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PURPOSE:

The purpose of this contract is to provide a substantially
improved low temperature Alkaline-MnOp primary cell over the best existing
commercial product, having significantly improved capacity performance
at high rates. The cell shall also have design parameters optimized in

all areas of performance and shall possess a high level of reliability.

In addition, the following conditions of shelf and service

maintenance are to be met.

70% of 70°F. capacity after:
A. 12 months storage at 113°F.
B. 3 months storage at 130°F.

C. 1 month storage at 160°F.

Seal improvement to provide a high degree of resistance to

electrolyte leakage. The above will all be adaptable to a wide variety

of sizes and shapes,



ABSTRACT:

This First Quarterly Report covers the initial effort to analyze
the present factory product E-95 (D size) Alkaline-MnOz round cell with special
emphasis placed on location of problem areas affecting low temperature, heavy
drain service. In addition based on the above analysis empirical data was
obtained from variations of electrode and electrolyte formulations as well
as separator materials. From the above work, an optimized cell has been
obtained for use in factory trials. This cell contains a cathode with a 4/1
ore to carbon ratio, an electrolyte with 40% KOH as dispensed into the cell
(apporximately 32% equilibrium value in the anolyte), a Viskon-Vinyon separator
and a powdered zinc anode. The work to date has indicated a need for a higher

surface area zinc. In addition, more work to perfect the seal is needed.

Uniformity of cathode mix formulations will also be characterized

with respect to solution volumes, packing, density, etc.



CONFERENCES :

1, May 18, 1962 at Fort Monmouth, New Jersey, to discuss work plans.

Persons Attending:

UCCPC Signal Corps
M. R, Hatfield D. Linden
F. L, Granger A, Daniel
E. F. Sipp, Jr. J. Murphy
R. B, Klopfenstein C. Nordell
P. B. Doll C. Trigg

2. August 21, 1962 at Cleveland, Ohio, to discuss first quarterly progress.

Persons Attending:

UCCPC Signal Corps
R. B. Klopfenstein C. Nordell

J. Southworth
P, B. Doll

J. Winger



FACTUAL DATA:
The work done in the first quarter of the contract was divided into
two categories, namely:
1, Present E-95 cell analysis and characterization,
2. Substitution of various materials and electrode formulations in

D" size alkaline cells (E-95).

The goal for this quarter was to establish one or two cell models
suitable for factory trials. The above categories of work were accomplished
simultaneously and much information was relatable in both areas.

The following topics are a detailed account of the work done, Data
and curves for these topics are presented in the Figures and Tables at the end

of the text.

FACTORY PRODUCT E-95 CELL ANALYSIS.

This portion of the work consisted mainly of cell testing with the
aid of reference electrodes and interrupted current techniques (Kordesch Sine
Wave Apparatus) (Ref. K. Kordesch, Battery Conference of SCEL, May, 1955.) to
determine gross factors affecting I.R. drop and polarization in the cell, For
this use, three month old E-95 factory product cells were tested.

The reference electrode used was a zinc wire, polished with fine
emery cloth, wrapped with two wraps of Viskon-Vinyon separator material and
sealed at both ends to the wire by asphalt, The reference electrode was
dipped in Ho0 and then 45.2% KOH prior to insertion into the anode cavity of
the E-95 cell (Figure 1)

Work reported was done on a sine wave pulser.



-5-

An oscilloscope was used to measure IR drops in each electrode. A
vacuum tube voltmeter was used to measure open circuit (OCV) and closed circuit
potentials (CCV) at each electrode with respect to a zinc reference wire. Since
the scope measured only the voltage drop from open circuit to closed circuit
associated with the peak pulse current, a VIVM was used to measure absolute
voltages (OCV and CCV) associated with an average pulse current. (Figure 2)

The average pulse current was read on an ammeter and the pulse current was

calculated from the ammeter value by the relation:

Pulse Current = (9r) X (Ave., Current),.

Resistance values were calculated by the following relations:

Resistance = IR Loss (Oscilloscope Valuz)

Pulse Current

OCV - CCV (VIVM Values)
Ave, Current

or Resistance =

It was obvious that the resistance value was dependent on the accuracy

of the average current reading. Since this was the case, resistance values were
not calculated; instead percentages of total cell IR drop were calculated for

each electrode by the relation:

% Cathode IR = CR (IR of Cathode to Ref, from Oscilloscope
AC (IR of Anode to Cathode from Oscilloscope)

The accuracy to which each IR loss was determined was within 10% of
the estimated true value,

Testing three months old factory product cells at 70°F., 0°F., and
-40°F. has shown that the per cent anode IR loss was increasingly greater with

decreasing temperatures. The percentages for a given temperature were fairly
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constant regardless of drain (Table 1), Tables 2 and 3 show full discharges
at 0°F, and -40°F. and the values were consistant with Table 1,

It is not yet known how these relationships hold with cell age or
mix formulation., It was apparent, however, that the cathode provided a fertile
area for reduction of IR losses and, in fact, later testing of fresh develop-
ment cells showed the cathode IR losses were as.mmch as 80% of the total cell
IR losses. Work will, of course, continue in this area with our best model
cells,

Factory product cell testing by conventional techniques across fixed
resistors at a variety of loads and temperatures has shown the following charac-

terization. (Tables 4 and 13)

% Room Tempercture Service

Temp . Load 1.0V, 0.9 V., 0.8V,
0°F. 1.0 ohm 3.5 5.6 8.2
2,25 " 7.5 13.3 17.0
0.0 " 27.6 39.6 48.7
-40°F. 2.25 ohm 1.6 2.2 3.2
40 " 1.9% 3.5 5.3
10.0 " 9.4 11.0 17.8

*Estimated from Table 13 data,

It can be seen that there is a good deal of service available at the lower voltage

cutoffs on fairly heavy drains (2.25 and 4.0 ohm continuous). It is also seen
that service decreases with decreasing temperature and increases with decreasing
drain,

Intermittent service and delayed testing have not as yet been done.
Gains in service through intermittent discharge are no doubt possible.

BA - "A" gection drains will be part of the future test schedule also.

Simulated



CATHODE VARIATIONS.

Initial screening was done by varying cathode wall thicknesses and
ore to carbon ratios in order to reduce cathode resistance.

Tables 5 and 14 show the effects from proceeding from 11.8/1 to 4/1
ore to carbon ratios. Definite improvements exist in going to 4/1 ore to carbon
formulations on both 2,25 and 4.0 ohm tests, In addition, use of Air Spun
Graphite (ASG) as sole conductor showed quite another improvement; however,
the result was not entirely reproducible. (Figures 3 and &)

Additional cell making and testing (Tables 6 and 14) confirmed the
advantage of 4/1 ore to carbon ratio mixes over control.

Electrode thickness affected each formulation differently. 0.920 ID
cathodes (approximately 0.160 inch thick electrodes) were best for 4/1 mixes.
(Table 14) (Figure 5)

The most outstanding problem with the cell was uniformity of service .
levels from lot to lot with a given mix formulation. This was also true with
the control product as shown in Table 13, Although substantial improvements
have been made to high voltage cuts on heavy drains at -40°F., the level of
service is not uniform for these conditions, This is partially a function of
the limited (1.0-5.0%) capacity withdrawn to 1.0 volt and the differences in
cell to cell IR values, Both of these factors even out as the cell approaches
the lowér (0.8 volt - 0.6 volt) but still usable cutoffs during heavy drain, low
temperature discharge. (Tables 13, 14, 16)

It is not known what effect lighter drains, cell age or intermittancy
of discharge have on the above situation.

This effect is within the performance range of present dry battery

service variation under the same conditions, One factor affecting uniformity
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of service was cathode mix moisture content (Fig. 6). Cathode density as well
as electrolyte wetting are both affected by mix moisture. (Table 14, Lots 55,
59, 60)
Factors which affect uniformity are as follows:
1. Cathode density - related to conductivity.
2. Cathode wetting - availability of liquid at reaction sites.
3. Raw material uniformity with respect to:
a. Moisture content.
b, Particle size distribution.
4, Proper mixing of formulations,
Comparative cell analysis with the aid of zinc reference electrodes
and the Kordesch Sine Wave Apparatus further confirm the advantage of the 4/1
ore to carbon cathodes over control. (Figures 11A, 11B, 11C, 11D) Figure 1l1A
shows the terminal cell voltages during the 0.250 amp (approximate) average dis-
charge (0.785 amp pulsed, 1/2 time discharged). It can be seen that the 4/1 ore
to carbon cathodes display higher discharge curves than control. (Readings taken
with VIVM) Figure 11B shows the IR free discharges for these same cells, Here,
again, the 4/1 cathodes demonstrate superior discharge curves. Since the IR free
curves are a measure of cell polarization, it is apparent that in addition to
reducing IR losses the 4/1 cathodes also demonstrate reduced cathode polarization.
Figures 11C and 11D compare cell IR losses (Figure 11C) with cathode IR losses
(Figure 11D) for these same cells, It is clear that the reduction in cell IR
losses with the 4/1 ore to carbon cathodes vs. control is almost entirely due to
reduction in cathode IR.
Areas for future cathode work are:
1, Establishing the parameters affecting service uniformity at -40°F,

temperature,
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2. Determination of best possible conductor or conductor combination,

3. Improvement of mixing operation through use of mullor-type mixing,
if possible.

4., Establishing raw material specifications for more uniform electrode
fabrication.

5. Determining a more precise measurement of moisture content.

6. Establish the effect of cell age prior to testing.

ELECTROLYTE VARIATIONS.

Work in this area (Tables 8 and 15) was centered around providing the
correct electrolyte concentration for -40°F. performance by direct substitution
into cells. All electrolyte concentrations were given as the concentration of
the liquid being dispensed. From the table, it is apparent that between 37 and
40.5% KOH was the optimum value for balancing conductivity, eutectic and KOH
availability.

Since the factory product is now 40.5%, it is felt that no large
advantage is gained by going lower.

Other substitutions involved the use of NazSi03°5H20 as a sequestering
agent to limit the hydroxide reaction and promote the zincate reaction. It was
hoped that this would provide a clean zinc surface. No elaborate trial of this
material was attempted; therefore, no conclusions can be drawn other than the
fact that the amount used gave 50% of control service to 0.9 V. on 4 ohm tests
at -40°F, (The above general conclusions apply also to the use of Li(0H) in the

electrolyte.)
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ZINC VARIATIONS.

No full scale attempt has been made to correlate zinc surface area
(particle size distribution) with cell performance at -40°F, The small amount
of work done, however, has shown particle size to be a factor on IR losses to
the high voltage cutoffs. It is expected that a higher surface area zinc would
reduce anode polarization also.

Tables 9 and 16 show that screening of RM-976 zinc powder to various
fractions has yielded as much as 150% of control service at -40°F, with the finer
zincs, Figures 12A, 12B, and 12C demonstrate the effects of fine zinc by the use
of the.Kordesch-sine wave, interrupted current technique. Cell closed circuit
voltages (CCV) vs. cell IR free voltages (OCV) show decreases in cell IR and
polarization (Figure 12B) with the use of finer zinces. Figure 12C shows that the
cathode IR for the control lot 61 and the fine zinc lot 62 was essentially the
same, therefore, improvements in total cell IR and polarization must be related
to the finer zinc. Finer zincs possibly may show higher gassing rates on high
temperature shelf. Future areas of work will be with various forms of zinc
(fibre, foam, etc.), uniformity control of RM-976 zinc or fractions thereof
(Fig. 13) and their effect on low temperature service and high temperature shelf.

ANODE COLLECTOR VARIATIONS,.

Efforts to improve the particle to particle contact of the anode by
restricting the space available for the paste anode expansion have demonstrated
that no improvement can be expected in this area of approach, Although 70°F.
flash current was improved, the -40°F, service was reduced by reducing the total
anode surface exposed to electrolyte and by blocking the paths for electrolyte

migration (Table 17).
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SEPARATOR VARIATIONS., (Table 18)

Only limited work was done in this area to ascertain the effects of
multiple wraps of Viskon-Vinyon on -40°F., service. Based on past data, use of
two wraps of Viskon-Vinyon provides adequate shelf stability, as well as
acceptable service performance. It is felt that more uniform, better wetting,
thinner materials would contribute to lower IR losses. Work will continue in
the area of other material substitutions.

Use of cellophane (LSD-195) indicated 67% of control performance on
4 ohm -40°F. service to 1,0 volt, however, it is not known whether this is due
to the increased numbers of wraps (4) versus control (2) or the properties of
cellophane.

GENERAL,

Typical curves of all the above variations are shown in the Appendix,
In addition, curves showing IR losses by sine wave current techniques with 4/1
ore to carbon ratio cathodes are also in the Appendix.

SEAL.
Work is in progress to improve the reliability of the nylon seal so

as to meet the requirements of high temperature shelf performance.
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CONCLUSIONS:

I.

II,

III,

Electrode analysis with reference cells and interrupted sinusoidal
current techniques has shown the following on 3 month old factory

product cells.
Per Cent of Total Cell Internal Resistance

% of Cell IR % of Cell IR
Temp. Due to Cathode Due to Anode
70°F, 95-97 3-5
0°F. 70-80 20-30
-40°F, 50-70 30-50

Cathode factors play a dominant part in cell IR losses. However, the

anode contributes increasingly at the lower temperatures to these losses.

Effects of separator contribution or cell age to IR losses have not been

fully determined.

Factory Praduct characterization on 3 month old cells has shown the

following. (Table 4)

Per Cent of Room Temp,., Service

~40°F O°F,
Load 1.0v. 0.9V, 0.8V, 10V, 09V, 0.8V,
100 Ohm - - - 3.5 5.6 8.2
2,25 " 1.6 2.2 3.2 7.5 13.3 17.0
4.0 " 1.9% 3.5 5.3 - - -
10.0 " 9.4 11.0 17.8 27.8 39.6 48.7

*Estimated from Table 13 data.
Thus it can be seen that considerable service is available to the lower
voltage cutoffs at low temperatures, and that efficiency increases with
decreasing drain and increasing temperature.
Formulating with varying ore to carbon ratios from 11.8/1 to 4/1 has showm

that the more conductive 4/1 mixes (control = 5/1) offer between 50% and



IV,

VII.

VIII.
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100% improvement to 1.0 volt service at -40°F, (2.25 and 4.0 ohm loads)
while maintaining the same extended low voltage service as control.
(Table 5)

Varying cathode wall thicknesses from 0.175 to 0,145 has shown 0.160 inch
thick electrodes to be optimum for 4/1 ore to carbon mixes, This corres-
ponds to a 0.920 0.D, cathode molding ram, (Table 5)

Additional work is needed to determine which conductor or mixture of
conductors is best. Use of air spun graphite as sole conductor or mixtures
of acetylene black and #2624 graphite have shown essentially equivalent
results in 4/1 ore to carbon ratio mixes.

The electrolyte concentration should be 407 KOH prior to dispensing in

the cell, This is approximately a 31-33% equilibrium value when mixea
with the other anolyte ingredients., (Table 15)

Use of finer powdered zincs with better control of particle size distri-
bution shows indications of improving low temperature performance., It

has not as yet been determined what effect this will have on high tempera-
ture shelf maintenance. (Table 16)

Two wraps of Viskon-Vinyon separator material (approx. ,008 inch/wrap)

are optimum for overall cell performance. (Table 18)

Although substantial improvements have been made to high voltage cuts on
heavy drains at -40°F. the level of service is not uniform for these con-
ditions. This is partially a function of the limited (1.0-5.0%) capacity
withdrawn to 1.0 volt and the differences in cell to cell IR values.

Both of these factors even out as the cell approaches the lower (0.8 -
0.6 volt) but still usable cutoffs during heavy drain, low temperature

discharge. (Tables 13, 14, 16)
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It is not known what effect lighter drains, cell age, or intermittency
of discharge have on the above situation., This non-uniformity effect
is within the performance range of present day dry battery service

variation under the same conditions.
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FUTURE WORK OUTLINE:

In the next quarter, the following work will be done:

Establishment of final cathode formulations.

Resolution within the limits of the contract those parameters

affecting uniformity of service levels.

Finalized seal configuration to meet contract requirements.

Investigation of various separator materials,

Investigation of various zinc anode forms and/or powdered zinc

fractions best suited for low temperatures and high temperatures.

Factory trial of best model with subsequent characterization.
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PERSONS WORKING DIRECTLY ON SC-89098 CONTRACT:

Project Supervisor - P, B, Doll

B.S., M.S. in Mechanical Eng.
University of Illinois, 5 yrs.
experience on alkaline batteries

Senior Engineer - J, Winger

B.S. in Chemical Engineering
Michigan State, 5 yrs. experience
on alkaline batteries

Senior Technician - L, 0. Smith

15 years experience on all types
of battery development work.

Senior Lab Assistant - B, J. Gorman

4 years experience on alkaline
batteries,

Hours Worked
from
5-1 to 7-31-62

56.4

364.2

62.0

405.9



-17-

30399110D
‘fnn f
..z“w.
2
apouy y
_
apoyle)
103jeaedag ateydsy ug
paddiq spug y3og
| ao3eaedag uwolurp
-uoysTA sdeay Z
20uUa21939Y
Te9s v
j 21¥M UZ °®TIQ ,%9/€

NOILISOd NI FONIIAATI JE0YLOTId AONTYAITY
- TIaD $6-F ALITIdHDD

1 TNO1a



18-

YLI°C X JU9aIng *eay  __ JUSAIN) AV ()]
“WaTpeen Ul SM0ROTITON0 =  ADD- A | ©9%8 0Z1/1
UIZIND I[N O pIJeTIY « ug Jusxiny _
(Suppeay 3do2801132%0) 801 ¥I .
X
vﬂ.-
T ewmadm  \  F 1 X ———Ff—-A____ |
lllll 0" 1
(3uIp®ad HALA) ADO
L)
Jua1IN) "3AY 03 vuu-o¢ (AD0 snulm AD0) $sOT yI : " o —
1 98 0Z1/1 h
! 330 jusazn)y
| [} .ﬁncﬁ
0
Juaixn) IBvaaay " |
lllll |_|I||+I|Il —_———_ g ——— — A -~ — tosz’
! !
) t .
1 | +00S
1 I
! |
| B .
| “ s
T T
| S —
*298 021/1 “ (3uaaany adeasay) (H1°€) = JuIaIn) IsSIng To00°1

uo jusaany

(®310A) tw33uezoq

(sdmy) 3ueaany




~19-

(44
[44
s¢
6¢
ct

oYy

0s
6%

6S

9¢

aw
%

86
L6
06
S8
001

8.
9L
€L
89
€L

09
99

%S
[A
0s
(A}

1%}

w
%

Suypeay 2ousaaazay o3 Ipoyje) = ¥Y)
Buipeay 9ouaaa3jay 03 Ipouy = YV
Suypeay apoyje) 03 Ipouy = Iy
(3uaian) °*3ay) (L) = 3Juaxan) aIsIng

LS00° 621° A% ve'1 1
Z%00° zot1” 801°
200° zs0° 850° 0S°1 st
S000° L20° z€0°
1000° 2€00°  Z€00° 96°1 LS°1
1000°  %000°  #000°
1000° Z000°  Z0OO° 96°1 LS°1
0 0 0 96°1 LS°1
0 0 0 LS 1 LS°1
980° (1] (o 00%° 10°1 SI°1
0s0° AN (y44d %2°1 A |
1€0° 060° AN 8€°1 A2 |
910° L£0°* $S0° - -
9100°  9€£00° S00° VI3 961
T000° €000°  S000° 951 951
1000° Z000° €000° 1 591
1000° 1000° 1000° 961 1
1000° 1000° 1000° 91 %1
oL’ 0s¢.* oY1 S9°0 $6°0
062° olg’ 009° 86°0 0z°1
290° 0L0° oyt’ 6€° 1 ey 1
S010°  SL00° 810° 661 6S°1
100°  6000° 200° 96° 1 961
%000°  %000°  6000° 96° 1 96° 1
1000° %000 Z00O° LS°1 96°1
0 000" 0 ‘A LS°1 ‘A 96°1
qw () ov *A°0°0 “A°D°0
"4l (9d09S) oV (WAIA)

LS4l HST¥A STIAD IFZIS W

(I0na0¥d XW0IOVd) STIID OWOHANSV 81 10T

NOILVATIVAZ JAVM ANIS
1 T19VL

0001
00s
0se
<01
V& GL°6

0001

00s

001
A ALY 44

0° 0001
0°00s
0°0s¢
0°201
v L°6

0001

00s

001
|\ ALNIY 44

0°0001

0°00S

0°001
V& 6°01

0zo1

ozs

001
v oz

JuIIINY
* Ay

"d,0L

“d, 0%




<20-

*A109y3 [ejUaMyiadxa pue
UOTIONIAISUOD 132 Jo uoyjeue(dxd 103 g 2in81j pue | aan8yg 03 1ajay

30U31333y§ 03 Ipoyle) = ¥)
90U913J9Y 03 Ipouy = Yy
apoy3e) 03 Ipouy = oy

s €2 £° 6% ove® Sye” 00L°® €L 0°%6
2 61 L°1S (WYX A 0o0¢* 086° S8 0°LL
AR | S°8S oye* (1) (o 0gs*® €6 0°LS
L°11 0°09 0ze* 0o0¢° 00$*° L6 0" LY
rAlA S°19 c81" 74 S1Y° SOt 0°62
Sy €°29 {944 (1 [ Ad oL 111 0°8t
0°¢ S 19 19 & s1Z° ose” 911 0°21
S 1 2°6S 0sT® G61° ote* AA 0°9
SL® %°86 ost® 061° cze’ XA | 0°¢
lg° £°sS SHL* 081’ cze’ €1 S 1
asing sdmy ¢g/°0 - "aAy °sdmy ¢z°Q uyeaq
0°6 9°¢9 8C° 16° 08° 8 81
0°8 £°€9 8z° 0s* 6L° <8 91
0L 9°¢9 9Z° Ly Y* 16 %1
0°9 0° %9 XA 9%H° A S6 4
S 8°99 9Z° 9%h° 69° 86 _6_
S°¢ 4499 \ 7 N L9° 201 L
62 %°69 9Z° %G* 8L° S0t S
0°¢ 9°¢€9 A AN 99° 801 \/
0°1 S %9 ¥ A oy° 29° 911 r4
S0 9°€9 8z° Le* 8s” 121 1
0 ‘A O ‘A0 A0 8310A /61 ‘upa 0
Ing i K¥i qr 9§l *A'0°0 E 334
‘uyy °day w % -\ W ov (za33) oV

dill'
340080111980 asIng sdwy /G°1 - °9Ay sdmy ¢°Q uywaq
*d, 0% .a'O.H

IS3AL HSTA - STIAD OWLAHSV FAZIS .ds
STIAD 81 101
NOLIVNTVAZ JAVM ANIS
T TI9VL




-21-

*® & * *
O-—lNlnl\NgO\
~ N (2]

NN INNOFTOO
L ]

["a]

8

*SUTR °duy

*£103y3 1ejuIwiIIdx’ pue
uoI3IONIISUOD T[22 JO uoyIeueydxa 103 7 pue | ssinByj 03 13334

Suypeay 2ouaiajzay 03 IpoyIe) = P
Suipeay 20UaI9JIY 03 Ipouy = YV
8uypeay apoyie) o3 Ipouy = IV

LL S61° 09y° 009° (174 0o%°0 09°0 0°S81
£9 061° 08e” o%s* 61° 6%°0 89°0 0°SL1
0s 11' YA osy” o1L° 1% A 26°0 SL°0 0°611
69 ove* oey’ 029° 12° 69°0 06°0 0°S6
1L 061° oLE” 0zs’ 61° 8.°0 L6°0 0°8L
99 091° soc”’ 09%* Lt £€8°0 00°1 0°89
€L €L0° 0z oot” Ti° L6°0 80°1 0°SY
YL £90° 00¢* \JAA 60° 00°1 60°1 0°s¢E
SL SY0° LT’ 8cc’ 80° 1 1 0’11

SL 8%0" G91° 0¢ce’ 80° 01 82°1 0°S

1L 160° 661’ oz L0° €2°1 oe’1 0°¢t

LL A #60° °A SST° °A 20T’ *A 80° ‘A 82°1 A 9T ‘utm ¢°0

a0 41 d1 a1 ‘A1 "A°0°0 *A’'0°0 Wyl

% av k- o) IV (z233) OV
UQOOQO.H.:”OOO
’sIng ‘sdmy /C°T
*aAy ‘sdmy ¢°(Q uyeiq
oh0° .EH
STIAD 81 I01
NOTIIVATVAZ JAVM 3NIS
€ TI9VL

[




*93eq SUFINIDEINUSH Z9-91-S

|f% lﬂ ;
1°08 1°69 2°8S 6°8¢ . XA 6°91 11°L1 6L 0°9
=0°0L |6°SL | -0°S9 {ZT°L9 | -T°€S |2°9S §-%°€E | 6°9€ ' -9°GT| 9°9T | -9°21} S°ST ; -S"ITl S°€1j -€°L: %°L| -8°¢ n.m_ 0°0o1
: ] !
(sanoy) (sanoy) ; (sanoy) . 1
M M i(asoy
! ,“ : q¥T)
" _ 08-SLi 8L [E%-0%:  Z¢ i 8I-6T: L1 0%
m Am .
o8 069 ! I o1s 91 | i ., ! | . “
-Gl8] <S8 =049 i L9} -OL¥ . 6% -G11; 9%l <6-08! 06 b 249-8T Lf. 18Z-67 IT feT-%1 ST 8-L 8 (YAKA
! m m . j N i | : _ A :
062 012 871 A. . ! m 4 .
-£9¢| 08¢ -881 G61 -G01 €1IT § ¥C-1¢C 1 94 ¢1-01 11 c-v VA . i 071 :
i | i
(" uym) (" uym) (*uym) m
Buey| oAy | Buey _.u>< a%uey | oAy | o8ury | “oAay | aBuey | “eay | 98uwy | “9Ay | S8uvy| *eAyY ouuo&_ “PAy | 98ury | “9AY || sw0
‘A 8°0 ‘A 6°0 ‘A 01 A 8°0 ‘A 6°0 ‘A O°1 ‘A 8°0 *A 6°0 A 0°1 peo]
“dwa1 - 3,04 TdmsL "4.0 “dmey 4,09
81-9201-a 01
SOLISTHALOVIVED 1Sl HSIuA
IDNA0Yd OYOUTHSV
Y T1I9VI



-23-

0°9
'Y
%Yy
(A
6%
9°¢
6°%
6%
6°S
7Y
o'y
s°e

“A 60

“d,0L
3o %2

11 0"y 802
921 8°7 0S1
AA 9°2 8€1
9”71 "7 SEl
8E1 0°€ 291
601 0°2 14 44
1 0°¢ 691
1€1 0°¢ 851
Sst 0y z61
611 9°2 8€1
L01 €2 4 44
001 6°1 001
“A60 TAOT A0 1
1013W03  °“3,0L  T033U0)
3o % 3 % 30 %

L AA
8°01
8°01
Lot
L°01
L°01
0°01
0°01
0°01
0’01
0°01

8°01

“3I8TOH
XTH

- - osv
[ - 1) [1]
[} - " (1]
L1 - (1] "
" - " "
(1] - (1) n
(13 - 1] "
i - " s
(1] - " (1]
" = [1] 1]
[1] - [1] [1]

1oulq Juawa) 4929 + AV
SUOTJIBRTIBA A039npuo)

13430

—

“4,07- 3¢ 300D W0 ¥

SIINSTY XYVWWNS FADTLH¥AS HSTWI MINLVIIIWNIL MOT

1/%

1/%

/v
1/9¢°¢
1/9¢€°S
1/9¢°¢
1/€9°L

81¢
8Tt
8zz
01¢
01e
01
[A¢4
4 ¢4
e
14 ¢4

112
1013009

*ON

XTH

11
44
(44
97
61
8¢
v
(114
1 X4
| ¥4
14
6t

07
9Z01-a

S TVl

ST0LONANDD NOSHVD + ZOUK HLIM SNOLIVIMVA 3QOHLVD



“2-

2103937102 pol1 UFRIIND °‘Q°0 00S° ‘OUTZ Ysaw (0Z-0ST + 93IL[013I0319 HON %SE «

"OUFZ GOZI PIUIAIVS UBJ-QGT SBA IPOUY gy

9°¢ 881 e L92 L6 - - sV
£°2 oSt s°1 L91 8°6 HOX ¥e1a osv
1€ 991 8°1 80¢ L°6 - - osv
9°1 001 6°0 001 L°6 13ukq 3Juama) %292 + 4V
0 ] ] 0 T°11  T19uéqg - osv
%z Lz1 1 991 0°L osv
L'z 0s1 9°1 007 S°6 osv
1 L S°0 ) 011 - - osv
Lg L6t €7 €L2 011 “ - “u ou
0°¢ 001 6°0 001 9°01 T3ufg 23Juawd) “ u
8°¢ 8 6°C €€l 8°6 " - w ow
6"y 921 Lz o1 8°6 “ - TR
194 19 €1 £9 8°6 " - W ow
198/ 001 0°2 001 8°01 T9ukq 3Juawa) 929C + AV
A 60 "A60 “AOT A 0'T T“ISION  SuOTITTABA X03onpuoy)
*4,0L 10ajuwo)  °J,0L  1013u0) XTH 1ay30
30 % 30 % 30 % 30 %

*3,0%- 3¢ ‘300D W0 %

SIINSAY XAVHHNS FDIAYIAS HSTYA TANLVEAJWAL MOT

9 FIAVL

0zeé°
ozé’
(114
0ozé’
0zé*
174
0zé6°
ozé6°
ozé°
0z6°
0s6°
0z6°
0sé6°
0z6°

*a’o
wey

/%
1/9
/%
1/s
1/6
/9
/%
/v
/9
1/s
/%
/Y
1/%
1/s

W
/230

81¢
0eT
812
1013u0)
1 XA44
81z
81
812
144
1013009
144
8z¢
8ce

1013uU0)

*ON

XTH

*»79
<9
€9
19
Ls
09
6S
119
%S
6%

»0Y
(A
18/
1%/

Elg 1
9201-a

SYOLONANDD NOHEVD + ZOUH HIIM SNOILVINVA FGOHIVD



-25.

€2 6L1 1 192 "6 19ulqg - 4$29C + AV 0z6° /% 82 89
%1 121 9°0 €€l Z°6 T13ukg - oSV 0z6° /9 1€2 69
9°1 L1 8°0 L91 z°6 - - oSV 0z6° /9 812 L9
rA | 001 S0 001 1°6 T12ufg 3Juawad) %292 + 9V 0z6° 1/ T10x3u0) 99
“A 60 *'A6'0 ‘AOI °AO1 "ISJOX  SUOTIPTIPA $10350puo)H “@’0 UuUoqie)  ‘ON 307
*d,0L 1013u0) *d,0L 1013u0) XTH a9y30 wey /330 XTR 9201-d
3o % Jo % 3o % 3o %

2,09 3¢ 360D W40 %

SE0IONANDD NOGUVD + Z20UW HIIM SNOLIVI¥VA JAOHIVO

SITNSTY XYVIANS FDIA¥AS HSTYA UNIVIZIWAL MO'T

L TIAVL



0°1 [A9 %0 0s 20¥s v°

6°1 o1 8°0 001 HOTT %1

€0 14 rAY 81 HOX 3axeld

1°1 LS c°0 119

0°¢ 001 6°0 001 T013u0)

9°€ L6 €°C S1t

9°€ 86 0°¢ %01

9°€¢ (A1) 4 0°¢ %01

e 001 6°1 001 10x13u0)
TR 8L uwoou 001 TR
wou S TR 88 TRENY
TR 89 wooou L wou
T 1$ TR 0s JKO ©ON
ejeq ON 001 BlB(q ON 001 T013u0)
‘A 670 ‘A 6°0 ‘AO°1 ‘A 0°T JATITPPV

‘d,0L 30 % 1013009 JO % ‘d,0L 30 % ~OM“=M0

.

‘d,0%- 3I' ‘U0 W) ¢

s° oY
sToY
0°0s
0°sYy
<oy
0°¢ce
0°s¢e
0° L€
S° oY
0°ee
0°1¢
0°62
0°L2
S oY

[49
8Yy
1s

6y

£

62
6¢
Y1
St
91
L1

1)1

07

9201-a

NOIIVI¥VA ALXTOWIOTIA

SIINSAY XYVWHNS FADIAYIS HSTIA MINILVIAIWAL MOT
8 TI4VL



Sl R S

*(81Z XTH) 9ISV UITA S9pOYIED UOQIED 03 310 /Yy »

9°€ €6 &/ 821 ueg-0s1 “ %
1°€ 001 8°1 001 1023009 » »£9
()4 001 6°0 001 ued-0gs1 “ 29
61 001 6°0 001 1013u0) “ 19
82 oyt 91 (451 ueg-0g1 “ £S
0z 001 6°0 001 10a3u0) “ (3
£y 121 AR/ STt 001-S¢ “ 8¢
Y 921 AR/ 611 0S1-001 " e
Ly 821 £°2 611 00Z-0S1 “ 9%
S°€ 001 6°1 001 1013u0) 9.6-5u 6€
TA60 A 60 A 0°1 A0 T e Xy N¥Z 307
d,0L 3° % 1013u0) Jo % 4,0, 3° % 1033u0) 3O % 9Z01-a

“d,09- 3% SUjIsIL WP b ~

MOLIVINVA ONIZ

SIINSTY XAVIGANS FOIA¥AS HSTMI FUALVIAIWAL MO'1
6 TIAVL



CELET=TT

<

-28-

*saqn3] ssel1q pajerojaad ‘pajeweBirweaig x

-aqna

0°¢ L9 S°1 29 0sS* pa3ie10313g *€€

. 3’“
€°¢ 8L 9°1 69 00S° pa3eI03aag »T€
10a13U0)

S'€ 001 6°1 001 96¢"° 891 6€

A 6°0 A 6°0 A0 1 A0 1 ‘ao 9d&y 30
*3,0L 30 % 1023u0) 3O % *d,0L 30 % 1013U0) 3O % 10329710) 10399710) 9z01-a

“3,0%- 38 -3U0p W0 ¥

SNOLIVINVA WOIOATIOO0 AGONV

SIINSTY XAVWANS ADIAYAS HSAWd TANIVIAINIL MOT
01 TI4VL



-29-

L0°Y
11} 11}
[1} "

eleq ON

A 6°0
*d,0L 30 %

*33£70139919 Ut IR ON «x

1013U0) JO %

06 91 L9 \j
001 0°'¢ 001 (4
%9 woowm (11 €
8¢ woow 9% (A
8L woon 29 1
001 ®38Q ON 001 z
A 60 A 01 A0 1 sdeay

‘4,0, 3° % 1oa3uo) jo %

*d,0%- 38 "3JU0D W0 %

aueydo113D S61-AST
+ UOAUTA-UONSTA

1013w0)
uoAuTA-UOASTA
uoAuTA-uoONSTA
uOAUTA-UOYSTA

UOAUFA-UORSTA

? 103vaedes

SNOLIIVI¥VA NO1IVEVd3S

SITNSTY XYVIANS FDIA¥AS HSTIA TANIVIAIWAL MO

11 d19VL

1%/
»€1
*11
LA

01

Elg

9201-a



%4 61 9 O%61 08ST 80tT S 1 0 966 808 979 1°6 8€°0S “ 29-L-8 99

€L 2Z¢ T 090 O0S91 [LSET O1 € T Is6 008 819 L6 18° 16 uw  29-¢-8 19

4 L9 08 IT  ¥E6L 02ST 8921 41 ¥ T 8% 08L 099 9°01 0°8% W 29-92-L 6%

v LET 99 LT 0961 0Z9T #¥€1 2T €1 S 966 8€8 099  8°01 0L’ 6% w  29-11-L £y

80T 85 92 010z O%9T O08€T €€ ST 9 9101 9%8 259  8°01 09°0¢ *19A3Q  29-9-L 6¢€

8, Ty L1 woow Lz ST 8 SS8 LlL9 T6Y o1oqaysy z9-1-9 "294 8T

ZIT 65 92 IsaL oN 12 9 € IS8 00L T9% v°6 15°9% w  T9-62-S o1

®IEp ON 0681 OIST %SZT %1 ¢ Z 016 0% 8Ss 8°T1 11°9% *19Adq  29-£2-§ 6

80 60 0T 80 60 01 80 60 01 80 60 01 °3ISOR  'sus 938q "IN 307

*d,0%- 3,07 3,07~ 3,04 XTH  *3IM XTR 9201-a
(823nutm) -3u0) W0 4 (s93nuTwW) -Ju0) WN0 GC ¢ °Y3IBD %L IPpoy3ed

SIOT ‘0UINDD

SIINSZY FADIAYIS HSAMd TANILVIAIWAL MO'1
€1 TIAVL



«31-

€91 66 ¥ 88T 0591 O09E1 %Y €T 01 8L6 878 849 L A - - o8V ote’ /Y ¢4 " st

L 28 SIS 7R+ 8891 O06ST 08€1 (T L 0 YL %L 809 8°01 " - “ u S98° Uy 8T - (44
arn W % 0S8T 0191 08€1 19 02 L 0S8 06L 9t9 8°01 “ - " « 026 Uy st " 24
171 S TR 1 8281 0ZLT 99T s¢ W1 z 9Z8 08 8.9 L°01 u - " w S88° 1/9%€¢°S o1 " 92
€1 08 v 8SL1 0291 0ZY1T 9 91 L 8¥8 018 9.9 L°O1 " - " uw 06 1/9%°'S O “ 61
W €9 6 001Z O%.1 0wl 9T [ (] 086 098 69 L°01 " - " w 0S6° 1/9€°S  O1T “ 4
811 8L €9 86L1 06S1 ZEYT €€ 41 z 08 09L 909 0°01 " - W w S8 €L T “ L 4
24 QI VAR ¢ ) T89T Y¥ST 99c1 €€ 91 0 068 92t %S 0701 “ - “ w 06" U/€9°L " oz
61 06 05 9081 O0€ST 9%1 1€ 11 0 o%6 9€L 9IS  0°01 " - “ w 086" 1/€9°L 21T “ €z
01 69 9 99T 8LST %Y1  S€ L1 v 6L 89 029 0°01 " - " w 026 /el I “ £
801 29 6 OI8T O%ST 921 (£ %1 1 78 %1L 0SS  0°01 " - " w 0S6° /81T e " 4
01 85 92 010z 0%91 08cT €€ ST 9 9101 9%8 9 8°01 TIuAg IJusmsD $Z9Z + AV 06" 1/§ 1033w0D 29-9-L  6€
80 60 01 80 60 01 80 60 01 80 60 01 °-3ISTON Suojaejisp 30390pu0) 'Q'0 Uoqiey TOR o3wd W1

xR % a0 wy  /ex0 X S 9Z01-a

SWIONAN00 WOKEVO GV BIIA A

STINS3M DIAEAS HSdUd TELLVEADGL MO

y1 TITVL



9 w9 0c6T 80ST 96Z1 €1 % z ISL %S9 8IS 6 " - 99T+ AV 026 /v 8z “ 89
8y € 8 0861 0191 BOET 9 1 () 206 018 819 76 Toukg - " 0z6° 1/ 1€z " 69
oS 9z o1 SS61 0191 80ET 11 ¢ 1 996 8 8% Z°6 - - o8V 026" 1/v 81z “ L9
Sy 61 9 oy61 08ST 8OET S 1 o 966 808 929 1°6  TuAg Jusms)  HZ9Z + AV 0Z6°  1/S 103IIWOD  Z9-(-8 99
*OUTT 9/6-HE POUSIIDS URJ-QGT SWA SPOUY 4
6 09 ¢ 910z 0591 B8SET ST €1 S 9011 006 8OL L°6 - - “ 0z6° 1/ 812 " 9
L6 89 0OC OI1Z 0691 O¥%1 81 9 T 0901 O¥8 0% 8°6 WX *yetd “ 0z6* /% o€z “ 9
%6 €5 ST 0STZ <891 oOs€l 9z 21 v 96 U8 WL L6 - - 98V 026" 1/v 81z “ €9
€& & 090z 0591 LS€1 O1 ¢ T zS6 008 S19 ('6 ToukQ JuemeD 9297 + AV 026"  1/S 101IW0D  Z9-€-8 19
o o ° 00ZZ 0£81 8EYT O (] 0 01 %8 869 11 1%ukg - " 0z6"  1/6 €z “ Ls
9 8 81 00:1 2ZSST 9IET %1 S 0 918 9% 029 0L - - " 0z6° 1/ 81z " 09
18 sy 01z O0%91 086l 2z O1 0 0SOT 9S8 999 S°6 - - “ 0z6° 1/ 1¢4 “ 6s
is €2 L 0902 0€9T OLET %1 9 T 61 98 %9  O°11 - - 285V 0z6" /v 812 " s
601 65  Of 001Z 8.ST ZIET 8T LI L 0901 9¢8 999 O°II " - w w06 /Y 744 “ 1]
9 o 11 ¥E61 0ZST 891 %1 ¥ 0O 8% O08L 009 9°01 1T9ukq -Juswd) 9Z9Z + 4V 026  1/S 1033W0D 79-9Z-L 6%
*30399110D POY UFRIAND °Q°0 00S° ‘OUTZ Ysew 0OZ-0ST + IIK[OIIIVTS HOX ASE »

oL 95 9% 0881 99%1 z%Z1 ST L1 6 808 00L 085S 86 “ - W w  0S6° 1/ (741 W oY
%1 €8 8¢ 9202 OLL1 00%T 6 L1 L 9101 U8 869 8°6 " - w w 06" /Y 8z " Y
18 oy L1 0s0Z 0191 92¢1 0Z ¢ 1 9901 0/8 20L 86 " - W w 086" /Y 144 “ 13}
L1 99 L2 0961 0291 %€l € €1 S 966 8€8 099 8°01 TPuUAQ 3uIM) YZ9Z + GV 026"  1/S T03IWOD Z9-TI-L €Y
0 60 01 80 60 01 80 60 01 80 60 01 °-3I9JOA Suojawrdvs  I0IoApU0) 'q'0 D0qav) 'ON  93eq 301

XTH % 194320 wey /%30 3 "8I 9zZot-a

WTAVD TV TIVIUVA S0DHIVO

P,3V0D "9 FAIAVL



«33-

oYy ST S 0%61 96%1 0611 ST 9 [4 06 808 229
29 62 14 8C61 WEST %.C1 01 ¢ [4 9¢6 9L 009
€1 Y 4 9981 O09%1 O%1l < 1 0 8.6 9SL O%S
£y L1 9 ¢S6T 90ST 8€TI 8 € 1 8e6 8Ll €96
L9 ot 11 61 0¢ST 8971 A S [4 8%6 08. 009
68 9s 0oe 0481 O0LST 8IET 91 9 0 08 8SL 009
96 LS L 9/8T1 O06ST %St1 8¢ 11 Y 916 06L 929
€IT 65 Li 0861 0791 08¢1 1t <1 1 ¢L6  9t8 0.9
801 8§ 9¢ 010C¢ O%91 08¢t1 ST 0 0 9101 9%8  7S9
SL 9% 9¢ woon e 6 Y $99 198 9t¥
(4 VA 1 X4 TR 81 S £ s08 <99 8IS
€9 oy 0¢ wooon 1T € 1 18L 999 OIS
15 ot 1§ w o om Y [4 0 789 8¢9 T6Y
¢itT 6S 9¢ BlEq ON 1¢ 9 € eS8 00L  T9%
8°0 60 O0°1 8°0 60 0°1 8°0 6'0 0°1 8°0 60 0'1
“d,0%- 4,04 “d,0%- *d,0L

(‘uym) °3juo) wyo 4

(*ugm) °‘Juo) wyo 6Z°Z

201S %% STO% " zs

HOTI %1 S°0% " 8%

HOX aYe1d 0°0§ " 1$

0°S¥ " 0S

T013uW0)  G°0% 29-92-L 6%

€€ " 1€

11 " o€

LE " 62

1013U0)  ¢°0%  T9-9-L  6€

0 oon X " 91

" ou 1€ " ST

uw ou 62 " 91

OKD ON Lz “ Lt

1013U0)  G°0% 29-62-S  OI
SATITPPY 2 HON  938Q 307
% ‘810 9Z01-a

SI'INSAY JADIAYAS HSTII TIANLVIAJWAL MOT
ST FIAVL

NOILVINVA ZLXTOUIDZIA



-M.

910Z o059r geer 6 o9 4 9011 006 go; 14 £1 S neg-0¢1 “ ™ *99
0SIZ <89t oper 6 €< 174 96 8 %oy 92 LA Y 1923909 " c9-t-g €9
0L6T 0197 wger 44 4 4 EE0T o088 ggo 44 4 4 uvd-0$1 “ “ 29
0%0Z 0591 sg61 €L 43 c1 56 008 gy9 ot t 4 To33u0) “ 29-¢-¢ 19
0/81 60ST ¢zz1 £8 A4 L1 096 2z6L/ 219 1 %4 o1 S ued-0C1 " “ €S
Y61 0ZST g9z1 {9 oe 11 8% 08, o009 Y1 V4 [4 102300) " 29-92-¢ 6%
06T 0291 o081 &1 oL ot 896 9€8 999 ST 0 0 001-s¢ “ " 8¢
0S61 0591 o9ggy (43 SN 7] 1€ 896 918 ¢99 k(4 6 0 0S1-001 “ " 743
0461 08ST +wgeq 891 4y 1€ €96 €9, ogg 92 1) 4 0 00Z-0¢1 “ m 9t
0102 0%91 oggy 801 gg 9z 9101 9%8 z¢9 113 St 9 9L6-Rd Z9-9-4 6¢

duyz ‘S 9201-q

SIINSTA 3ADTAuaS HSTY4 DIIVITIEL Mo

91 Fiavi



-35-

*saqn] sseig pajelojiad ‘pIjewmeSieweaig x

qny,
L 6e 91 TI9T %621 8€OT 6 € 0 8€8 9TL 9%S 0SS*  pI3IvIozIdg " ¥€E
aqng
{8 Sy 81 0CL1 28£1 9tl1 ST 9 1 9¢8 HYIL  TSS 00s° paje1ojaag " L 7A%
(1013U09)
801 8S 9¢ 0102 0%9T 08t1 ¢£¢ S1 9 9101 98 259 96¢° 897 29-9-L 6t
8°0 6°0 0O°1 8°0 6°0 0°1 8°0 6'0 0°1 8°0__6°0 0'1 ‘a‘o 1190 3dKy ajeq 301
“A, 0%~ *d,0L *d,0%- *d,0L 10323110) “8IN 9Z01-a

(CCuya) -3u0) Wm0 ¢

("uym) ‘3U0) WO GZ ¢

SNOLIIVINVA WOILOZTIO) AGONV

SIINSAd ADIA¥AS HSTUI TUNIVEAAWAL MO'1
LT TIAVL



-36-

*198 xed10 UT D ON «»

S61-AS1
4 4 SR () 0£0Z 08ST 8IET 92 o1 ¢ 056 98L 219 \Z + A-A " \ 44
LET 99 LT 0961 0291 %%l ¢ €1 S 966 8t8 099 z 1013U0)  Z9-11-L €%
s8¢ 8¢ €I 44 L € 818 1L 066 £ A-A W xEl
o8 %% zI 0z L € L8 SeL  8%S z A-A " *11
86 9% 91 8¢ A S 618 €L 8§ 1 A-A " *T1
2T 6 92 ®lRQ ON 1z 9 € S8  00L 29% A 1oajuwo)  z9-62-¢  OI
8°0 60 01 8°0 60 01 8°0 60 01 80 60 01 sdeaqy =~ odkL = 33eq 307
*3,0%- 3,01 *d,0%- 3,0L zo3ezedag 830 9201-a

SnonayJuo) WHo % SNONUTIUOC) WO GZ' ¢

SNOILVINVA 301IVEVdAS

SI'INSEN IDIAYAS HSTEd TINLVIAIAAL MO'T
81 TI4VL



-37-

89INUTK

001 06 08 0L 09 0S oYy ot 0¢ 01
/
PSV 0¢6° /% — S€
06’ /% — T
026" 1/9¢°S 61
026" 1/€9°¢ 114
0z6° 1/8°11 — 1T
Toxj3uoy — 6¢ 3IOT 9201-a

“d,0%- e ysaig s8I113) G6-1
s3[nsay uoqaen o3 aiQ TeoTdL]

saAIn) 3Baeyosiqg "IJu0) WO GZ°'7

STIIVIIVA FAOHLVOD

1 A

L

€ TAN9IA

9°0

Lo

8°0

T°1

71



SIINUTH

002 081 091 o%1 0zt 001 08 09 oY 0z o 50
|

AN

~ : 8°0

1:::::::.zllllllllmmmmmmmwm
N

/
WV
/

.
Vi
/

95V 026° /9 — ¢¢ A rt
0z6° 1/9 —-T2
026" 1/9€°S 61
- 026" T1/€9°6 ~— 02 A §
026" 1/8°11 — 12
10130y —— 6€ 30T ‘9Z01-a
*d,0%- e ysaig S G6-% .
- s3jInsay uoqie) o3 aiQ 1ed1dL] €1

9AIn) 281BYISIQ SNONUTIUO) WYQ %
STICVIAVA FGOHIVO

i L

=

-
3
~—

% NNO1A




1.4

1.4

0.8;-

-39~

R 3

T v L 1

CATHODE VARIABLES
4 Ohm Continuous Discharge Curve

Typical Cathode I.D, Results with

5.36/1 Ore to Carbon Ratio
E-95 Cells Fresh at -40°F,
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CATHODE VARIABLES

' 4 Ohm Continuous Discharge Curves

Typical Cathode I.D, Results with
7.31/1 Ore to Carbon Ratio
E-95 Cells Fresh at -40°F,
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TYPICAL 4/1 ORE TO CARBON COMPARISON WITH ASG VS. AB + 2624 GRAPHITE

E-95 CELLS FRESH SERVICE AT -40°F,
2,25 OHM CONTINUOUS
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1.2 A— 22 —e—AB +2624 1.2 A 42 —— AB +2624
§Q\ 35 —8—ASG No ASG Comparison
%1.0 N T %1.0 Ny +
o o !
S0 || s 2o0.8 == .
s 0. [ 4 =SS —
0.6 | , 0.6
0 20 40 60 80 0 20 40 60 80
Minutes Minutes
1.4 1.4
D-1026-49 Control D-1026-66 —— Control
1.2 54 —— AB +2624 1.2 67 —&— ASG
9 56 —8— ASG g 68 —o— AB +2624L
3 1.0 \ 3 1.0 ? s } o
2 \e\ 3 i T ‘
= 0.8 |- \\ \'_ N > 0.8 ﬁ l
0.6 ' 0.6
0 20 40 60 80 0 20 40 60 80
Minutes Minutes
1.4
D-1026-61— Control
o 1,2 63 —a— ASG
E" No AB + 2624 Compar-
;o-cl.O K ison
0.8 -~
) ‘\\#’\
\ ! \
0.6 1
0 20 40 60 80
Minutes

FIGURE 7



83 INUTK

0ce 081 oyl 001 09 (174
9°0
——
- S o1 &
uostiedwo) 4$z9zZ + gv ON / .m
& 98V —e— €9 A e
3 1013u0) —— 19-9Z01-a ‘_
' %1
sa3nuIy 8INUTK
0ce 081 o1 001 09 0¢ 0ce 081 ovl 001 09 oc
9°0
=] _ lrﬂf
/:/ wno P— [—
P < /
HHHM o wn
%292 + 9V —e— 89 @ 9SV —e— 66
98V —— /9 <1 %292 + 9V —e— %S
101303 —99-9Z01~-d ‘1 10130y —— 64-9201-A
sajnuIy 823nUTK
0Ze¢ 081 oY1 001 09 0C 0ze 081 oyl 001 09 (174
9°0
.// ~ //
E—— 8°0 « | R
e =Y ]
o~ " S
BN 0’1 & ‘ S
uostiedwo)y ngy oyN o 95V ¢t /J
%29C + AV —e— Y (A %292 + AV —e— 22T
1013109 £¥-9201-a 1013u0) 6£-9201-a
%1

SNONNIINOD WHO ¥

"d,0%- IV ADIAMAS HSTIA STIAD S6-3
ALIHAVED %29T + 4V °SA 9SV HIIM NOSINVAWDD NOSHVD Ol Fd0 1/% TTVOIdAL

8 IWNOTA

8°0

0°1

?8e310A

't

1

a8e310A
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FIGURE 9
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2.25 Ohm Continuous Discharge
1.3 Curves
\ Typical Zinc Particle Size
1.2 Variation
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FIGURE 10
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Uaien Corbids Conpumnr Products Company,
Electrechanical Product Developuent Laboratory,
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