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

HALPERT: I would like to welcome you all to
Goddard Space Flight Center for the 1971 NASA/Goddard-
Aerospace Industry Battery Workshop, devoted particularly
to nickel-cadmium batteries.

We moved into this more intimate room this year
because we felt as though we would have a small representation
from industry and government, considering the problems in
business. Instead, we find that we have more people this year
than we did last year. So that's either an indication that
we have more problems in batteries or more people interested
in batterieé, and probably a combination of both.

We have sent out a tentative agenda, which I'm
sure most of you should have received.. I'll have some addi-
tional copies a little bhit later.

You may note that our schadule is very flexible,
and the purpose in doing that is to spark participation by
all, or as many as we can, in discussions of the various
subject matters. We can make it ‘a real workshop by having
everybody participate. If you have any information about a
particular subject we would like you to feel free to take part
It in turn may bring up other questions or poéoints of
interest. In this way we can keep the workshop rolling

smoothly.

We do have a few planned papers of fairly short
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duration which will kind of introduce each of the'subject
areas.

The subject matter for this morning, which will
be chaired by Tom Hennigan, will ke separators.

I would like to introduce Tom Hennigan up here
in the front row.

(Mr. Hennigan standing.)

Tom will have a session on separators, and then on
seals, anticipating that that will work our way toward
lunch.

In the afternoon, Floyd Ford will be the session
chairman.

(Mr. Ford standing.)

His subject matter will be celi performance
and specification experience.

Tomorrow morning we will be talking about
materials and pre-charge, and I will be the chairman at that
session. |

And in the afternoon we will be talking about
thermal problems and other aspects of nickel-cadmium batteries
that the attendees care to discuss, and Dean Maurer,
from Bell Labs, will be the chairman at that session.

Anyone who feels they will have something to

say, who has not contacted one of the session chairmen, we
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would appreciate if you would do so, so that he knows to
call on you at the particular time,

Also, if you have slides of a particular variety,
35mm cr lantern type, we would like to know that ahead of
time, because we have both types.of projeciors available and
it would take some minor setting~up time ahead of time.

We have also available down here in front an
opaque projectnr. If you have some data that you want to
discuss, you'can prepare your own data and show it right

here on the opaque., If you have some vu-graphs, we can
use the vu-graph projector.

Gene Stroup is here, in the back.

(Mr. Stroup standing.)

Gene is going to handle all of the changes in
addresses, If you have a change in address for mailing,
if you're not receiving literature and would like to, Gene
will get your name and address and put it on our conputer
listing.

So if you have any corrections or changes, please
see Gene, or contact him at Code 761.

Also, I will have a sign-in sheet a little later.
This sign-in sheet is important for our recorder to have,
so that when Mr. Bloom is recording what you have to say,

recording your name, he will have the correct name and

address to work from. So we will send around a name listing,
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this morning, in addition to all of our American friends,
to try to understand some of the problems we're having with

nickel-cadmium batteries.

ground rules for our workshop. Mr. Bill Bloom from Ace-

Federal Reporters is sitting here to my left. He is going

e

We're very pleased to have some foreign visitors
with us this morning.

From Canada, several persons, who or whom we're very
happy to have with us. . Joe Lackner and Ron Haines of
the Defense Research Establishment.

(Mr. Lackner and Mr, Haines standing.)

That is D-R-E, Defense Research Establishment.
I want to get that straight for the record.

We have from the Canadian Department of Communica~-
tion, George Hackie.

(Mr. Mackie standing.)

And from Telesat Canada, Ed Hendee and Mike Stott.

{Mr. Eendee and Mr., Stott standing.)

From Leigh Instruments of Ottawa, Nicholas
Balke.

(Mr., Balke standing.)

And from SAFT, France, Silvio Font.

(Mr. Font standing.)

We're very hapoy to have all of you with us

I do want to tell vyou a little bit about the
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to record verbatim what we will be d.scussing, There is
some minor editing done, mainly to remove the coughs and
the laughter expressions inthe paper, but all the entire
proceedings will be produced in a document at the end of the
session; which we hope to have to you within the space of a
monin.

There are ~ome additional copies of last year's
sessions, And if you were not here and would like to get
a copy, they are in the back of the roon.

when vou are speaking, if you have a prepared

paper, we would appreciate your giving the title of the
paper, your name and company. And if you have questions
from the floor, would you Pplease identify yourself by

name and company, carefully, so we can have it recorded

_ properly. - -

We have three microohones =-- two in addition
to this one -~ around the room, And hopefully the exteneion
cords are long enough so that we can pass them around, so
that everyone will have the possibility of speaking if they

desire to.

We will print, as we did last year, all copies
of photographs and data, and vu-graphs. So if you are
using visual material, we would appreciate having
copies as soon arter the meeting s possible, so that we

can include them in the notes. We found that this worked
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out very well last year, and hope that it will work out
this year.

We intend tohave a couple of coffee breaks each
day, one in the morning and one in the afternoon. And we
will try and break promptly at noon for lunch. The cafeteria
at Goddard is expecting us, and either Tom or I will give
you directions on how to get over there at that time,

If you have a problem with travel arrangements,
ovr travel office is-avaiiable, and any one of our chairmen
would be very happy to get you to a phone to contact the
proper people for your reservations and inférmation.

We hope possibly tc have, during one of our
breaks, a short tour of this building, which you may find
very interesting.

We have a catwalk over here that runs along the

building that covers the test and evaluation area for satellite%.

We're not sure exactly how that is going té be planned in, but
we hope to arrange it.

Also, there is a museum of all of the old Goddard
satellites in one of the other buildings. And if we can
fit it ir, we hope to have a walk-through of that
museun,

There are some displays and there will be some added
displays set up, and there are some excra copies of documents

that have been produced in the past around the room, and
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during the breaks if you desire you can take a look at what
is available. There are several from Goddard, as I said,
there are several copies of reports, and there are also copies
of last year's minutes of the meeting.

Well, that's all I have at this particular time.

Is there any question ahout the ground rules or
about how we are going to work the meeting? Any problems
we can ask about at this time?

(No response)

Okay. Then I would like to introduce our first
chairman for this morning, Tom ﬁennigan from Goddard Space

Flight Center.
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HENNIGAN: Thank you very much, Gerry.
I would also like very much to welcome everyone
here this morning to Goddard Space Flight Center. I gquess
this is our fourth workshop meeting of this type, if we don't

count the one we had at Edison a few years ago.

And I would also like to emphasize again the purpose

of the meeting is to get people to discuss their problems,
their results, And that's beneficial to everybody.-

I just would like to say something about the spec.
You know we all wrote a spec some years ago, the Goddard~
Industry Committee on process and material control over
ni-cad batteries. And without going on too much about this,
it had to be reduced somewhat to a practical spec; which
worked out fairly well,

As far as we can tell right now, most space
programs use this spec, all programs use at least parts of it.
The battery companies have come around to accepting the spec,
And the cost of the cells with the spec is about a hundred
dollars per cell extra. So it wasn't the five times the
cost that people initially said it would go up to.

Of course that was with the initial spec. We've
had to back off from that one.

One thing I probably éhould bring up: when the
meeting is going on,if there is anything you don't want to

record, or have recorded, just tell the fellow to shut it off,
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But don't forget to turn him back on when you're finished.,

Off the record.

(Discussior off the record.)

HENNIGAN: Now let's get onto the separator area.

I guess for some years we've been trying to get
a better separator for ni-cad battéries in particular. Al-
though the nylons have served their purpose, it doesn't seem
to be a long-lasting separator. Especially if we work around
25°C and 40°C, the cells fail within a year., If you can
run the battery at 0°C you can live with nylon. But that's
not normally the case.

You have to give the spacecraft guys a tolerance,
and we're trying to shoot for zero to 25°C., I think we've
convinced most people not tc go to 40°C. any more, except
for very short periods.,

ay -

Now 1

think the main thing in the ni-cad area has
been to find a polyprophylene material which everybody feels,
or thinks, or has data that will last longer than nyion, but
has the same good properties that nylon has in the cell,

I guess there are about six or seven different polyprophylenes
going avround these days, and people have test data, and we
would appreciate to hear from you this morning. I guess about
four or five people have volunteered to give us some informa-

tion, including myself.

So if Bob Steinhauer is ready Bob Steinhauer from

sy e
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Hughes Aircraft, he has a short presentation on some scanniny
calovrimeter work on separators.

STEINHAUELR: Good moraing,

Just a few comments., In our low earth orbit
srogram that we're doing for Wright-Pat, we're using 50-ampere-
hour ni-cad cells, of which we have evaluated several from
different manufacturers. But the point that Tom just brought
cut is that whereyou are using a large size cell especially,
where is the limitatica in the separator? And we were parti-
cularly concerned with heat, and where would nylon sepgrators
degrade?

We ran a differential thermal analysis trying
to simulate cell conditions, which means a flow of oxygen
with some 32 percent potassium hydroxide solution, along
with, in this case, Pellon 2505 material, And I would like
to show this curve,

(Slide 1.)

These correspond to zero, 10, 20, and so forth,
in degrees C. We ran similar curves for polyprops, and there
is no problem there on out.

We're particularly concerned with exotherm starts,
namely the hydrolysis reaction with the nylon, As you can
see, they've labeled it as 36°C,, which is pretty close to
95°F, It's just a question of whether it's 35 or 36, but it's

right around in that point.
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if you want the center cell of your battéry pack; 0 keep

the electrolyte temperature below this point, you have to
consider your spacecraft shelf temperature on that particular
satellite, and then back off from that, so that that center
cell is not going to reach this point.

We felt that this would give us a reasonable
definition. We knew that the nylon would hydrolize; the
question was where, and where did it affect us on this low
earth orbit program with the 1a£ge sigg cells.

The other point that I wanted to make is that
we have indeed operated cells with the polypropylene separators
in them in S50-ampere~hour size, and we have not incurred
any of the pressure problems or some of the other problens
that people had been concerned abcout with polyprop.

Thanks,

HENNIGAN: .Are there any questions?

Did you mention what polypropylene you had?

STEINHAUER: We measured six different types,
and all the curves by this analysis came out just about the
same. There's no proplem until way on out. There is no
hydrolysis reaction as such.

HENNIGAN: What I meant was, was it GAF or

Pellon?
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STEINHAUER: I quess I don't understand....

HENNIGAN: Who made- the material?

STEINHAUER: We had materials from Kenda}l, from
Pellon, from GAF, and one or two other sources. We did
not evaluate Hercules.

HENNIGAN: Are tﬁere any other questions?

I guess the next speaker on separators who has
asked to talk is Mr. Gandel £rom Lockheed.,

 GANDEL: Thank you, Tom.

The.title of this paper - I will honor it with
that: I've got three sheets in front of me -- is Accelerated
Life Cyclé Testing.

At Lockheed we've been doing a lot of work with
about a 45-ampere-hour nickel-cadmium battery cell. And in
fact we currently have that battery in flight.

The work that has been done so far, or the actual
batteries we've built are based upon the Pellon separation,

Iﬁ order to improve the long-life characteristics
we décided to investigate polyprépylene, and in conjunction
with Eagle Picher we have been doing these investigations

for about the last year and a half.

Eagle Picher had evaluated the available poly-

" propylene separators, and based on some of that earlier work

we decided to design a simple experiment based on two of the

best polypropyleanes and using the Pellon as a standard.
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In order to accelerate this testing as fast ;s we
felt was safe, we went to twice the cyclic rate; that is,
the normal sixteen 90-minute orbits per day were adgpted to
32 45-minute cycles per day, with about 22 minutes of discharge
and 23 minutes of charge,

There were sixteéﬁ cells constructed, either with
Pellon, eight with polypropylene. The two Pellons built into
the cells were the Pellon 2505, which was compressed to a
nominal 10 to 12 mils., The ne#t group of four cells was
with the 2506 Pellon compressed to 8 mils,

Where we used different separator thicknessés we
adjusted fhe thickness of the cell, so that we at least thought
we maintained the same compression.

And these cells contained nineteen positives.and
twenty negatives.

The Pallon received no special treatment, as opposed
to in the polypropylene we subjected that separation to three
wash cycles with ethahol and three with water.

The polypropylenes buiit into the cells were
first the WEX 124R by GAF, and that was in the 10 to 12 mil
thickness. The other polypropylene was FT 2140 by Pellon,
and that was 8 mil" material. Both of the polypropylenes
received the same wash treatment.

The results to date are-- Well, first off, on the

nominal 45~-ampere-hour cells, on checking capacities under the

-
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charge-discharge regimen, all of these cells fell within the
45-to-52~ampere~hour range.

The specific discharge characterisﬁics were under
a 10 percent depth of discharge =-- that is, half the cells
were under a 10 percent depth of discharge, half at 20 percent
depth of discharge. The rates Qere 12,3 amps discharge and
13,2 amps charge on the 10 percent depth nf discharge, and
twice those rates on the 20 percént depth of discharge.

The end of charge voltages-- If I may digress: the
test is being conducted in a 50° temperature chamber, so that
the max temperature on the 20 pércent depth of discharge where
we have a charge rate of 26.4 amps goes up to about 62°F,

So for the total experiment the temperature range is between
50 and 62°F,

The end of charge voltages with the 10 percent
depth of diéchrage, or the 13 amp charge rate, falls in the
1.44 to 1.46 volt range., And then when we go to the 26.4
amp charge, which is ﬁominally a C/2 rate, we end the charge
at 1.46 to 1.50.,

Ag of this date we have 3400 cycles, and the plan
is to continue until failure. And there is no evidence of
failure on any of the cells yet., |

Are there any questions?

HENNIGAN: Thank you,

That number you have, 124k-- The people from GAF
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here, is that your number? 1242: okay.

I think I'l1 go thrcugh the area that we‘'ve been
testing for the last year now.

We gave some data on this at- the meeting last
year, and we were just getting started and all we had was
some characteristic data on tlie materials themse;vgs, But
at this time we're up to about 4000 cycles on the cells that
are still going.

Let me just real quickly go into how we're testing
these cells,

.Wb're testing at 20°C. They are 6-ampere-hour

[

cells, and there are six cells in each pack, except for one
set, which is Hercules, where we have eigﬂ£ cells.

| It's a 25 percent depth of discharge, and a
90-minute orbit.

We (ry to maintain the charge rate at 120 percent,
but we could::'t do that, ~SO we had to back off. And I'll go
into that later.

The requirement is that none of the cells can go
over 155; if they do, shut them off. Or they should not go
over 80 pounds gauge. |

On every 1500 cycles, and we;ve done this twice
now, we've taken out one cell for analysis of the separator,

Presently we have six packs at 4000 cycles and one

pack at 2500 cycles, and three packs have failed before
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a thousand cycles.

BRIGGS Briggs, Philco-Ford. You say three
packs failed. How did they fail? |

HENNIGAN: Very high voltages: pressure, and
sports. They just weren't very good at all.

N?w in this first one, it shows you one set of
separators. I want to make sure it's understood that we
picked these separatora'as separators that would not work,
I'm sure the company can make separators that will work, but
these were some that were selected that would not work;
that we didn't think would work, and they didn't,

(Slide 2.)

I don't know how many of you remember this chart -
from last year, but it shows the separators from Kendall,
All the "E" separators are from Kendall.

The reason we didn't think they would work was
because of the high A/C resistance, the low air permeability.
We l:ailt these into cells, “T" means it was treated, "W"
means it was washed, and "AR" means 1; was as recaived.

And that's how they failed.

The treatad ones were not cycled at all, and the
rest failed pefore they could re§ch a thousand cycles.,

Again let me emphasize they were  picked to show
that we could predict failure in the separators.

(Slide' 3 o)

-

|
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Here's another set. That ST 2140 is Pellon,

2505K4 is Pellon. Hercules is Hercules,

We put another pack in recently, 2505ML, and that's

about a thousand cycles behind the rest of tha cells that are
running.

There have been no failures in this group.

I think one of the most important rumbers t> look.

at on this chart is the air permeability of 14, which seems

to be very low, to predict “hat the separator might not work.

But it actually does work quite well.

(s1ide 4.)

These are the GAF separators, the as-received and
the washed-qut. It in general has properties that you think
would work in a.cell. There have been no failures,

As I mentioned before, every 1500 cycles we take
cells out and analyze the separator' again. I can't show all
this data, but I have the data from 3000 cvcles for the
materials that are still running.

(slide 5.)

In the first column wc have the Crane pack numbers
and the type of separator. In the sacond column we have the
sample,

Now Samples 1 and 4 are towards the outside of the
stack, maybe'about two plates in, Samples 3 and 4 are in

tne center of the stack.
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Now what we have analyzed for here is the amount
of KOH, carbonate, the over-all amount of material that the
separator is handling, and dimensional changes.

The third column, wet weight over dry weight
minus 1, is the wet weight as it comes out of the cell compared
to the dry weight after it has been titratéd and washed.,

As you can see, the ones we're trying to compare
the polypropylenes with are the nyloﬂs. In general, that
ratio comes out to be around 1, in some cases higher. The
Pellons are all fairly low, except Hercules which looks like
it has a similar value to nylon materials.

The next one is the thickness'of the‘material
before it went into the cycle test and after it came out,
You see some of the polpropylenes don't change much, or not
at all. But Hercules and Pellon change a little bit. Nylons
tend to change quite a bit,

Now in the last column we have what we call the
absorption of the separator, which is the grams of electro-
lyte or whatever is in the separator over the dry volumn,
Normally nylons here come up to about'.S, polypropylenes are
low, except Hercules has about ,5.

(slide 6.)

I just want to show yéu quickly in the absorption

thing what we're confronted with.

We start out with a separator that has KOH and water
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in it, and we end up with a separator that has the rest of
this material in it. We have all the data on the mil equival-
ents of carbonate, KOH, and you spot-check, anyway, on the
amount of cadmium you might expect.

The first check is flooded. We really don't like
that test,

The second check, on the right, is starved as it
comes out of the cell.

I think what we're going to have to do is‘go back
and make the measurement on the first piece again., We éon't
like the method. We have all the virgin materials that went
into these cells anyway, and it's not that much of a chore to
do this,

(Slide. 7.)

Now let's say something about the capacity,

voltages, and so forth, how the cell cycles.

Let me mention that it's rather difficult to run
this many tests with different materials, and I have to give
the guys at Crane a lot of credit for the way they're running
this test. Pret+; much you've got to play it by ear, because
you've got quite a few different types of separators, and we
just can't set it up like 25C5ML,

However, one of the criteria I looked at on the

print-outs anyway, and to cut it down to a reasonable amount
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of data, was, how much does the end-of-charge voltage spread

during cycling. And this data is pretty much for almost

3000 cycles.

As you can see, the four onthe top are the poly-
propylenes, the three on the béttom are ﬁylons. The most
interesting nylon is the 2505ML, which has a spread of 20 milli{
volts, which is pretty good, and it's what we like to see.

The‘k4 in ;he nylons has a spread of around 40,

but it has a very high voltage. Most of these cells like to

hang in around 1.50 where the Mi's are down around one-four-three

The other K4 which was washéd out had about an
80 mil spread, but it's just the most random data; it just
doesn't make any sense. Remember, that separator was washed
out, the agent was removed.

On the polypropylenes, the only separator that
hangs in there at a low value is'Hercules.

The FT 2140 most of the timé stays-within 50 milli-
volts, but for several hundred cycles it went hﬁywire; the
spread was 120, and then it quieted down again.

On the extreme right we have the percent re-
charges that will maintain the cell capacity. We won't go
to one~-five-five on any cell, and we'll build up no pressure.

So it looks like ir. general we have to keep the

recharge fairly low., The highest one being Hercules, and the
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lowest being standard nylon.

There's another interesting thing that came out
of all this. We all know that the voltage of the ni-cad
deéays with cycling. And call it what you want, but we start
out with a nice flat curve and eventually it Qorks its way
down a little ways.

I'm not picking any separator here; they're all
about the same as far as this curve goes.

(Slide 8.)

For instance, this is the 2505K4 as received.

On the first acceptance test thgt we did at Crane, there are
the ampere hours out to the various voltageg. In other words,
where the arrow is sitting on top of it, that's the average
of the six cells to 1.2 volts., The next line over is the
average-go l.15. The next one is average to 1.0, and the
next one is 0.5.

And then we give it another capacity check. And,
for some reason, most of these cells kind of lost_on this
second capacity check. But they were all'well over 7, 80 we
didn't worry about it too much.

But now after we cycled it for 1500 times, this
is the capacity here, for 1.15. That used to be.the capacity,
1.15; okay? So it's just over - slightly less than 4., And

I didn't bother with the rest. We just plotted-- Oh, yes:

this is to 1 volt and this is to half a volt.

PRI IR

T
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So, when you look at it, we're not doing too bad
in holding capacity to half a volt, or even a volt.

There is our decay, ‘"hich most people don't like
to work with; the Systems guys, anyway; because it's a little
difficult.

Of course, then :ight after we do that 1500 cycles

we do another capacity check. And all the cells built back

up again.

(Slide 9.)

There's the capacity, 1.2, 1.55, 1, and 0.5,

An interesting part about this, no matter what
separator we use, all seven we're running right now, they all
show the same characteristic. Some are a little worse than
others. I didn't really have time to show them all. I just
wanted to show the general trend.

I think that's about it.

Here's how they recover. It might be of interest

to.you.

(Slide 10-11.)

This is a print-out of the ampere hours versus
the voltages., For instance, let's-- On cycle 1422; I normally
refer to this as 1500 cycles; here's our capacity,to 1l.15,
here's our canacity to 1, and here's the capacity to .5.

It's really not capacity here; it's plotted in
time. In other words, 2 is 6 ampere hours.

Here's the recovery on cycle 1423. Here's the

capacity to 1.15, to 1, and to .5.
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Here's our capacity check at cycle 3000, approxi=-
mately. We go down again, then it recovers again,

In general, all cells do this, But there are a
couple now that are getting weak., One or two of the poly-
propylenes seem to be weak;

We get this data on every cell, So it's not the
pack Qetting weak, it's cells here and there getting weak.

We}l, that's about it, It's an awful lot of data
that I went over rather quickly, I guess.

So, do you have any questions?

Mr. Font?

FONT: Font, SAPT, Did you adjust the amount -of
electrolyte in your different --

HENNIGAN: Yes, I had to.

In general, for most of the cells that are running
right now it's about 4 cc's per ampere hour, 4.3 cc's per

ampere hour.

I think the Hercules and the Pellon have the same
amount. The others may be a little bit less, maybe a cc or so.

Fred Betz?

BET2: Fred Betz, Fairchild. Two questions} Tom.,

One, do you have any explanation for the performanéen
of the Hercules with the low permeability? In other words,
air permeability has generally been accepted as being a

reasonably critical factor. And Hercules was fairly low.
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That's the first question.

Second, is there any explanation for the high re-
charge requifed on Hercules? Are thay related?

HENNIGAN: I don't have'any explanation for that
low air perm., And the separator works right, as I mentioned.
If I had looked at the separator before, it might be one I
might not have chosen. .

The reason it was chosen, though, is because it
wets so well, wicks. Por instance, the number we had to do
wicked 30 centimeters in half an houf; for the rest, some
don't even wick at all.

Why do we need the 110 percent? The rule we are
working with out there is to make sure we get enough capacity
back in the cell so it won't ruﬁ down on us. Aﬁd you keep
the voltages down, and so forth. But to push them as hard
as you can. In other words, if those cells would take 120
percent we wpuld charge them at 120, But they won;t do it,
So we try to push the cells as much as we can,

I don't know how it woﬁld work at 10S,

Are there any other questions?

Will Scott?

SCOTT: Scott, TRW. On one chart fou showed a
list of end-of-charge voltage spreads, and than in another
column was recharge percentage., Were those data connected on

any one line? --that is, did the voltage spread shown
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correspond to the recharge ratios shown; or was that independ-
ent data?

HENNIGAN: The spread is gotten by eye-=balling
the computer print-outs. They chahge a little bit. 8o you
kind of eye~ball them, and you get the spread for ahout
3000 cycles. |

The percent recharge that I had there is data
I have been getting on about every thirtieth cycle. And after
the first couple of hundred cycles that's about where we set
them at.

So for a specific cvéle I can get you that informa-
tion; but.it wasn't on our chart,

SCOTT: Are you saying, then, that the voltage
spreads that you showed did not:neﬁessarily correspond to
the reéharge percentage that you showed on the same line?

HENNIGAN: Right.

It's a good point. Maybe I ought to look at it a
little closer; We have quite a bit of data on these tests ,
right now, and it's a little hard to absorb it all.

LACKNER: Lackner, Canada Defense Research,

Further on this percent recharge, I'm not too sure
just what's meant, By the 110, 105, 120 percént recharge,
is this all that it would tolerate, all that you program for

before you get a high end-of-charge vsoltage? Or could you

continue the overcharge for several thousand percent?

A

o
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HENNIGAN: We tried to do 120 percant on all cells
to kind of accelerate it smmewhat. Wu couldn't do ... Zhe
voltages were going too high. And in some instances we ‘were
getting pressure build-up., That particularly happened to the
E1451 material,

So we had to cutnback in the power supply until

they would stay below one-five-five. and wehad no pressure.

LACKNER: This is what I thought you meant. Because

the questicn had come up on air permeability, and by and large

the better the air permeability =-- and we've been working in
the area of something like 120 cfm to 200 cfm == y¢ . can
overchargé -= the better the air permeability the better the
chance you have for the oxygen from the positive to recombine
with the negative. And you're not going to get pressures
built up. And we find that you could charge the cells at |
C/10 for 120 hours and more and keep your voltages below
one-five-five and your pressures below 75 psi w't'nut any
problens.

So air permeability is the criteria that you have
to 2im for.

HENNIGAN: Art?

WROTNOWSKY: Art Wrotnowsky, GAF.'

Tom, would you repeat your comment on wetting, the
wetting time? Are you :eferriné to wicking, or time to wet?

You said that it took thirty seconds to wet out the Hercules

o
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separator?

How does that go, again, please?

HENNIGAN: It wicked 30 centimeters in half an ?xour.

WROTNOWSKY: Vertical wicking,

HENNIGAN: Right,

WROTNOWSKY: ‘Thank you,

HENNIGAN: There was another queétion there. Bob
Shair?

SHAIR: Bob Shair, Motorola,

Did you see any correlation between either end-of-
charge pressures or steady staté overcharge pressures with
these various separators?

HENNIGAN: After we do the capacity checks, of
course in the beginning, too, we do overcharging. And when we
do these tests the pressures are not better or worse; they're
about the same order of magnitude as we get during cycling.

Most of these cells, tha pressu?es are of the order
of 20 to 30 pounds gauge.

Well, if there are no other quéstions, Will Scott
would you give your talk on some of the separator work being
done by TRW?

SCOTT: My comments are goin§ to be in two areas
regarding separatcrs. One is in the area of the present
state of the art of separator testing and test methods, and

the other is a little bit of data on cell testing with
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polypropylene separatars versus nylon separators at deep
depths of discharge.

We haQe not done ==~ not gotten a lot of data s&%h
as of the type that Tom just showed you, but we do have a
little of interest under some special test conditions.

I quess first I would like to make some general
comments on separator testing as is being done today.

I recently made a list of the variousIAifferent
kinds of separator tests that are béing done today. Most of
them have been published in one form or another in connection

w ith several activities going oh, one being the work on

separators done at Tyco for Goddard a year or so ago,

another being some of the methods that appeared in the NASA
Intefim Specification, a third bheing some test methods that
were published by Eagle-Picher in connection with their work
on process variables.

With a certain amount of interpretation I listed

- fifteen different test methods, not all of which are independenk.

And what I tried to do is categorize these into two types,
not necessarily exclusively, but to try to decide whether the
test was of use for quality control and/or whether it was of
use for evaluation in terms of actual cell manufacture and
cell performance.,

I would like to show you that list,

(Slide 12.)
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solvents, electrolyte, and so forth,

: 31

% wb22 ] I'm not going to read all these off, but you can

% 2|l see that they fall into the area of inherent physical characteris
:: ‘5’5 3| tics of the separator, and various chemical and physical
Ez h 4] characteristics obtained by operating on a separator by

£ 5

On the first column I checked off all of those that

primarily, but useful for control, quality control in terms
of separator manufacture and cell manufacturing.

In the second column I tried to indicate, at least
to me, which I felt sufficient ihformation was available today
to say that these particular tests made aldefinite contribu-

tion to cell performance, and where I could not come up with

any information at all that I was aware of that would convince
me of the direct correlation between a particular cell
separator characteristic or test and cell performance, I drew
a blank: For those with a possibility but certainly not

18

established at this point in time, I put a question mark.

17 So this is what I got,

20

appeared to me to be primarily or largely -- not necessarily
It's apparent that most of these test methods that

7
8
9
10
"
12
13|
14
15
16
17

21| I've listed here appear to be of the type that could be used

22 | for quality control. But there is a lot of information missing

23|l on the correlation between these separator characteristics

Ace —Federal Reporters, Inc.

! 25 I think that certain comments that have already Leen

24' and~the performance in the cell.
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presented here this morning tend to bear this out; that is,
there is a lot of testing and data being gathered that we
know right now the characteristics do not appear to correlate
with cell performance. There actually appear to be some
negative correlations, and so forth,

So I would like to see, myself, some more thought
and work done in the area of developing test methods and
characteristics of separator materials that we know correlate
with cell performance.

The test data that I mentioned is under the
following conditions: The test'data was in connection with
a program that was directed toward operation of batﬁeries
in synchronous equatorial orbits, where we have relatively
few total number of cycles required for lifetime, but a
requirement for maximizing the utilization of the energy from
the battery.

So we are pushing depth of discharge.,

The conditions of the test were: cells were operat-
ing at an average temperature of approximétely 46°F. We are
operating at this temperature for various reasons, most of
tiem connected with trying to optimize the life of the battery,
because we are interested in a minimum of seven years of opera-
tion in orbit for this particular application.

The test conditions are a 12-hour cycle consisting

of approximately eleven hours of charge period and one hour of
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discharge period. The cells are being operated to approximately
90 parcent of their nominal capacity on every cycle. This is
a form of accelerated test that we are using.

The cells that we have on test are few in numb;:,
there is a total of six right now that we have ‘any significant
amount of cycle data on. There’are threé 20-ampere~hour cells
with two different kind of polypropylene separator material,

By the way, we have tested‘under similar conditioans
cells with Pellon 2505 separator in them, in the past, and I
don't have the detail of the data with me, but what we are
basically doing, of course, is frying to compare the performancq
of the cells with polypropylene with those with the nylon as
a reference. |

Our data-‘consists of only the performance from the
cells with one type of polypropylene, namely GAF WEX 1242,
and one other kind, which is Pellon FT 2140,

Now what we have done is to perform thirty of these
cycles in a row, and then put the cells on continuous low level
charge for a period of approxiﬁately one week. And then we
have done another thirty 6f these cycles, and then another
period of continuous low level charge. And to date we have
completed five of these thirty-cycle sequences.

What we have seen is a performance with all six

of these cells under these conditions that I consider to bhe

superior to the performance with the nylon Pellon 2505 separator

i e
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wb25 1|l material.
2 We were concerned initially with two possible
@ 3 problems with the use of polypropylene under these conditions.
(ﬁf 4| At this lower temperature theré is a possibility of scme
S|| pressure problems if the polypropylene would possibly impede
6l oxygen recombination becausé of the normally lower oxygen
7] recombination capability of the negative electrode at these
8| lower cemperatures. SO we were conce?ned that this effect
9 might be accelerated dueltc th> possible characteristics of
10{| the polypropylene materials,
11 The other general problem that we were concerned
12 about'was'the possibility of adverse effect of electrolyte
13 ‘migration under these conditions, where the electrolyte might,
14| as a result of cycling and accumulation’of life, migrate away
15| from the separator permanently into the plates and give a
16} high resistance separator condition.
17 Well, to date et least with ‘150 cycles to-90: percent
l?i depth of diséharge under these conditions we have seen no
_ 19|, external evidence of any probiems} The pressures at the «and
20| of charge are within the same range, within the normal spread
21| that you see in most cells, that we have seen with nylon
(; 22| separators.
| 23 Under these particular conditions, at lower tempera-
24| ture, you usually have to toleréte higher pressures that you
Ace — Federal Raporters, Inc.
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50 psig as quite normal under these operating conditions.

2 By the way, the recharge ratio that we are using

w

i3 110 percent. We have had no problems at all from pressure

E -N

or voltage on these test cells under that set of conditions. -
5 The end of discharge voltage is in general slightly
6{l higher on these cells than itw‘as on comparable cells that we
7] tested ahout six months ago that had nylon separators. But
8l I don't believe the difference is~- The difference is still

91l within the normal variation from cell to cell,

10 That's what I have to say.
11 - O'ROURKE: Dr. Scott: Joe O'Rourke, Grumman.
12| ' On the chart that you had up. on the screen, where

L3

13| you had the various senarator properties and you had which

14} particular properties you felt were higﬁly correlated with

15| cell performance, what was your criteria for cell performance,
16| and what type of analysis was used to come up with the cor-
17| relation?

18 SCOTT: Well I must admit that that chart is

19| relatively subjective at this point in time. However it is
20/l the result of looking at the kind of data that Tom Hennigan
21|l has in his pocket, and others that I have been able to .

22|l run -across, mostly noting, I guess, the occurrence of nega-
23[| tive correlations; that is, where, for example, one might

24)] obtain, say, a very low.electroiyte pick=up in a particular

inc.

25! sample of separator, then huild a cell with it, and get

o
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exemplary performance from an electrical standpoint and cycling
standpoint from that cell. That I consider to be the type
of thing where I would tend to draw a blank, or, obyiously. at
least a question mark as far as lack of evidence is concerned,

But, as I say, I ﬁaven't done a lot of quantitative
analysis, really. This is iust an impresson that I have right
now from the tests that are being done.

. O'ROURKE: . The reason I brought this up, it wasn't
the type of‘analjsis that Eagle-Picher is doing in a process
variable study; in other words, a regression analysis; this was

not a formal regression done against a particular dependent

_variable ﬁsing those various separator properties? It was

nothing as formal as that?

SCOTT: That's correct.

I do feel that not enough of that kind of analysis
has been done. And, as a result, I would just caution anybody
to give a little bit of thought to whether or not they might
be spinning their wheels making a lot of separator tests with-
out really knowing whether there is going to be any correlation
or not.

HENNIGAN: Are there any other questions?

(No response)

As far as separator tests, what you might call
characterization tests, we've néver been happy with them at

all. And presently we have a contract with the Bureau of

»

e
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Standards, and Mr. Aaron Fisher of Goddard is the technical
2| monitor,

(b

We have all these virgin materials that we ran in
3| these tests at Crane.
'

And, Aaron, could you say a few words
4]l on the type of tests that the Bureau of Standards ic going
S| to do?

6

FISHER: What I wanted to say is that NBS is still

71l in the process of looking at the particular tests and examining

8{ them and seeing which appear = as thought they might be interest-
9l ing or fruitful,

10

Essentially the tests are thetypes that were indi-
22 11

g

cated in the Fleischer handbook, the Air Force Handbook.
12

‘ Aside from that, I would like to indicate a couple

13| of things that we found during our particular studies on

14/l materials and throw some more light on the facets of what
15| the materials are.

This - would be a continuation of the
16li information that Tom has shown.
17

The ifeas concern themselves primarily with some of the
18]l SEM types of photos. |

From these SEM photos you are able !
19/l to see the differences in structure or in rod leﬁgth or dia-

20/ meter or any particular flattening that may have occurred
21 during processing.

These observations lend credence o
g 22| to Tom's indication that he picked a certain type of material
23/ because he thought it was going to be a poor material. And
24| maybe some of these photos and other indications I have may
‘ederal Reporters, Inc.
25

show why it would be material like that, a poor one.

Nl |
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(Slide 13 - 16..
This is the Herctles aatearial that Toh was talking

about. And we have magnifications here that run from 1000

over in this area, 2500, and then 250, et cetera, It may be a
little difficult to ascertain the differences between this and
the subsequent one, but I will try 0 put an overlay of one on
top of the other so yoﬁ can make some. sort of contrast

between how much smaller in diameter one particular type
material is tan the .t .er.

I have samples of the 1451 that I would like to
show 'you over here.

(slide 17 - 19.)

You can see the differencein the 1000, . Now this
is a 1000 magnification here, and this is the 1000 magnifica-
tion right up over here. And the difference is more than a
factor of 10. So that we have one particular fiber which
is very slender and one particular fiber which is quite thick,

The other thing which is apparent on the Kendall
material was that it was a highly densified type material, as
you can see over here by the flattened aspect of the filament.

Now in subsequent work that the Bureau nf Standards
has done, it was indicated that the density of the material
has risen to about .60 -~ that ié,the densit7 of the: film
structure, of the non-woven film structure, had risen to about

.60, The maximum density it might have achieved was something

”
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g 1| like about .90, whereas the apparent density for the Hercules é
g 2| material was in the neighborhood of about .20,
ﬁf 3 We have heresome additional information which
e 4| indicates the differences between the two types of materials,
5 (Slide 22.) i :
sl that is actual tensile strengths that were taken of the
: 7 mater;als. And it indicates that the E1451 is very high, |
; gll as compared tothe others in both the transverse and the machinq |
é gf| direction in regard ﬁo ultimate tensile, i |
ié 10 ' SO.just looking at ultimate tensiles, now, we have i
; ni an indication that one material.is going.to have a higher ! “
% 12 density thén the otherx materiél, and possibly a iesser :';
é 6’ 13 porosity; and, because of tl'xat, the permeability to the oxygen ?_
? 14 might be decreased. Therefore, just looking it the tensile daJa y
z 15 gives you a feel for the suitability of a particular type i’Q
f 16 material. f
‘ 17 Now we're also looking -- I have here a little charg |
? 18 ©n the fiber diameters that were actually measured from thg |
? 19 pictures. |
20 (Slide 23.) ‘
21 It shows the El1”51 averages about .001, "whereas
:} yp| the Hercules material is ,00005.* I said a factor of 10 _

% ‘E} 23 before? It looks more like a factor of about 20, ;
% 24 Now, that may indicate one of the reasons why the l
_1 Ace — Federal Reporters, '3°5 wicking is so great with the Hercules material, in that with i
' : L
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a wetting agent on, and so much surface area, the KOH might

' really be inclined to move quite rapidly.

One other area that we have looked at in order to
see whether there might be a possibility of ascertaining
degradation from a before-and-after type of arrangement, is,
that we had the Waters'peoéle do average molecular weights for
us via gel permeation studies. And we have come up with
indications of molecular weight, which we might see later as
being changed, as a function of the battery operation. I
might indicate some of the values that exist over here.

(Slide 20.)

We have the Hercules'with a édmparatively low
average molecular weight, about 14,000, and the E1451 and
the 304PO having the highest molecular weights.

Now it will be interesting, on removing some of
these separator materials at a later date, after failure,
to see whether these moclecular weights have, in effect,
changed, whether there has been any kind of breakdown in the
structure of the material.

(Slide :21.)

Some of the preliminary information that we have
gotten from NBS, I've taken some of that material -- and it
may or may not be valid at the present time, but I've tried
to make a comparigon of both the Hercules material and the

L

material which failed. And as noted before, the density of
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the E1451, which is Kendall-~ Incidentally, we're not
deprecating this Kendall material; I'm very happy that it
was put in here, because it's a real basis of comparison
which may lead us to make some kind of conclusions.

The Kendall material density runs about 60,.an§”;he
Hercules material is about .20. The‘absorptivity of KOH
has been .26 versus .90 for the ﬁercules. On a porosity basis
we have about 21 percaent for the Kendall versus about 70
percent- for the Hercules material,

And in the ohms area, we have ohm-centimeters
about 150 . versus 11.6 for the Hercules material.

Now as I indicated before, these.'are in the
process of being delineated. bkat both materials received
the same type of test in this particular work thac is being
done at NBS,

'+~ I have just presented these things for what
they're worth, and the fact that.they may be able to help
delineate, or set forth some of the properties that might.
be required in a separator material. I guess evefything will
have to depend on the longevity of the particular tests that
Tom is running over at Crane.

That's about all.

HENNIGAN: Do we have any questions for Mr., Fisher?
Mr. Dangel of Kendall.

I'm £from Kendall,

DANGEL: We've been doing somne

PPN
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more work recently, narticularly onthis density problen,
2| And we have several new materials, and they bear particularly

3|l on this density thing,

4 If you'd like, I'd project them,

5 FISHER: Yes.,

6 DANGEL: Okay.

7 (Slide 24.)

8 Aaron mengioned that density readings from .60

91l up to .90were obtained, depending‘on the amount of compression
10{ that was done, '
11 This new category haé readings between.2Q'and .39,
12 and also we have vastly increased tﬁe air permeability from

13{ minimums of about 80 against readings of ~- what? -- 20, was
14) it? =-=- and actually up into the 300 range. And some of this
15 has been achieved éurely by improvements in how we process

16| the stuff, and some of it by nanipulation of fiber diémeters;
17l that is, using fibers of different diameters and combinations
18| thereof.

19 These materials have been in the laborﬁtory“for

20 over a yea: now, but we're about ready to release them to any-

21 body who would like to d¢ some test work on them.

22 Thank you.

23 HENNIGAN: Are there any further questions?

24 I micvc add that we intend to build some more cells,
. Reporters, Inc.

25/ and we would be interested in what materials thatyou have.
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We'll have to get back to the saparator thing after
the break., We're running pratty late. We're supposed to get
finished with the seals this morning, but that doesn't look
like it's going to happen. But we'll do what wa can.
Let's take fifteen minutes' receas, and try to
get back at eleven. |

(Recess)
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wbl ] HENNIGAN: Will everyone please take his seat so

As I mentioned before the break, we're running kind

2|l we can go on with the meeting?
of late, and we hope to get through with the separators and

5] seals this morning but it doesn't look like we're going to be
6 abla to.
7. We have one more bit of information on separators
‘ 8| from the Bell Telephone Laboratory, from Dean Maurer.
5 9 MAURER: We have some applications in the Bell
; 10(| system for sealed nickel-cadmium batteries to support semi-
i 11| conductor memories to prevent their volatility. F
% 12 These batteries are'subjécted to rather high
é 13|l tempe: ature ambient for e#tended periods., They're on con-~ ]
'E 14]l tinuous overcharge.
z 15 This is a somewhat different kind of use mode than E
16|| what you've been talking about here this morning, but I think | \

3 18 We. knew that cells with nylon eseparators would not

19]| perform well under these conditions; the nylon would degrade

; : 17“ some of the same problems can show up. \
20| and possibly cause shorts, or‘result in a charge negative
\ 21| from the oxidation of nylon. |
‘5? 22 So we obtained some ce}ls with polypropylene
23|| separators to determine what kind of failure moceg and life
; 24| characteristics a cell with that kind of separator would have

+ Ace~—Federal Reporturs, Inc.
: . 25| under these conditions, and see what the next failure problem
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might be in this gystem,
These cells were of the cylindrical type. The size

I can desacribe as being one=third C. They had cagacity around

e 4400 milliampere hours. They had polypropylene separators, as

S
)

10
"
12
13
14
15
16

18
19
20
21
22
23
24

Ace - Federa! Faporters, Inc,
25

I said, And all of the other material within the qella were
non-degradable, except for an insulating grcmmeﬁ at the top
of the core, which also formed éart of the seal area. And
that remained as nylon.

We put these cells on test, and, as I say, our use
mode was continuous overcharge. So we looked at several
different temperatures and several different Svercharge cure-
rents, and tﬁe results were consistent froin one temperature
and current to another, |

(Slide. 25.)

These are typical, This is the voltage as a func-

tion of time on overcharge at temperature. The temperatures

17| ranged from 110°F. to 180°F, and the overcharge ranged fz.-

rcughly C/40 to roughly C/10.

© These are six cells under these conditions. Ther:
were six for each condition. And we plot here the voltage.
And you can see there’'s a reasonably flat area followed by a
very sudden rise in voltage. This marked the venting of the
cell. The negative had become fully charged and generated
hydrogen, and the cell vented.

Similar rasults were obtained at all temperatures
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and all currents., And there was some discussion earlier about
the end-of-charge voltages and their spread. These might
be considered typical for what we obtained on all of these

cells.

They were relatively stable ov r the %fest period
until this failurs event occurred.

We analyzed these data statistically, making a
probability piot, log probability, of days to failure versus
peécentage normalized by this fumc*:ion for small samples, -~

(Slide. 26.)

- and,‘again, a reasonably good fie to normai, log aormal,
distribution for these cells,

(Slide. 27.)

Then plotting al: of this data on days to 50 percent
failure =-- in other words, the mid-point on those previous
curves -=- versus one-over-T, we got results that look liké
this. There are three different ovgrcharge currents shown
here and the four different temperatures., Thev are reasonably
good straight lines within a given current.

So if we want to determine the failure mode now
of these cells, the failure machanism, rather, we need to
sXplain the temperaturs dependence, and we need to explain the
dependence on the charge currant,

(slide. 28.)

The nylon grommet in the cell was, again, across the

7 ie
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47 |
top of the core. There are several mechanisms one can propose
here. One is that the nylon reacts with the negative and
charges it by some mysterious means; which can be rulec out,
because the nylon is not in contact with the negative, Nor
is it in contact with the positive, so a direct reaction there
is not possible.

There could be a direct oxidation of nylon by
oxygen in the cell; some oxygen pressure dependence which was
related to the charging current. Again, this can be ruled
out by the stability of oxygen in air.

| We could have oxidation of the nylon decomposition
products,.nylon hydrolizing, decomposing 'in ‘the electrolyte,
and these products then reacting with oxygen. ' This mechanism
is plausible in that presumably there could be & rate dependent
step of oxygen on these products.

We made some bomh experiments in which we exposed
these nylon grommets to an environment of potassium hyvdroxide
and 100-pound pressure of oxygen, and followed the oxygen pres-
sure decay as a function of time ét temperature. This did

occur, and it had an activation energy in the vicinity of

30 kilocalories per mol,

Unfortunately, the activation enerqgy that was ob-
tained for the cell decomposition from these data is between

14 and 15 kilocalories per mol, So the mechanism is viable,
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but it doesn't fit the data,

The last mechan.. 1: an eiectrochemical oxidation
of these decomposition products. John Broadhead in our
laboratory found that nylon decomposition products showed an
oxidation step in potential scan studies. So that these
products could be electrochemically oxidized on the positive
electrode,

(Slide 29.)

So we can then work up an over=-all mechanism
to explain these results now.

The time tc failure, T1/2¢ will be equal to the
quantity of negative, excess negative that has to be charged
before the cell would vent, divided by the rate of oxidation
oZ these products. Becaus;.when these products are oxidized |
effectively oxygen is used, and allows the negative to charge
as the other half of the reaction.

We proposed that this rate of oxidation is proportior
al to the polarization of the positive electrode, which is
reasonable for a parasitic electrochemical process.,

We propose, furthermore, that this rate constant
follows the oreneous relationship shown here, and that th=
polarization follows a tophal relationship for an irreversible
process. We can combine all of these factors into this

egquation, re-arranging tr2 terms. And you can see that these



", P
o i T

‘-é. KA ““'nk:’v-h:"!

‘:'i. .:‘“. : :' )

o W Y
ARl TR

NS T

49
wbé 1l ve.aes now are known: time to failure, the absolute temperature,

¥,
b
w

20
, 21
(‘ 22
23

24

Ace — Federal Reporters, Inc.

25

|

the current density, and, again, tewperature,

So if we plot the log of this factor versus one-
over-T all of the data should be normalized. And, when in
fact we do this, we get these results;

(Slide: 30.)

The hexes, circles and squares are the three dif-
ferent charge currents, and there is no systematic arrangement
of’those charge currents in any of these four different
temperatures, And the activation energy, again, by the way,
is 14,15 kilocalories.

So we feel tihat the mechanism, then, is the hydro-
lysis of the nylon, theses products then diffusing to the
positive zlectrode, and then being oxidized electrochemically
at the p-sitive electrode a a rate determining.step.

This mechanism is in agreement with data for
cells containing only nylon separators. In that case the
nylon is in contact with the positive electrode, so that the
area of the reaction, the reaction si;e area, is equivalent
to the size of the positive electrode. And one can normalize
those data on the basis of the ampere hour capacity of the
cell,

Art Cattottiat G.E. presented data of this typn
last year at the Electro-Cher: Society meeting. And if you

plot his data, which is expressed in terms of charqge rate of
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wb7 ll the negative per ampere hour cell capacity one gets a 14 to 15
2| kilocalorie per mol activation energy; again, in agreement.
‘g« 3 (slide 31.)
4’ Now one éan take these data, this mechanism, and
5H conjure ways of extending the life of the cell under these
6| conditions,
7¢ The first one, of course, is to eliminate all the
8r nylon from the cell so that the mechanism cannot function.
9 One can also use a less reactive nylon, one which
10| does not dgrade in KOH as fast, so that you move the oxidation
ll" at the positive as a rate deterﬁining step to, perhaps,
12| hydrolysis as rate determining,
13 You could make the path for diffusion of these
14| products to the positive longer. And then that again would
15| change the ratedetermining step probably, then, to diffusion
16| control,
17 You could reduce the area of exposed nylon, or you
18{ could keep the nylon from wetting. So that this,‘again, would
19| prevent the hydrolysis and change rate limiting step.
20F And then,. of course, you could put in more excess
21| cadmium hydroxide, up to a point; which just simply means that
(&? 22i you take longer to charge the negative., In those cases you
23| may run into problems such as resulting from carbonate build-
24| up.
Ace — Federal Reporters, Inc.
25 If you reduce the hydrolysis rate so that oxidation
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RECOMMENDATIONS
1. ELIMINATE ALL NYLON.
g = R%‘ R, = kn
2. USE LESS REACTIVE NYLON.
n =BT g k - k.eSE/RT 3. MAKE LONGER PATH FOR DIFFUSION OF NYLO!
0 DECOMPOS ITION PRODUCTS.
4. REDUCE AREA OF EXPOSED NYLON.
tya ThI = C o SE/RT y
5. KEEP GROMMET INSULATOR DRY.
Figure 29 6. MORE EXCESS Cd(OH),,

Figure 31
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of the products by the positive is no longer rate determining,
one might very well run into the mechanism of oxidation of
these deconposition products by oxygen in the cell. And we
have some evidence being generated now that this is, in fact,
the mechanism is some cells with polypropylene.

That's all I have.

HENNICAN: Do we have any questions for Dean Maurer?

SCOTT: Will Scott, TRW. Were the hydrolysis pro-
duéts from nylon which were electrochemically oxidized
identified?

MAURER: No, they wefen't. As a matter of fact
theret's a whole series of them, and there is some evidence
to indicate that the reaction rate with oxygen, for example,
is different for the different chains that you might get.

SULKES: Sulkes, U.S. Army Electronics Command.

Is there a correlation with the weight loss of
the nylon with, let's say, the amount of cadmium that would be
available to react with the nylon? =--with the oxygen that is
generated? |

MAURER: If one just does a mass balance, there is
enough nylon present to account for all of the charging of the
negative,

Is that what you mean?

SULKRES: Yes,

Also, would there be enough that could react and
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1| still maintain the physical integrity of the nylon? This
2 || would be the other thing.
3 MAURFR: Well, that depends on how much excess
4| negative there is. But in’some of the cells that we have
5[ 100k at, the nflon still had its integrity, and would still
6|l sexrve its purpose,
7 The nylon in the area of the seal itself was not
8 attacked at all. The insulator part, the part over the top

9" of the core, was brittle.

10 SULKES: Thank you.

" STEINHAUER: Steinhauer, Hughes, Dean; were these
12|l plates, or cells, that were used, of a standard impregnation
13| process, or your new process that you have reported, or your

]4ﬂ lab has reported on previously, and would the effect, if these

15|| time constants you're reporting are dependent upon failure of
16, the negative, would it be different, or would the rates or

17 || mechanisn proposed be different in thosé cells?

16 MAURER: They were commercial cells with some

19| modification. But the electrodes were prepared by commercial
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