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Abstruct =-- liigh Temperature Carbon/Zinc Development Contract

Discussion of the development of a carbon zinc battery capable
of prolonged storage at high temperatures is given. A swarary of the
ability of the present product is subniitted. An analysis of tne merits
of geometric considerations is given, and data presented to show the

capabilities of various cell constructions,

Publicacions, Lectures, Reports, and Conferences
Publications: None
Reports: lione
Lectures: None
Conferences:
1. 15 August, 1966, outlined the objectives for high temperature

.

Kunber DA28-043-aMC-02391 (E)

carbon zinc development, held at ECOM, Fort Monmouth, New
Jersey. Attended by Donald B. Wood, John J. Murphy and

H., L. Williams of the U. 5. Army Electronic Command and Howard
J. Strauss and Terry Messing of Burgess.

12 December, 1966, outlined progress to date an? objsctives

for the completion of the high temperature carbon ginc develop-
nent, held at Burgess Battery Company, Freeport, Illinois.
httended by Donald B. Wood of the U. S, Army Electronic

Comnand and Joseph J. Colsman, lHowerd J, Strauss, Milton E.
Wilke, Lloyd W. Eaton, Timothy S. Hungate, Terry G. Messing,
and Roger Woodworth of Burcsess.




3.

1 February, 1967, outlined progress to date and objectives
for the coupletion of the high temperature carbon zinc
development, held at ECOM, Fort Monmouth, New Jersey.
Attended by John J. Murphy, Donald B, Wood, and ilarry

L. Willisms of the U. S. Army Eiectrcnic Comnand ard
nioward J. otreuss and lerry u,. !dessing of Burgess.

14 ilarch, 1967, outlined progress tc date and objectives

for the coapletion of the Ligh temperature carbon zinc
development, held at Durgess Battery Company, Freeport,
Illinois. Attended by Dcnald B, Woocd of the U. S. Army
Electronic Cummand and Joeseph J, C~leman, Howard J. Strauss,
Milton E. Wilke, Lloyd W. Zaton, Terry G. lessing, and
Rogsr i{. Woodworth of Burgess.
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Purpose:
To investigste certain constructional changes that would improve

the performance of Carbm/NHhCI—ZnCL,i/Zinc cells and/or batteries after
high temperature storags. Thuse change. vere required to be of a nature
that would allow the resulting cell to be readily manufactureble,

Specifically, & Bas86/PRC-25 bsttery ei specified in MIL-B-18/2L4A(EL),
13 February 1963 is to be used as the experimental battery. It is desired
that a battery that will relisbly give twenty-four hours service after

four weeks storsge at 160°F be developed.

Introduction:

The first effort in this contract was applied to determining the per-
formance capability of the present product. Burgess Battery Compety
presently is supplying spun pasie, carbon zinc Ba386/PRC-25 batteries
in production under contract DAA-BUS-67-C-2301.

I. Performance of Present Product

This Ba386/PRC-¢5 battery is composed of forty-four "BR" cells. Ten
cells in saries and four in parallel (LO cells) make up the fiftcen volt
A, section, and two cells in series and two in parallel (L cells) make up
the three volt Al section. These batteries are sesled with a standard ssphalt
sealing compourd. As part of the production control thesze spun paste
batteries are tested fresh, after storsge for twelve sonths at 70°F and
after storsge for three moaths st 113°F. Some representative data from
recent production testing is given in Tabls I and shown as pert of Grapb I.
The capacities shown in hours are average results and are followved by the

number of samples which were sveraged.
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Ssmple production Ba3B6/PRC-25 batteries were stored at 11:°F and
130°F and discharged at regular interveals. Table 1. shows the data obtain-
ed. This was repeated witn & cecond lot of batteries and the tablie -hows
the overall :verages. These capacities are part oi Greph 1.

To obtain date -t 145°F and 160°F with these batteries 1t wa, neces.ary
to change the conctruaction. The sealing, rotting esphalt material used in
the productiou buttery becomes coft at these elevated temperatures, The
batteries were potted instead in a s ecisl high meit asphalt from Witco (H-342).
This material dces a fair job of potting but leaves some vcids in the battery.
The dsta from these batteries is given in Table III and is part »f Graph i.

Graph I then shows the performance of the presently produced Ba;Bé/PFC-ZS
spun paste battery. The graph shows good capacity retentisn at 70°F at
and beycnd one year. 1t show: a rete of capascity loss that is accalerated
ty a rise in ‘emperature et which the battery is stored. However, even at
thOF, storege for four weeks is possible. But there ceems & break here and

2
no .ieable capacity was found after one veek of storage at 1o0 F.

II. 1Investigation of Cell Type

There are two generasl cell gecwetries in which the carbon/NH Cl-Znli;/
cinc cell s made in the industry todsy. One class is the flat cell, and
the second is the round cell class of carbon zinc batteries. It was jesir-
able to run tests on comparable flst cell and round cell batteries to
deta.aine if one Or tihe olner had sny unique adventsges. The units chosen
were Burges: JUE which {: the standard flst (vafer) cell nine volt transistor

radio bsttery, =nd & round cell batter; composed of si. AAA cells in .erle,,
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Thus both the round cell aad the wafer cell batteries were nominal nine

volt batterie:c and had equal .mounts of mix 1. then.

These patteries were vut "n the following teust:

Loed: 2 mirute 18 minute
1,5 ohom: 2000 ot. s

The test was run to 1.0 volts cer cell. This test appro.imstes the
current densities in the cathode collecinr ,xrt of the wefer "UT" cell
to the current iens.ities eiperienced in a wafer "F" Cell in a Ba:86/PRC-25
battery. Thus the2se tests guve i5 a measure of the sbility to retain capa-
ity in n wafer version of lthe 3&386/PRC-15 bue 20 not give a messure of
capacity av::lable.

The round cell lots were all built with & psper lined round cell
instead of the .pun _aste round cells used in section I above. There were
three anifferent réper linings-:eparaioir; used; one separator was paper costed
on one . ide with starch, one was paper codated both sides with ;tarch, #nd one
vas -.0oated one sile with methocel.

The wafer cell lots were built with twc setc of variatiocs. One in
the wafer cell to make a connection from cell to cell = suspension of silver
plated copper osowier in .aa (silver was) is © =d by 3urgess. Work prior
to ‘.2 contract indic ted that this wa. vehicle at -levated texpersiures
would dissolve or pla.-icice tne condiuctive plast. ¢ current collector on
the cathode. This cusu od & rise in the resistance ~f the conductive plastic
and battery failur¢. A possible substitute ic « cilver plated copper powder
suspensiou in 4 -ater colution of aethocel. Thi. Jilver paste, however,

L 4
tends to corrods itsell due to tne water in it snd msy not be s entirely




wlia
satizfactory soluiion. %Iwo, wfer betteries are standardly potted in
vax to minirize water lces. At the elevated temperatures e..perionced
in the tecting of these batieries, the wax will flow out. Therefore, e
teat of other possible potting meterisls was initiated,

The requircments of a potting materiasl that will provide ocatteries
capable of high tempersture storage are:

1. Moderat: teupersture during potting. This elimineted certain
asphalts which melted &t such a high tempersture that the plastic film
wrapping the vafer cell was drastically degraded during potting.

2. Low viscosity of the potting material., This eliminated certein
plastic formulations which were too thick to flow into the battery properly.

3. Ability to withstand 160°F storage. Wa: was eliminated because
it l.quified. It mey be possible that certain wax formulatiuns can be
hel< in the battery.

L, Low water vapor transmission. This is a combination property,
in this case, since vapor transmission is measured by the weight loss ¢
the battery and the amount of loss is due to the combination of the vapor
transmission properties of the potting material and how completely the
potting material fills the volids in the battery.

Noting these requirements, several possible potting materials were
chcsen for trial., The potting material was evaluated by potting nine voit
2U6 batteries with the potting material. The resultant battei’es were tehn
stored at 160°F and weighed periodically to determins weight loss. This

weight loss is felt to be an indication of the effectiveness of the potting
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materiel. The materials evaluated were:
1. Wex (#2300 petroleum base)
2. Polyurethane (Spencer Kollogg XP1152 and D. I. Castor 0il)
5. Spar varnish (commercial grade)
4, P-250 (a Witco asphalt)
5. H-942 (a Witco asphalt)
6. Polyisobutylene {A low molecvlar weight sample, Standard Oil)
7. Furane (A two part plastic material from Fur.ne Plastics)
8. Epolene (Eastman Chemicals Products, Inc.)
The weight loss of these batteries is shown in Graph IIA and 1IB.
From this data polyurethane and wax were chosen as a potting material
for batteries to be stored at high temperatures. Four groups of 2U6 batteries
were built. One with silver wax and wax potting, one with silver wax and
polyurethane potting, one with silver paste and wa« potting and one with
silver paste and polyurethane potting.
lable IVA, IVB, end 1IVC show capacities obtained with the round cells
and Teble VA, VB, and VC show capacities obtained with the wafer cells.
The wafer cell has been used as & low current device with a relative-
ly high internal resistance. When it is used in a continuous and at a
fairly high discharge rate, the wafer cell does not generslly perform well.
However, Burgess has developed a wafer version of the Ba386/PRC-25 which
does perform satisfactorily. There are ways of overcoming this internal
resistance, However, in this test the round cell shows a defiiite supere
iority in fresh discharge. Further, if the results are axamined, it is

evident that with methocel paper there may be useabls service after storage

at 160°F.
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Storage at 160°F has associated with it many problems. The foremost
would prooably be leskage control. The AAA cells tested above proved
very prone to this type failure. Anothgr problem that these cells showed
was ballooning after storage at 160°F., i.e. the mix slug and paper separ-
ator meintained their original shape and gas pressure apparently caused the
zinc to cold flow into a torpedo-like shape. This problem gives emphasis
to the necessity of properly venting these :ells as shall be seen a little
later.

III. Wafer Ba386/PRC-25 Construction

Despite the consideration given in the last section, a small number
of wafer Ba386/FRC-25 batteries were built. These were potted with the
polyurethane material as described above and the data is presented in
Table VI.

These batteries used a nmethocel paper separator. The wafer cell as
these were built will lose water relatiely rapidly end this would account
for the capacity loss. The degree of capacity retention would indicate
that the methocel paper sepsrator will satisfacturily survive 150°F storage.

Prior to the start of this contract a wafer version of the Ba386/PRC-25
was developed. This battery was stored at 113°F and 130°F. Refer to
Teble VII, which shows the capacity of several experimental lots of these
batteries.

The data shown in Tables VI and VII was eversged and shown on Graph
III. This construction with methocel paper separator shows an extended

shelf life, greater than that of the presently produced battery.
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IV. BR Round Cell Ba386/PRC-25 comstructiou.

The next units built were of the general configuration of the spun
paste production battery (i.e. 4l BR cells). However, these cells were
lined with methocel peper instead of using the spun paste liner, These
units were constructed on the spun paste production equipment. The peper
lined cell generally needs to be tamped harder in order to properly wet up
the separator. The spun paste line on which these batteries were made did
not have facilities for proper tamping since spun paste cells need only
light tamping, and the paper lined cells did not get properly tamped.

Refer to Table VIII to see the performance of this lot. The capacities are
not meaningful because of the lack of proper tamping. But the maintenance
of open circuit voitage (OCV) and short circuii current (flash) would indi-
cate that the separator is compatible with the cathods at these temperatures.
V. A Round Cell 5a386/PRC-25 Construction

There are then two problems present, (1) the round cells we had used
were prone to leakege and (2) the zinc can was expanding due to the gas
pressure being generated in the cell. It was thought thet these two prodlems
might be solved by a special potting material. If a herd, inflexible material
were used, the potting material wruld tend to keep the cans from expanding
away from the mix. Then if potting material were to cover the cell topa
this material would act as a second line ¢f defense against leakage.

Tc further stop leakage, the cells in this battery were closed by the
Burgess mechanicel seal method. In this method a plastic washer is forced
over the cerbon rod to the position normally oncupied by the asphalt seesl in

e conventional cell. The zinc can is then sized down, necked down such that

BRYS - PSSR,
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a seal betwezn the carbon rod and the plastic washer, and between the zinc

can and the plastic washer were assured. Then a steel ring is torced over

the zinc can to prevent it from cold flowirg and relaxing the seal of the
plastic washer. This mechanical seal is shown in Figure I.

Four experimental lots were built with various potting and mix vari-
ations.

1. Mix with 100% electro ore with no chrome, methocel paper with
marcury, potted entirely in Araldite 502 epoxy.

2. Mix with 100% electro ore with chrome, methocel paper with no
mercury, potted to shoulder of cell with Araldite 502 epoxy and cell tops
with H942 asphalt.

3. Mix with 100% electro ore with chrome, methocel paper with no
mercury, dipped in Araldite 502 epoxy and potted with H942 asphalt.
L, Mix with 100% electro ore with chrome, methocel paper with mercury,
potted to shoulder of cell with Araldite 502 epoxy and cell tops with H9U2
asphalt.
The lot numbers used above are used as & cell description in Table IX.
The data is presented for the above batteries ‘n Table IX. In all cases
the potting procedure did put a* least a thin coating of the epoxy over the
entire surface of the cell. This epoxy material when it set up became very
hard. The heat of storage ceused slight expsnsion of the cells which caused
the epoxy blocks to split. This splitting cesused extensive lead breakage,
also the zinc cans were split and the mechanical senl was pulled out of the

cell.
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Therefore it seems the cell must be allowed to vent at a sufficiant

rate to relieve the pressure caused by the gassing occurring during storage
and that this venting rate is appreciable.

VI. Single "A" Round Cell

Also stored were single "A" cells with the iecnarical seal. These cells

therefore did not have a coating of poucing material and were able to vent

properly.
These cells after storage were discharged on a similated test that

would give a drain equivalent to the drain on the cells in the A2 sections

of the whole betteries of the previous section. Data for ihese cells is

shown in Table X and Graph IV.

The lots would be described as follows:

1. Mix with 100% electro ore with no chrome, methocel caper with

mercury, no pinhole.*
2. Identical to 1 except with pinholes.
3. Identical to 1 except stored at TO°F,

4, Mix with 100% electro ore with chrome, methocel paper with mercury,

no pinhole.

5. Mix with 100% electro ore with chrome, methocel paper without mercury,
no pinhole.

VII. Gessing of "D" Cells with Inhibitors

When carbon/zinc cells are stored, especislly at elevated temperatures,

a certain amount of action dissolving or corroding the zinc is inevitabdle.

* A pinhole was placed in the plastic seals of some cells to relieve internsl
pressure.

B
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This action on the zinc causes the available capasity of the cell to
decrease, One of the products of this reaction is gas. The rate of the
action on the zinc may be measured by the rate of gas evolution.

ECOM supplied four samples of inhibitors. These were supplied as 2%
in sal ammoniac, Standard Burgess 4C (starch coated pape- lined D slze)
cells were made using this sal emmoniac. <These cells were then put in a
mineral oil bath at 130°F. and the gas evolved was collacted over il® mineral
oil.

On graphs 1V, V, VI, VII, and VIII the data found is presented for:

Graph No.

v Control cell.

V1 Emulsifier STH (General Aniline and Film)

V1I Armeen T (Armour Chemical Co.)

VIII Victamine C (Stauffer Chemical Co.)

X Victamine D (Stauffer Chemical Co.)

VIII. Conclusions

The original purpose of this work was the development of e battery
capable of storage &t 160°F. There was no usable service availsble from
the spun paste cell Lacteries after any period of storage at 160°F.
Apparently the starch layer is not compatible with the mix at this
tamperature.

The wafer-flat cell has the possibility of development for this use
but the round AAA cell shows a greater fresh capacity et these drains and
is better suited to sealing. Noustheless, the wafer batteries dild show scme

possibility of development. Wafer cell batteries in Table VI showed

4.
ol ament
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capacities of eighteen or nineteen hours after storege for one month at :;3

160°F.
Data shown in Table VIII shows the necessity of a well tamped cell. 2;

But the fact that the open circuit voltage did not drastically decline ‘?

indicates that the methocel-mix couple is stable at 160°F. :

Data shown in Table IX indicates that although these ¢=2lls need to be
potted to limit water loss and to hold the cell's shape, this potting cannot
drestically reduce the venting rate of the cell,

The data from the single cells showed capacity retention after one month
at l60°F to be very good when compared to that seen previously. If such a
cell construction were used with "BR" cell batteries, the capacity after one
month at 160°F would be passing.

IX. Future Work

Although thi. is a fiual report, work with this aim will most certainly
continue toward a battery as proposed in this contract. The work here has
not fully defined such a battery, but it has indicated the sreas of inves-
tigation which will be fruitful. First work with single cells should be
followed. Such work eliminstes problems related to the coanecting of cells
and many of the potting problems related to large cell blocks. Our single
cell data indicates that with the development of perhaps a "BR" size, methocel
paper lined, mechanically sealed cell a satisfactory cell might be developed.
Second work related to the making of reliable connections between cells and
satisfactory potting of cell blocks should be followed. The gassing rate
should be measured for these cells s0 that the potting can be adjusted to

allow proper venting.

o —
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Supplement to Report No. ECOM 02391(E) dated January 1967, for
services under contract No, DA=28-0l3-AMC-02391(E)

Identification of Personnel

J. J. Colemar, Vice-President for Research and Engineering,
Age:59

Education: B. S. Chemistry, University of Colorado, 1931
M. S. Physics, University of Colorado, 193k
Ph, D. Chemistry, University of Colorado, 1936

Dr. Cole:an has more than 20 years of experience in the battery
industry and many patents and papers to his credit.

H. J. Strauss, Director of Research a:d Development,
Age: LS

Educations B.Ch,E,, College of the city of New York, 1942
X.S. Chemical Engineering, Columbia University,
1947
Ph.D. Chemical Engineering, Columbia University,
1949

Dr. Strauss has core than 15 years of very diversified battery

experience, and a large number of articles and patents to his
credit,

M. E. Wilke, Chief Engineer
Age: L8

Educationi A. B, Chenistry, Ripon College, 1938
M. S. Cnemistry, Texas A, & M. College, 1940

Mr, Wilke has more than 20 years of direct battery rcsearch and
development work and has several papers and patents to his credit.

F. A, Poas, LlLaboratory lManager,
Age:33

Education! B. S. Chemistry, Northern Illinois University, 1957
Mr. Poss has spproximataly & years of pertinent experience,

T. G, Measing, Project Engineer,
Age:r 26

Educationi B. S. Chenistry, University of Wisconsin at Stevers
Point, 1962

Mr. Messing has more than & years of pertinent battery axperience.
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R. M. Woodworth, Project Engineer

Education:

Age: 25

B. S. Chemistry, Aurora College, 1963
One year gracuate work in Chemistry, Kansas
State University

Mr, Woodworth has more than six months of pertinent battery experience.

Time Distributiont

J.

H.

J.

Coleman - Attend weekly reviews of contract work,
Strauss - Attend weekly reviews of contrect work.
Wilke = Attend weekly reviews of contract work.
Poss = 69 hours
Hessing = 675 hours

Woodworth - 537 hours

—— ——
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