actual capacity that was accepted.

After this sequence is run, the rate then is refun
at temperatures at 40 degrees, 20, zero and minus 20.
Following all of these charge rate temperatures, we then
determine the most efficient charge rate for each temperature.
Following that, we then go through a similar sequence where
we charge the cells at the most efficient rate, but then
discharge at rates from C over 40 to 2 C down to zero volts.
Again characterize the amount of capacity that the cells
have accepted.

Following the charge, and discharge characteriza-
tion, then we go into an overcharge which again starts out
at a C over 10 for 16 hour charge rate at -- with one cell
at each temperature of zero, minus 20, 20 and plus 40 degrees
C. Chargiﬁg at C over 40 until the voltaée stabilizes and
then increasing the rate up to 2 é, or until the cell voltage
shows a decrease of .05 volts, or a temperature iacreace
-- or the temperature reaches 77 degrees C,at which time
the test is terminated. |

And some of the results that we have found, is

U
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that the charging voltage starts out at minus 20, starts
ch;rging at about C oVer 10, at zero degrees at about C over
5, and coming all the way up to 40 degrees, the best or most
efficien£ charge rate is the 2 C rate.

And a similar situation appears on the discharge
rates. So that if yéu are going to cperate a battery at
high temperatures, you are going to want a high rate charge:
and a ﬁigh rate discharge, according to these tests.

Other programs, the separator evaluation program
consists of ‘three individual tests. A ~30-day sténd, a
constant potential charge tést, a constant current charge
test.

In this test, the cells are placed on chiarge and
dischargé on a 24-hour periqd. We charge them at a constant

potential, and discharge them 100 percent depth, and

continue this until the cells eventually fail, in order to

evaluate various types of separator material.
"I believe more will be said about this tomorrow.
Another program that we have been runninj., this

is the start of the fifth year on it, is a storage program.

We have two groups of cells, one group is on a trickle charce

of C over 100 rate for a year. Another group stands on open
circuitry for a year.
The results on this test are a little bit ~--

I might say confusing, in that there is no real trend as to
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one method is better than another. It depends on your
application.

If you have to use the battery immediately upon
the end of the one-year period, you better have it fully
charged, because on the stand there is nothing left.

But if you have timé to recondition it, you will
come out with a little better capacity than if you have beén
trickle chérging it for the whole length of time. Eecause
the'more use it gets, the. capacity appears to drop off after
thenlong trickle charge.

Another program we are running is a synchronous or-

bit program, where we are:simulating’the synchronous type

orbit, the eqﬁatorial synchrbnous orbit of a stand period
of 140 days, and then a charge—discharge period of about 43
days, starting with abbut a two-minute discharge, increasing
to 72 minutes, and then.décreasing back to two minutes, and
then going on to the charge st;nd again.

- Depths of discharge at theAmaximumhtime range
from 60 to 80 percent over a temperature range of minus -
20 to plus 40 degrees C.

These results have been reported out just recently
for the Gulton 6'émpere hour éells, and we hope within the
next month or so to have a report out oﬁ some Gulton 12
ampere hours cells with auxiliary electrodes.

-One interesting factor of the auxiliary electrode
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is we found at minus 20 degrees, the celk could not accept

any trickle charge at any rate.

" We got it down as low as our equipment would go,

and we still continued to get high voltage and high pressure.

"So we just stopped any charging. The cell stand during the

-- more or less the sunlight period on open circuity -- and

then during the shadow period, we charged them and discharéed
them._TheyAseemed to work well under this type of criterion.
So this might be a new approagh that if vou get
down into iéw temperature range, get the cells recharged,
then just shut them off and let theﬁ stand. They might operate
better if you can recoﬁdition them and then right before you
go back!into your shadow period.
Another program we are running is an IMP program
where we actually simulate the program that is covered by

the IMP battery. We are nominally about 30 to 60 days behind

the launch. We receive the data back from the battery if
it encounters discharge or any other conditions, we try to
simulate these. The high vacuum and so forth.

So far we have been able to come up with fairly
close correlatable information that helps occasionally that
if some condition.is expected to be encountered, we may Jjump
the gun and run a discharge ahead of time to see how well
the satellite will perform. |

For example, about a year or so ago, the IMP .
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satellite that was in orbit around the moon, encountered the
eclipse of thé moon. It was going to be in the shadow for
approximately 6 hours, and the question. was, how lcng would

the hatteries last?

To the best of my information, the results we

"obtained, said that it would last ébout‘S hours ané. 15

minutes or so. And I think we were off by 15 minutes by what

. the aétual.satellite information showéd.

Inthe‘~way.of deep space probes, we have been
runhing two‘programs for the Jet Propulsion Lab on silver
éinc and silver cadmium cells, consisting of storage and
cycling intermixed, ranging at storage from about ninus 50
degrees all the way up to =-- 50 degrees C up té about 40
deétees c.

.And this progiam is still going. It hasn't come

to a definite conclusion as to which is thé best method, or

- gives the best results.

Another program that we have started is 100 ampere
hoﬁr test program, that is just now underway. And I might
say I was pleasantly surprised that the manufacturér had
givén us some results and said this is typically what you
are going to get on these capacity checks, because doggone
it, they were right, for a change,

(Laughter.)

The temperatures fell right in with the area that

- e e 17
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they had said. The pressures and everything worked just

beautiful.

And when you see 100>ampere hours sitting there
and expect that thing to blow, you don't want to be anywhere
near it and running it a 100 amp discharge, you stert
wondering. So, all I éan say, I am pleasantly surprised that
they were right on the money this time.

‘Another thing that Crane is in the process of
doing is procuring and installing a new data acquisition
system.

This new system will have some unique characteris-
tics, such as a uniform time interval for test conirol and
data acquisition. A more precise timing sequence,will be
able to record more data at more frequent intervals when
it is necessary, will have more accuracy.

.And maybe the biggest point-to the new syétem will
be the fact that people will bé'removed from most of the
data récording. It will be done automatically. The recording
on magnetic tape; And in this way, hope to come up with more.
consistent data, and less confusihg and erroneous data,.if
there has been any in the past.

Thank you.

(Applause.)

FORD: Thank you, Don.

Are there any questions?
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Yes, BobVCorbett, Lockheed.

CORBETT: I was curious Don to hear what you said
about the impedance test.

I wondered what the conditions wére? ﬁoes the
millivolt meter come out with a five—volt.signal, or is it

~- (Inaudible.)

MAINg,.The instrument we use is a Hewlett Packard
model 4328A, and it reads out on the scale in actual milli-
dhms éhat can be either recorded on a charf recorder, oOr
tékén and read by an operator.

Typically now we are getting results in the area

other methods we have been using, the impedance methods. But
all the cells seem to be in this general area.

_Now we are hoping in the future to be able to
follow some of these cells now with this method on throﬁgh
life.

| "For example, wé run acapacity check. Also include
this impedence measurement to see, is the impedance
chénging? But the previous methods, it wgé pretty difficult
to éet up all the equipment required to run a pulse test at
that time.

| CORBETT: I might mention relative to that,
we have been conducting a program for about three or four

months now on battery impedance over-a widé range of frequencyl
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and we find that almost everything that you can do in nickel
éadmium cells in terms of the charge or discharge states,
the impedance is independent of over the range of, let's say,

one to ten hertz. And this -- well,for example, if you

U

take the cell almost into reversal, you don't see its impedanc

MAINS: I believe this instrument operates at

around'oné kilohertz pulse. And agéin, we have run similar

tests; where we run through a-cfcle of charge and discharge

and saw very ‘little impedance variation over the whole cycle.
CORBETT: Yés, I think that as an acceptance test,

it is almost a worthless one, the impedance test. .
. : i

‘-MAIN§=Well again, like I said, sometime:s this isn't
tq accept or reject a cellz but to lay a baseline -:hat we can
look at in the futuré.

CORBETT: Sure.

In the tests we ran with the pulse test. the only
informative value we got from the test is one that we
compared the-results for cells with the polypropyline
separator. And of course there was a préftysignif;cant
difference in the impedance. ThelDC resistance, essentially.

| FORD: I might comment that before Crane started
using this, we had ohe meter in here -- we had one meter at
Goddard for about one year, ané‘we were very intefested in

any concept that would give you a quick, snap measurement.
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resistance, that is C rate charge or discharge for a short
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period, sauafé wave fashion, the fact that that isn't‘
very différept from tﬁe 1 KC method, that you have
been using, would indicate that the reactiwe compénent
probébly is negligible at that 1 KC.

FORD: Yes, it is the capacity of the component

CORBETT: Yes. I think it is probably negligible
at that frequency.
fORD: Yes, Dr. Lauthard.

LEUTHARD: The cells that were carried for the one-
year period, those that were carried in the discharge state,
what state of discharge were they taken to, and how many
cycles were performed on the cells after this one-year period?

-'MAiNst ON the storage tests, botﬁ_groups were
fully charged at the beginning of each yegr; and then

allowed -- the one group stood on open circuit from a fully

then placed on a C over 100 charge state.

At the completion of the year, they follow the
eneral outline of our acceptance test, where they receive
the same three cycles of capacity and short test and everythin
else, right down the line.

LEUTHARD:' That must bhe the same data I saw in a

39
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report that came out of Crare, then?

MAIﬁs:Yes, there was one out last yvear, I believe,

There is another one due out, it is in our print shop and should

be out within a month.

LEUTHARD: All right, now. If I understand correctly,
the celis that were oﬁ the trickle charge, or flow charge,
showed a decrease with subsequent cycles, and the ones tha£
were not carried in the trickle charge state, showed an
increase.

MAINg.This is correct, and they have done that
again this yéar. - Similar trend.

| LEUTHARD: Well, was there any data on cells that
were discharged, say, to one volt-and carried for a year, and
then +-

MAINs:No, these are the only two packs that we
have on this at the present time. We don't have any others
operating under conditions like this.

iEUTHARD': Thank you.

GROSS: Gross, Boeing.

We have made analyses of the Crane data, as I
suppose‘lots of other people have.

One thing that you find out readily is that in
attempting to take data on pack life, and to use this to
get -statistically meaningful information on batteries with

the larger number of cells, there is quite a definite error

e o s e e
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involved to do this.

The only way this can be done is to go right back
to the individual cell information and -- so in order to
aid in statistical analyses, I would like to have it more
easily availahle to get the data on the cells.

In the beginning of each annual report, you surmariz
all the prior history on the packs. It would be helpful to
have this expanded a little bit so that we have the individual
cell déta as well as the pack data. |

Now, one of the important conclusions on the work
that I have done, is that theré is a very significantly
large Sigma on the failuré distribution of the older packs.
This is extremely important, if you are trying to make
reliability predictions. We tend to think in terms of the
average failure life, but you must have, in addition to
average failure life, you must have good data on Sigma, the
distribution of the probable error, in spite of extremely
large expécted lifetimes. If you do not have a reasonably
narrow Sigma, all the work you have done is to no avail.

So, one of the things that I would like to see
is some tests, some day, that are aimed at specificelly
pinning down what Sigmar might be for a modern day- cell.

All you need is money.

MAINS: Right.

I might answer briefly on that.

0
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All of the data that is gathered ié avallable;
The volume is so large that we haven't attempted to report%
out, like Sid says, all of the cell data individqally. Anyone
Qho is looking for results of this type, if they will
contact us we will be glad to furnish them‘with the data.

If there looks like “there is going to e enough
interest, we could try to put out a volume or two covering
all of these results. But the Qolume.looks like it would'bé
pretty large right now.

. FORD: Don, would you comment on -your microfilm
program?

MAINS: This is something that we were just now
getting pretty well perfected, and that is that all of our
life cycling data that is on magnetic tape can now be
microfilmed,and at the present time contained on about six
reels of microfilm,

So that if you have the capability of reviewing
microfilm; this might be one way of getting the actual
test data that is being accumulated.

FORD: Would you care to comment on the cost of
those?

MAINS: It is abour $4 a reel, I believe, is what
the present cost is.

FORD: Jérry, do you have a --

HALPERT: Halpert from Goddard.

1
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The point‘of Sid's is well taken. I would like to
add to that.

T would like to see included in the reports, some
of the manufacturer's data, or at least traceability to
manufacturing plate lots, plagque lots and what have you, so
that we can go back, if we see data on cells that have beén
worked for a while, go back to the original data on the
platesAahd see how they were originally set up. This way
we have goé complete tracgability from the beginning to the
end.

| ‘MAINS: I might say, és this data is beginning
to become available to us, we are trying to incorporate this,
because a lot of people call ﬁp and say, is this‘the same
cell that we are using? And a lot of times, I don't even
know what-the cell is.

So we are working real close with Godda::d on-this

right now, to get this information fed to us so that we

can include this with the rest of the data.

FORD: I would like to make a comment along that
line, in view of the fact we have the manufacturer's
representative here. We are considering the idea o: going to
an IBM format, and this would be very helpful if the |
manufacturers would look at théir data recording techniques

and see that you could not reduce your normal recording
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when he gets his package of data, if he so chooses, can
reduce it to iBﬁ cards, which canbe put on magnetic tabe.
And once you have got in a format for IBM cards, I think it
is pretty straightforward. It requires some man hours, but
it would be up to each individual user to follow thrcugh on
whether he wanted this or not.

Earl, I believe you had a comment?

CARR: That is about $20,000 worth, just as
a quick response to your thing.

MAINS: Well, a lot of times you might think it
is that much, but really you are recording the data on
something right now -- we went into this. We used to record_on
straight épread sheets and then have to copy it over, or
reassemble it for keypunch operators.

'CARR: Qh, I agree. I think it would be 1real
cost effective, if we could do this.

MAINS: Well, right no& what we do is again record
our data as if we were going to just tape the handwritten
data, but use compﬁter format sheets. This way then, if we
decide to have it keypunched, the individuadl-that wants it
key?unched can have this done.

It doesn't mean that all the data has to be
retransferred and that, because most of tﬁe data sheets that
we had made up and I've secen others make up, cannot be

readily transferred over to a computer format without really

A
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instructing the keypunch operator on how to punch it up and‘
everything.
CARR: We think this is the way to go,and we

are striving to get there.

FORD: We are not saying you have to put it:on

cards, Earl. We are just saying if you putiit on format, we

" will take care of putting it on cards, if we so choose.

CARR: Well, really and truly, and this is offered
for what it is worth, the optimum system for us woald be to,
during the manufacturing conditioning cycling, to have
the equipment generate punchcards. This Qould be ideal for
us, because we have the computer facilities available to
then treat the data.

Our problems that we have so far with either
manufacturing cycling, which we call conditioning cycling,
or acceptance test or other tests, is that we suffer from a
-- I don't want to use the term, but it is -- data diarrhea.
And it is a veyry serious pfoblem, and this is something that
we have been trying to overcome, and I think that this is a
step in that direction.

I would like to say one more'thing, with regard

to data, in response to Sid Gross' comment, and that is I

" think that you probably have the data to generatersigma

and other statistical information from your cycle life prograr

We have, and we have -- I wish I had brought that.

'y
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I have got the curveé which were drawn from the regression =--
in other wordé; we toék the cell data, and like Sid said,

we didn'£ just treat the fifth cell failure in ten, we used
the indiwvidual cell failures to predict Sigmas for.each

of the operating temperatures and each of. the depths of
discharge. And I will show this in just a minute.

I don't have the Sigma, I don't have the
regreséibn; analysis, but it is pretty straighﬁforward
statistical information. And I think it is real good.

S0, once you ha§e it on IBM format, it i3 pretty
straightforward.

| And then I have got one more thing, and this is in
the terms of a question to Doﬁ; and that is: I think we
have heard some information so far which relates to
improvement of performance of existing batteries, like don't
trickle charge them, seems to be a general good conclusion.

What other conclusions can you generally draw
from YOur testing in the ﬁear earth orbit type of applications]

I mean, we hear lots of things, and this is one
thing I definitely want to~discuss~in the workshop, and
that is, how do we get to longer cycle life?

So I know that one thing that is coming out of
your testsis that operate them at lower temperatures. And

I was wondering what kind of reliability data do yon have

for the imbpravement af nerformances?
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MA1N$=I am not sure. I don't have all the data
with me, but as far as -- like you séid, operating at: lower
temperatures is one major improvement.. By lower tenperatures
this is around zero degrees C. You start going down much
below this toward minus 20, you start running into other
problems, pressure probléms, tha£ are difficult to get
aroundg.-

Another imbrovement is a higher rate recharge
with very little overcharge.

Most programs in that have been calling for 120

- to 140 percent overcharge. WE have had real good results on

a lot of tests wheré the overcharge has been limited to maybe
107 ~- 105 to 107 percent of the amount of discharge. In
this way it seems to extend the life. your capacity remains
quite-bighf and all around better performance°

!AThere are probably oéher conclusions, but I can't
think of any right off the top of my head.

’FORD: Bob:Steinhauer.

BTEINHAUERs Have yoﬁ studied this cell resistance
with respect to state'of charge? And, over a large cycle
life?

MAINS: We haven't studied it és far as we would
like to. We just have been using the instrument for less
than a year nowv. We have checked it over a charge discharge

meemT A TiA T mAankdiAanad rmiratvrimselsr . and eaw ‘vervy l1i¢+le
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This wasn't really a good test. It was some old
test Qe had standing around tﬁere. We put them through a
cycle or two, just to see if there was any major swings.

Wevhave a céuple of ﬁrograms right now,and I don't
héve the most recent results as to how the impedance is
changihg.with time. But it was set up specifically to
answer'this Question, as to how long and how far can we go, an¢
what kind of changeé do we.ggt on these?

STEINHAUER: We have run some tests on smaller
cells that are seaied, but foﬁr aﬁpere hour that seemed to
indicate that you hit a minimum in resistaqce of about
three?quarters of full charge and the quarter -~ and full-
charge points are about the same. A little bit higher.

IN other words, minimum is 20 milliohms, the
full and quarter state of charges is about 30 milliohms, and
then in a ;tate of discharge it runé up to about 9C
milliohms,.but I don't krow how that changes the cycle life.

FORD: Dunlop, and then Dr. Mayrer.

DUNLOP: Just to follow up. what Carr from Eagler
Picher was saying, I would like to know Qhat it is that
you see that needs to be done, based on your test program?

I am going to put it in terms of synchroncus

applications. He used near earth application., What is it

i
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battery to extend the energy-density to the use, to increase
tﬁe lifetime?

MAINS: I guess one thing that has been brcught
out several fimes, and that is more consistency in tte
manufacturing of that. A more traceable process so that we
can go back and see exactly what the problem areas are.

And one of them that is definitely known is the
separafor material. I think that is true in almost‘all the
tests, and that ié the reason now why zero degrees; or in
that vicinity, we get the best operation, because the problems
wiih the Separator are minimal there.

DUNLQP: The second one is depth of discharge?

MAIﬁBzThe depthAof discharge.

From oqrvsynchronéus tests; we ﬁave gone up to 80
percent and again at-the lower temperatures, the operation
looks fairly good. |

DUNLQP: When you say 80 percent, 80 percént of
what?

MAINs. It is 80 percen£ at the -- this is 80
percent of the manufacturer's rated capacity at thé naximum
diséharge time. This is at the 72-minute period, and we charge
and discharge at the same rates, so that the firs£ day the
actual depth of discharge is COnsiderably lower, and it
continually increases up to the 80 percent.

FORD: Dr. Maurer?

v oa R e e e e e ek o e LR R gl
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MAURER: I would like to ask what kind of
reliability you have with your test equipment itsel:I?

How many failures of eocuipment occurred\during
the cycle life of the battery, and how much do they contribute
to the life of the_battery itself?

DOIfhey lead to failure?

MAINS: On the cycling equipment we have - I
would say -- fairly good life expectancy. We may, in a
year's time -- oh, the majority of our down time is
considered,‘of due to commercial power loss. Actual'equipment
loss is very'minimal. We have some equipment that has been
running now for five, six; seven years with no down time
other than power outage.

Most éf our eqguipment we have enough dup.iication
where we can slip»another component in within 6ne cvcle,
so that wé lose very little time actually due to eqﬁipment
malfuncﬁion.

 Our biggest problem right now isvin the data
acquisition end of it. But we can't always record the
data because of down Eimes there.

MAURER: Does the malfunction cause failure in
the battery? For example, go to a higher voltage than you
intended or --

MAINS: Normally we have alarms to protect us

either for higher. voltage or lower voltage. And we Fave
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operators that are on duty 24 hours a day, so that they are
cheéking this intermittantly, and are available any time an
alarm would occur, so that very seldom do we lose a battery
due to equipment malfunction.

Right off, I can't think of any that we have
actually lost due to équipment maifunction.

MAURER: You stated that you are getting a
computefized system with magtapaoﬁtput.

I -just wryly comment that we hé&e a system with
300 data pair pbsitions on it with magtape output, and
occasionally the magtape has .- times and voltages recorded
as swear words. And computers being the straightlaced things
they are, refuyse to read these.

MAINS: Yes, this is a‘major problem.

Our system, as envisioned right now, will have

approximately 2000 data inputs. We will have two magnetic

tape recording systems. We are looking for as much reliabilitj

and redundancy as possible there. If one sysﬁem does not

record, or does not accept the data piopeply, it will kick it

over to the other tape recording device. If:neither device
will operate, then the operator knows about it.

We are trying in every way to get around any of
these problems. We have had them on the system we'havé right
now, where we can punch paper tape and the computer won't

accept it either.

~
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With magnetic tape, you can't readily lcok at it
and say, Qell, there is a bad spot right there. So we are
trying to build the equipment with this reliability in it.

MAURER: That is the major problem you have, is that
you cén't read the tape after it has beén written. There
may be parody areas, oOr things of this sort that you don't:
find out about until the day that you take the tape off and
try td'read it.

MAINS: Right now we are looking for, probably, a
system with a.read after write capability, so that if it
doesn't read what.it thought it wrote, it will give us an
algrm, if everything is working properly.

(Laughter.)

FORD: Do I ha#e any other questioﬁs rel.ating
to %he Crane test program?

Yes, gentleman here.

WILL: Will, General Electric.

WE have observed in studies of individual cadmium
electrodes, which we have kept under constant voltage
conditions rathexr than keéping them under Erickle charge,
thaf we obtained very beneficial results. Namely, we observed
that we could keep the electrodes for months without any
ill effects. And I wonder whether similar results have 5een

obtained from nickel cadmium batteries, where the wvhole

battery, in fact, could be kept under a constant voltage,



32mm

10

R

Repcrters,

12

13

14

15

16

17

13

19

20

21

22

23

24|

Inc. {!

28

225

which is just-slightly above the thermodynamic. voltage of
the whole battery?

MAINS: At Crane we haven't done any individual
cost potential stand tests of this type.‘ Most .of them have
been the charge-discharge type, wherewthe cell is cycled to a
potential level for>a period of 24 hours and then discharged.
A cycling type test, rather than a storage test as we are
runnihg‘on the two pécks we have.

FORD:» Yes, Sid, just one more question.

GROSS:. I just want to clarify,Don, isn‘t your
C over 100 trickle only slightly above the open cir:zuit-
voltage? |

MAINS :They might‘be setting ﬁhere. I haven't
looked at the data for so long -- it doesn'£ give us any
problems. But it is not'controlleﬁ. It is a straight C over
100 rate.

- GROSS: But you had concluded that the C over 100
trickle charge was not as good as the open circuit?

That there was degradation in the C 6ver -

MAINS: If I rgméﬁber correctly, we are getting some
fairly high voltages there. By‘fairly high I mean for room
temperature they are probabiy running 1 52 maybe to-1,55,
something like this.--

GROSS:. Well, that is pretty high.

MAINS: -- after the long charge. Now these ae
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just off the top of my head.

P?oblems it looks like we are running iato there 
is electrolyte distribution. After the long charje period,
the electrolyte doesn't seem to bhe as well;distributed
within the cell. You.see the dry spoﬁs and so forth when
the cells are open, and at thg end of each year we do open
one cell from each group and make a comparative analysis to
see what the variations are.

VERRIER: VErrier, SAFT.

.I couldn't let this questioh remain in my head, and
not come out.

If most of your problems in down time are equipment
failures, havé you ever considered emergency power using
a nickel cadmium battefy?

(Laughter.)

MAINS: I figure we couldn't justify the cost of it.

FORD: Bill Ryder?

RYDER: In answer to. a question by Duni%p before
when you were asked what you thought could be done to improve
overall iife of the nickel cadmium batte;ies, you said
that uniformity of materials and methods ané processes and
so-on.

Now this is a nice ﬁotherhood and sin statement.
What, in your test data, which applies to individual.cells

-- what in the actual testing that you have done on individual
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cells -- léads you to thaﬁ conclusion?

IN batteries, of course, it is obvious. If you
don't have cells reasonably well grouped, you have a problem.
But in your program, where does this point up? Where do
you find failures that you can ascribe to lack of control and
so on? Where is your failure analysis?

~ MAINS: Well, a lot of cells, when the fail cell
is opén, if you find a hole about the size of a quarter in
a 20 ampere hour plate, for some reason this has gctten
tﬁrough. If these cells are hand-made, as most of the
aerospace cellsthould be, or at least are claimed to be,
this is kind of gurprising. When you find cells thrat .the
edges' of the plétes are just sheared off, there is no
coining, ﬂo attempt made té contain the material, they are
ragged and rouéh, this type of process; we have gotten cells
where the sepaéator maﬁerial was misaligned, wherevthere
would be as much as a quarter inch of the plate where there
would be'ﬂo separator material“between them.

VERRIER: Well, the first one of those coculd happen
in service and might not be noticeable during manufacture.

The other two are QC problems and éhould be
caught before the cells are assembled and shipped. They
are not wear rotted.

In cother wordé, you are running rather essentially

wear-rot ‘tests. And all I am saying to you, Qhat ig thére
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in the data‘that you are getting -- the results that you are
getting -~ that says,!if:. you do control this better, or that
better, vou will indeed improve life?

MAINS: That is catastrophic, okay?

VERRIER: Right.

FORD: Okay, I think we will proceed on to the
next speaker.

Thank you, Don.-

I would like to sy thé NASA portion of {he CRane
program, I- think one of the'problems is we probably do not
‘get the feedback from industry and from the usefs, and we
.are certainly open-to ¢ériticism, critique and any suggestions
that you people in 'scrutinizing theAdata may have to help-
‘ué ~improve it. |

I offer this right now. Most 6f you know what
our telephéne nuﬁber is."Most of you are aware that you can

get the data. But the one thiné that I find missing is the

. fact that most people don't speak up when they feel like,

that something aéditiopal should be done than what was done.
You may hear about it through the grapevine, but you
certainiy don't hear it person to person.

and I, for one, and I think I speak pretty well
for the group at Goddard here in this ﬁrogram, would be
glad to hear from people that have complaints, that have

suggestions, let's say constructive criticism type. We have
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‘think he would like to discuss on the 25,000 cycle life batter

* earth orbit.
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all made mistakes in the past and we are going to continue to
make them in the future. But we would like to benefit from

what you found the mistakes to be.

At this time, I would like to introduce Earl Carr,

times py now. He has a few comments and a few questions. I

| CARR: Thank you,Floyd. N‘?l -2 8671
We, as a battery manufacturer, want to do and‘
accomplish the things that, le£'§ say in long life batteries,
that you need. |
.We use thevterm 25,000 cy¢le life unit. T think

we are talking in terms 6f a five-year battery in a near-

This.séems to be.one of the more difficult
requirehenfs thaé seem to be in tﬁe'futu:e.

We are spending a lot of time énd é lot of our
resources in exploring what wé can do and what the problems -
are in attaining this kind of life.

I mentioned earlier that wé have done some

analysis on data we have on ourselves. I would like to just

put these on the viewgraph. First of all show this page
here. What you all can do is look at the difference in
data. I hope this shows up.

(Slide.)
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The first sheet, which is a table, and many of
yéu have seen gt. It is some data back from 1965, It
represénts the fifth cell failure in a ten-fail group at
differgnt levels of depth of discharge and differen: tempera-
tures. |

ANd as'Sid Gross poiﬁted out this is somawhat
questionable whether you can use the data just like it --
YOu knbw, for what purpose.

-(Slide.)

The next curve is a regression analysis treatment.
I do not have the particulars on this, but I will see that
Floyd gets éome for inclusion in tﬁe minutes.

This is a log plot from the data of the

other sheet,and which actually considers the particular cell

failure number of the first five cells of each ten-cell group.

Now we extrapolate it up to something like 11,000

-cycles for -~ I think it is 10 percent depth of discharge,

or something like that. Could you raise that up a little
bit, Tom. I ﬁean get the bottom up?

VOICE:  That is all ‘I:can get.

CARR: Weil, whatever it was =-- This is like pre-
charge. I thought I understood precharge when I came here,
but i don't know what i understand any more after listening

to this today.

Anyway, it shows an extrapolated point at 10 percent

PN
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depth of discharge at abou£>ll,000 cycles for each of the
temperatures.

Now, Don Mains has pointéd out that yog can get
better data, or get better results than this by operating
in the regipn of'zero.degrées c, and by changing the type
of charge regime that you use.

_So this data represents essentially constant
currenf charge and constant current discharge on the average
curréht basis over a Qijinute orbit,

As I said, I will see that the data from the
regression gets into the minutes for the meeting. It is a
statistical treatment of the data, but it shows what you can
do with, in this case, 75 failuré pointé\ ‘Thelsigma variation
that we had was approximgtely 350 at the higher depths of
dischargesf We have it down to about a 500 Sigma at --
predicted at 11,000 cycles, which was a 10 percent depth.

Now basicaliy, in trying to get to long-term life,
I want to'consider just the wearout modes. I am noé really
going to.discuss quality control points. We are working with
a lot of effort in these areas. Everyone is spending quite
a bit of money to improve’quality control, process control
and so forth.

There are threé things that I can -attribute Qear-
out in nickel cadmium: One is>separator breakdown, the |

second is cadmium penetration, and the third is the negative
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fading or ghe.negative plate wearout, Qhatever you-want to
céll it.

I really would like to throw this thing open for
a discussion, although I want to say a few things, in that I
would like to know from the test‘agencies and from users who
haQe test dgta, what type of things can ﬁe_expect at the
currént state of the art, based on your programs?

I would like to know -- or we would like to know
- wﬁat otﬁer work is beingvdone in the éreas of negative

fading,precharge, and the cadmium migration problem? For

~example, we have shown in the analysis on fail cells, that -

the plate accumulates largé inactive crystals that we
identified as'qadmium hyéroxidé;

Now.we,—— I think there is some oéhér cdata.
available,.which shows that thgre may be formations-of(
carbonates or hydroxy carbonates. |

We are wondering if'maybe the problem s not i-is
cadmium migrétion within the plate? 'Is-the plate effeétively
being sealed by the materials, the cadmiuﬁ materials
themselves at the surfacé of the plate?

So.these are the three areas that we look
for as wéarouf modes, and I would like, maybe sometime
tomorrow, if the chairman has time, to discuss those areas

in more detail with anybody else' specific referenace,




REGRESSTON ANALYSIS OF CYCLE LIFE DATA FOR
. EAGLE-PICHER 20 AMPERE-HOUR SEALED NICKEL-CADMIUM CELLS

Earl S. Carr
Donald J. Doan

Cycle life data is typically shown according to Table Number I
with failure of a sroup usually determined as SOZYOf the test sample.
More data is obtained by review of actual cell cycle failére number as
presented in Table JI. However, assessment pf'reliability is not
readily,apéarent, nér is reliability information at depths of discharge
other tgan tbose tegted{

| This presentation_iliustrates the use of regression analysis
as an aid to gain édditional expected cycle life and réliability infor-
:mation from the data for cycle life tested cells.

Briefly, the procedure is to first compute the regression model
ér eqﬁation (see Draper and Smitﬁ, Applied Regression Analysis, Wiley)
and then use this model to predict (Y (Pred)) the expected life witi an

}estimated sténdard deviation or error (S. E. (Y)). The calculation of
"reliability" frbm these quantities to méet a specified Qalue of 1ife'is
not presentlyrsatisfactory except.to state that the reliability will be
a function of the "K' value as defined aé follows:

K = (Pred. Life ~ Spec. Life)
Standard Deviation

The larger the "K" value, the larger the reliability number.

The analysis is presented on the following pages:



TABLE I

- TABLE II

Part A

Part B
Part C

Part D

Figure 1

Summary of Cycle Life Test Results
Eagle~Picher RSN-~20 Nickel-Cadmium Cells

Cycle When Individual Cell Failures Occurred

Definition of Variables and Sectting Up The
Correlation Matrix

Determination of The Regression Equation
Use of the Equation to Predict Xnown Values

Use of the Equation for Prediction at Other Operating
Parameters

Graphical Presentation of Results of Regression
Analysis
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TADLE NINERR I

SUMMARY OF OYCLE LIFE TEST RESULTS

DAON-20 AMPERE~BOT NTOUTL-cAMIUM CELLS
. PERCEN  CYCLE
EHPERATURE. ) DEPT:l OF PERIOD (YCLES
‘C, DTSCHARGE - HOURS ﬁg&PLETED
-10 25 1.5 8544
-10 : 50 1.5 3225
-10 75 1.5 2075
5 25 1.5 9150
5 50 1.5 5593
5 75 1.5 2237
25 25 1.5 3413
25 ~ 50 1.5 3759
25 . 75 1.5 3201
33 , 25 1.5 8016
33 50 1.5 2579
35 - 75 1.5 1623
50 ' 25 1.5 3449
50 . .50 1.5 775
1,5 35

50" 75

Testsbconducted independently by Inland Testing Labotatory,
Cook Electric Company.

Depth of Discharge based on 20 A-H, nowinal capacity
at 25°C is 27-28 A-H.
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TA}“ % TE - BP-20 A Nickel-Cadmium Cell Failures

YCOLE WZEN INDIVIDUAL CELL FAILURES OCCURED BY GROUPS

E GROUP ﬂiqRST SECOND THIRD | FOURTH | FIFTH
NUMBER |_"CELL CELL CELL CELL CELL
1 5§517 6929 8432 8527 8545
2. gzzze 3226 3226 3226 3226
3 1948 1967 1967 2076 - | 2076
4 | 5022 5036 5069 9167 9181
5 | 2786 2816 | 3440 4916 " 5594
6 | 1933 2093 2205 2205 1238
7 17129 | 7927 8135 - 8247 8414
g .| 2079 | 3040 3376 3552 2760
g - | 1937 3020 | 3020 3292 - 2292
10 | c6ze 6565 | - 7953 8017 8017
i1 881 2002 2577 2580 2580
12 1416 1549 Cysa9 | 1sa9 | 1624
13 1744 2192 2821 3385 3450
14 755 | 775 775 776 776 §
15 36 36 36 | 3% 36 é
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PART A - D FINITJON OF VARTABRLES AND SETTING UP OF THE CORRELATION MATRIX

. The following information shows setting up the terms of thz poly~

nomial to fit the data of Table II.

- squares fit.

DEFINITION OF VARIABLES

X 1 =2 1= INP
X 2 =2 2 5 INP
X 3 =2 352
X & =.2 &4 n 7
X 5 =2 5 &2
X 6 =2 682
X 7 =2 7382
X 8 =2 81382
X 9 =2 9 &7
X 10 =Y 1 g INP

C NN - CC

——
e 3 ol % A K o

WO NN NN N N N DO

-3

%k

0~V Ll

0+0500

" AVERAGESs VARIANCES) AND STANDARD DEVIATIONS

>

Pt .

[OX¥sTe ENTo 30 FLY TVY KT 024
N .
HOOOWOESNOK <
e c oo eoc o0 0o (G
O NP PNONIO .

N O MW O P

362
CORRELATION MAT

1 2 -
1 14000 0000
2 04000 14000
3 04913 04060
4 06862 0000
5 0¢804 00000

.6 0a767 04000
7 0e000 00989
8 04000 04966
9 06000 04940

10

-

U
e
i

L

OO

-4 Py

8
9

A O~NI= D \N-JOY
— P OUMO-OOESOW0

X

3
06913
0.000
1.000

4

04862

Qe987

0e963
0e942
0.0C0
0009
04000

06000

0.987

1,000
0,993

00982_

04000

0000
06000

, S
1503 '
0422
2534
9600
1028 1
7922 3
0431
0298
0186
6117 262

5 6

0804 00767
0000 0,000

00963 06942

Ce993 0.982.

1,000 Oe997
04997 laOOO
Ce000 Cal0OC
Oe OOC 00000
06000 04000

t
8]
3

HOOO~HUMINO——~
e o000 eoecoc O
P NOOONNO
PLWNCOT W00~
o N -Jdundrhohouno
(SNSRI N0 Wl o R NI a3 6 1]

7
06000
0e989
02000
06000
06000
00000
1000
00993
0,979

N=

8
040093
0a966
0G0V
CeCOO
04000
0,000
06993
1,000

04996 12
=0¢358=Ce743=00453-00475=04482~04482=00698~00651~Cs611 14000

The method used is th2 least

75

9 10
0e000=043253
06940=006743
06000=0e453
06000=0¢475
0s000~04482
06000=00452
0e979-06598
0e996=0eb51
16000=046



PART B = DETERMINATION .OT THE REGRESSION EQUATION

The regression equation is shown in two forms as presented below,
This equation represents the least squares fit of the data c¢f
Table II. The equation is derived by the steps presented in

Part A. ‘

The "B Coef s'" are the respectlve variable coefficients and the
constant (R) correspond to the following:

232F

CLIFE = K + X1 Bl + X2 B2 + X12 B3 =emw=
X RSQR X B COEF SEB) T ANALYSIS CF Y 1
1 069713 99464013 66100574 | 1050
2 De3795 »=32216a2265 405241137 =769
3 (0e9982 7 2181,7929 12}255517 1677
4L 0e999R =m274LB,9375 1843028;7 ~1450
5 0699996 £84,0258 87965902 0677

6 069695 . =2548975 155:9520 -0s17
T 09795 22735.5172 401165419 5666
- CONSTANT MULT F  DF1 DF2 RSQR; RESIDUQL 2

13363435744 554706 7 67 Oo80}1047695e37613 =5

= 1024, = Residual Errox
VARIABLES IN MODEL = Y 1
X B COEF
1l 994 ,:,4013
2 =32216:2266
3 218167939
b . =2748.9375
5 684.0258
6 - =26,8975
7 22735.6172
8 . 0s0000
9 0.0000 .
CONSTANT= 13383435744 -
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DAR™ D = USE OF THE'EQUATIONIFOR PREDTCTION AT OTHER OPERATING PARAMETERS

The regression equation is especially valuable for determining
.reliability information at untested operating temperatures and
depths of discharge.

Standard Deviation Data (s. E. (Y)) are obtalned in addition to
the preoLcha cycle life.
The following example provides 25°C cycle life prediction at depths
of discharge of 11%, 15%, 20%, 30% and 35%. Standard deviations
© are also pnov1ded for each of these depths of discharge.

0BS .  Y(03S) Y(PRED)  RESIDUAL : £
1 040000 663506357 ~5633.6357 259 8414 [ORY DLV
1 72 000000 575307324 =5763.7324 287.8238 ~5463]
76 060000 1098546113 =1098566113 6207181 . =10.732
77 0,0000 ~9933,4140 =9933.4140 25207493 190932
78 ¢0000  B8720:4765 =~5720:47¢5 37063591 -84519

A note of caution should be expressed concerning the predictions

-in Part D. Those for 30% and 35% are interpolations while those

. for 11 to 20% are extrapolations. The latter are, of course,
. less accurate as shown by the larger standard error (S. E. (Y)).

- Also, charge control methods are not included in this
analysis. However, we believe that the data are conservative as
there are techniques of charge control that can extend nickel=
cadmium battery life.

Earl S. Carr
Donald J. Doan

EAGLE~PICHER INDUSTRIES, INC.
NOVEMBER 18, 1970 :
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miJ. 40 1 . ~‘FORQ: Thank you, EArl.
2 Jim?
3 ‘ DUNLAP: I have one comment.
4 - I have just recently read a reporf by Dr. Scott,

5 .who.happens to be here, from TRW, and I think that the first
6 thing he picked out as a failure mode was the posit:ive electro-ie.
7| At least he mentioned it.

8 . ' And I do think that Qe -- I, in my own testing --
9 ﬁave.seen a loss in voltage, particularly with the trickle
10 Chargé type of storage. I am not sure it is not in any

11 type of storage you might also see this.type of loss of

12l voltage. - And I think this is a loss in voltage at the

13 posiiive eleétrode, and I didn't hear any comments made yet
14 in terms of wearout modes or-failuré modes with respect to
15 positive.

16 And I-jhst wondered, have Qe solved all of the

A}

17 problems of the positive?

18 -'CARRf I don't know Jim, whether we have or not.
19 | | The failures that we observed on the.data that I
20 just pre#ented; were failures of thé negative plate by and
.2] larée. | |

22 I guess really that is it. As fgr as wve know,

23 the cells failed negative limited on long term cycling. This

24 is in a near-earth type application.

aral Reportess, inc.

25 It may be a completely different matter in
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out at that time that there is a lot more that is undesirable

- regards the criterial for cell failure. Because dependent

-your criteria for failure could be quite different.
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synchronous orbit.

DﬁﬁLAP: Okey.

FORD: Bob Corbett?

CORBETT: Regarding what Jim just said about cell
failures, and recalling what Sid was sagino about the

Undesirable format of the Crane data, I was going to point
from the statistical standpoint in the Crane test, as

upon your specific system and the voltage regulation that

you requife, "for example, and the rates at which you operate,

: For example, ih the in~house tests that we have
run, Ihave attempted to look at cycle life from the standpoint
of how long can the cell survive as an energy storage device?
But if you look at it from the spacecraft standpoint, I think
from most of the spacecrafts that you have got up there now,
1.1 volt, for example, is considered failure or an improper
operating mode. Or perhaps 1.05 volts.

| I think there are some artlcles in llterature
whlch I can't think of off hand, which -- in which there
is a correlation made between the lost of'valency on the
positive electrode and low voltage phenomena.

- But ofvcohrse, getting a low voltage'on the

positive needn't be a systenm failure. It depends upon your
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design.

I would like to suggest that from the testing
we have performed, it might not be a bad idea, and I guess
TRW is on to something like this =-- it might not be a bad
idea to have a battery that is allowed to go down po eight~
tenths 6f a volt per cell or something equivalent to
that.’ Perﬁaps this is a more optimum design.

FORD: That is certainly one approach to get a

longer life.

Df. Scott?

'SCOTT: Scott, TRW.

I believe that.tﬁere is becoming clear, a greater
and greatér'diétinction bgtween the important failure modes
applicable ﬁo a short orbit, that is a 90-minu£e close earth
orbit, and‘thosé applicable té a synchronous orbit where:; by
the nature of the‘beast; one is pretty well forced to
operate at much Higher maximum deéths of discharge during the
cycle.

We are pushing 80 percent depth of discharge, for
example, in one program, and I am -- I believe thet the
effect of operating at th;t level on the positives is much
different than operating at 25 to 40 percent depth of discharg
in a 90-minute cycle.

And it was primarily in relation to the hidgher

depth, 24-hour type cycling eppropriate to a synchronous orbit

z)
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that we havevobserved primarily failure of the positives,
and relptively little failure of the negatives under the'
conditions that we have been.usihg.

And that is why I mentionéd that in that repéft
that Jim referred to.. Here again, I guess it is‘relative to
the question of tailormaking cells, also. i think that that

is the way the thing is likely to go. I believe that the

to diverge more and more from the optimum deéign for a 90-
minuté closé earthlorbit.

FORD : Thank vyéﬁ.

EArl, and then woul& you pass it ove to Bill Ryderi

""CARR: Carr of EAgle Picher.

[

'I would like to pass on one more data point. We dig

~

some testing at 100 degrees F whére we deep depthed the battery
We discharged tﬁé battery to one volt or so average. It is
Qery‘difficult cyéles on the battery, just continuzlly to
cycle the battery. o

We noticed the capacity dfopped off from, let's
say a nominal 36'amperé hours down to 25 to 27 ampere
hours. It dropped almost linearly each cycle,‘and it seemed
to bottom out at about 25 to 27 ampere hours.

And by using the case as a rough reference, we

determined that it was the positive, so that I am sure this

is some substantiation of this type of deep depths.
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ml44 ) And with regard to deep*depth, I would like to
2 pose a questibﬁ to the users. We are asked many times for
3 a ten-year near-earth ofbit battery, or what can ycu do
4 toward that? | |
5 - Is this’really a true application?'
6 -,Aré thefe applications for low-earth orbit
7 satelliteﬁ for ten years? O:;'are we really looking for deep
8 " depths of discharge to increase tﬁe effective watt hours per
9 pound? | | |
10 FORD: What is wrong with both, Earl?
T " {Laughter.) | |
12 I.think the answer to both questions is., yes.
13 CARR: Yog guys want eve;ytbing.
14 FORD: I believe Bill Ryder had a question?
iS RYDER: I just want to say that the question I
16 _asked befofe, perhaps unféirly, of Don Mains, is appfopos
17 to this discussion, and if I hgarder. Carr's little
18 presenta#iOn first, it really éxpressed it very much better.
19 In ot#er'woras, we tend to live with what, in the
20 Army they uéed to call SOP, Standard Operating Prqcedures;
21 Standard Operating Procedure today on any
2 questions that has to do with battery performance or life,
3 is tighten all your controls. Weigh yoyr plates to a gnat's t
Y eyebrow, control this, control that and control the other |
nawmmw.gg thing.
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mnl4s 1 ' f am not against this, and I think thaﬁ ‘these
2 things are necessary. But we have talked today, and Bill Cétr
3 has pointed out some points here, that aren't necessarily
4 related to this at all.
5 | So my question is, still is, and I don't expecf
6| - to have a pat answer to it. What does the Crane data --
7!l Crane has dbne the greatest améﬁnt of testing on these
8 lcélls -- what does this really point up, if you analyze it, in
9 the wéy of overall improvements or chénges that could or
10 shéuld be made in nickel cadmium célls?
B! - Thank you. |
‘12 - FORD: I would like to take a stab.at that, Bill,
13 4in a couple of areas. |
14 | One, I think we have pretty well gotten most of the
15 problems résolved. MaYbe_for the five-year. I am not sure
16 there is'a,fén~yéar seal available yet.
17 | ‘I think in the areas of the seals, some of the
18 deficiencieé have been pointed out preyiously and are now
19 -- most of.them have been corrected.
20 -‘ I think one of the things that disturbs me most
21 wheﬁ I read some of the reports coming oﬁt now, that poly-
99 propylene separator ié going to be the solution to all our
23 problems.
o4 ‘ ‘And I don't think it is. Particularly vhen you
Mmew”'gg talk about designing right now, you are both familiar with
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20 degrees C. Polypropylene I don't think is going to
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the requirements of the spéce station batteries, zerd> to

solve the problem. The cells are going to start failing
because of cadmiuﬁ migration before the separator deteriorates:

The separator is the one area right now is the
major weaknessiin our system that we are workiﬁg with.»

Are there any other questions?

WILL: Wiil, General Electric.

I would liﬁe‘to make a few remarks in regard t6
thé questions raised by Dr. CArr from Fagle Picher, which
refer to cadmium migration, and the fdrmation of cadmium
hydroxide crystals.

' We recently completed a study under the sponsorship
of NASA Research Center in Clevelaﬁd, which was ddne under
conditions of oxygen freedoh and carbonate freedom. In fact,
simulating all. the conditions in a cadmium.battery plate,
we were able to look at the phenomena occurfing in this
simulated battefy plate under the miéroscoﬁe, And we did
observe that conditions of high rate charge favored the
formation of small cadmium hydroxide crystals, while conditions
under low rate discharge -- did I say charge before -- I
meant to correct that to discharge -- high rate discharge
favored the formation of small crystals of cadmiﬁm hydroxide.
Low rate discharges'favored fhe‘formation of very large

crystals of cadmium hydroxide, which then are obviously very
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ozl 47 difficult to recharge.

2 However, if one now charges and allows sufficient

3 time for the charging, then the cadmium hydroxide does

.4 dissolve, and subsequently forms dissolved species without
5 cadmium ion. cd (04) 4 or, cd(Qﬁ}z minusg,: ..... , which are
é tﬁen electrodeposited in fact, on this cadmium plate, and on-
7 subsequent discharge, this becomes again available in the

3 dischafge capacity.

9 - SQ I believe that some of the questions which

10 are being'raised with regard to some of the phenomena

1M occurring in cadmiumlattery plates, we were able tco understand
T2 by s these studieé on simulated plate under the miéroscope.

13 | FORD: Has this been reported in the final reporﬁﬁ

"%

'14 or are you still -~

154 ' : "WILL;.The final report is}beingbqompleted and will
]5v beysubmitted to NASA shortly, probably stiil within the month
17 of Decéﬁber.'

18 ‘ FORD: Other qguestions?

19 We really have one more speaker scheduled to talk
20 on accelerated testing.. Seeing that it is such & late hour,
21 I think we should try to hold that and probbably pick it up
22 and work i£ somatine tomorrow.

23 - Jerry, is this acceptable. I think Gjo'clock

24 is a reasonable time to ask anybody to stay here.

Roportats, Inc. | . - . , '
25 : So, if there are no further questions, we will






