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NOTL[CE

This ieport was prepared as an account of Government-sponsored work.
Neither the United States, nor the National Aeronautics and Space Admin-
istration (NASA), nor any person acting on behalf of NASA

(a) makes warranty or representation, expressed or
implied with respect to the accu.acy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

(b) assumes any liabilities with respect to the use of,
or for damages resulting from the use of any information,
apparatus, method, or process disclosed in this report.

As used above, "person acting on behalf of NASA" includes any
employee or contractor of NASA, or employee of such contractor, to
the extent that such employees or contractor of NASA, or employee
of such contractor, prepares, disseminates, or provides access to
any information pursuant to his employment with such contractor.

Request for copies of this report should be referred to:
National Aeronautics and Space Administration

Office of Scientific and Technical Information
Attention: AFSS-A

metallurgical
materials division




® ooy e &

v &

TABLE OF CONTENTS

LIST OF TABLES. . . . . . .
LIST OF FIGURES ., ., . . . . . .

ABSTRACT. . . . . . . . . .

. v

INTRODUCTION . . . . . . . . . . . 1
ELECTROCHEMICAL INVESTIGATIONS . . . 2
FACTORIAL DESIGN EXPERIMENTS . . . 6
PHSICO-CHEMICAL CHARACTERIZATION OF PLATES e e e e 38
metallurgical

materials division




i,

LIST OF TABLES

NO. PAGE !
I PERFORMANCE DATA FOR HEAT-STERILIZABLE, SEALED {
RECTANGULAR, Ni-~Cd CONTROL CELLS (UNSTERILIZED)
WITH POLYPROPYLENE FTZ140 SEPARATOR ON CONTTNUOUS 4
CYCLING @ 22°C. . . . . . . . . . . . . . 35 k
II Ni-Cd RECTANGULAR CELLS FACTORIAL DESIGN
EXPERIMENT WITH £ POSITIVE AND 9 NEGATIVE PLATES . . 7
111 ELECTROCHEMICAL PERFORMANCE DATA FOR CELLS IN
FACTORIAL DESIGN EXPERIMENT . . . . . . . . . 8-37
IV X-RAY DIFFRACTION INSTRUMENTAL CONDITINYS . . . . 48
' PRINCIPLE LINES FROM ASTM STANDARDS FOR Cu KA
RADIATION . . « v v '« v v e e v e e b j
VI X-RAY DIFFRACTION LINES OF Cd (OH), for Cu K& |
RADIATION . . v v & e o v e e e e 50 1
VII X-RAY DIFFRACTION DATA (NEGATIVE PLATE) PEAKS (,‘
OTHER THAN Cd (OH) . . . . . . . . . . . . 52 1
J
1
|
{
metallurgical

materials division

ii




LIST OF FIGURES

NO. PAGE
1 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #1 AND #2 . . . . . . . . . 39
2 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #5 and #6 . . . . . . . . . 40
3 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #9 and #10 . . e e e e 41
4 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #13 and #14 . ., . . . . . . 42
5 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #17 and #18 . . . . . . . . 43
6 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #21 and #22 . . . . . . . . 44
7 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #25 and #26 . . . . . . . . 45
8 DELIVERED CAPACITY VS. CYCLE NUMBER FACTORIAL
EXPERIMENT CELLS #27 and #30 . . . . . . . . 46
9 X-RAY DIFFRACTION OF Ni PLAQUE &« « « +« 4« 4« . 53
10 X-RAY DIFFRACTION OF POSITIVE (AS RECEIVED) . . . 54 (
11 X-RAY DIFFRACTION OF POSITIVE (CYCLED) . . . . . 55
12 X-RAY DIFFRACTION OF POSITIVE (STERILIZED)., . . . 56
13 X-RAY DIFFRACTION OF POSITIVE (STERILIZED AND 4
CYCLED) . . . . . . . .« .+ « .+ + .« . . 57 |
|
14 X-RAY DIFFRACTION OF NEGATIVE (AS RECEIVED) . . . 58 i
15 - X-RAY DIFFRACTION OF NEGATIVE (CYCLED) . . . . . 59 i
16 X-RAY DIFFRACTION OF NEGATIVE (STERILIZED). . . . 60
17 X-RAY DIFFRACTION OF NEGATIVE (STERILIZED AND ;
CYCLED) . . . . . v v v o oo el . |
i
metallurgical 1

materials division




LIST OF FIGURES

(con't.)
NO. PAGE
18 SCANNING ELECTRON MICROSCOPY - NEGATIVE, SURFACE . . ., . 62
19 SCANNING ELECTRON MICROSCOPY - NEGATIVE, TRANSVERSE
SECTION . L] L] L] L[] . L] . . . L] L] L] L] L] L] L] [ ] L] L * Ll . LJ 63
metallurgical

materials division

[ S




o RESEARCH AND DEVELOPMENT DEPARTMENT

Abstract

The objective of this work is the development of heat-sterilizable, her-
metically sealed Ni-Cd cells for space applications. Electrochemical
characterization of control sealed cells as well as sealed cells for fac-
torial experiment for design optimization is completed. Performance data
as a function of cycle life for two separators; two concentrations and

two levels of pore fill are presented. Although the technical feasibility
of heat-sterilization of sealed Ni-Cd cells has been established, several

practical problems have been encountered in the statistical studies. One

of these is the lack of cell to cell uniforwizv. Another one is the gradual

decrease in the cell capacity on c¢ycliny = . - for cells that have not
gone through heat=-sterilization. The cause Zor this variation in the
capacity appears to be associated with the physical-mechanical properties
of the separator and not with the positive or negative plates. The cause
of the capacity degradation after sterilization also appears to be related

to the same factors. These factors are now being investigated.

Physico-chemical characterization of the positive and negative plates

before and after sterilization is underway.

X-ray diffraction of plates did not detect the formation of any new phases
during sterilization. The Ni(OH), in the positive plate became more
ordered or of larger particle size during sterilization; however, nearly
returned to its initial state upon continued cyt¢ling. The crystallite

size of the Cd(OH)2 was too large tc permit detection of any change.
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LNTRODUCTLON 1

nickel-cadmium battery development under Jet Propulsion Laboratory Contract
No. 951972, sponsored under NASA Contract NAS-7-100, Task Order No. RD=-25.
The object of this contract is to perform research and development work
leading to the design, development, fabrication and testing of sealed,

rechargeable, nickel-cadmium cells capable of heat-sterilization.

The heat sterilization requirements include testing at 135°C for- type
approval, and 125°C testing for flight acceptance. At the 135°C steri-
lization temperature, the heating rate is 19°C/hour. The chamber is cooled
at the same rate at which it was heated. Two such cycles are required.

For preliminary testing one 120-hour cycle may be used.

The specific tasks under this contract are divided into three broad cata-

gories: (1) electrochemistry involving statistical and other experiments

for characterizing and optimizing electrodes, electrolyte and separators
for heat-sterilizable Ni-Cd cell, (2) case design for hermetically sealed, (

heat-sterilizable cells, and (3) fabrication and evaluation of rectangular,

This is the fourth quarterly progress report on the heat-sterilizable
4 AH sealed cells before and after heat-sterilization. {

|
The work under task 2 on the case and seal design for hermetically sealed, {
heat-sterilizable cells has already been completed and reported in the
previous progress reports under this contract. The emphasis now is to y {
determine and correct the causes of the capacity degradation and increased
polarization of sterilized cells using both model control experiments as {

well as sealed, sterilizable Ni-Cd cells of the rectangular design. The

work performed during the fourth guarter is reported here.

4
metallurgical 1
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II Electrochemical Investigations

2.1l Behavior of Scaled Control Cells.

Electrochemical characterization of sealed, control cells made with

heat-sterilizable polypropylene separator type FT 2140 with warious

amounts of 30% KOH i1s continuing on automatic charge-discharge cycle 1
facilities. Table I gives typical data for capacity during discharge

for cells with Pellon FT 2140 type polypropylene separator for 16

thru 50 cycles. Similar data for cycles 1 thru 15 were reported

in the preceding progress report together with the cycle data for

sealed cells containing Pellon 14019 separator for up to 59 cycles.

It appears that electrolyte levels of 60 and 70% of the free pore
volume are too low as indicated by extremely low capacity and dis-
charge efficiency. The optimum electrolyte range appears to be i
between 70 and 90%. Since previous experience has shown that the
rate of oxygen diffusion from the positive to the negative plate : 1
and its recombination is a function of the electrolyte amount,
(pressure build up in general increasing exponentially with increase i J
in the electrolyte fill level), pore fills of 90% and above are

generally not desirable. Further work on the electrolyte optimi-
zation should therefore be limited to the range of 70 to 90% pore

£ill.

It should be noted that there is a gradual decrease in the delivered
capacity as a function of cycle number. This is one of the critical

problems that is being worked on now. Another problem that must

metallurgical
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TABLE__1

PERFORMANCE DATA FOR HEAT-STERILIZABLE, SEALED RECTANGULAR,
Ni~Cd CONTROL CELLS (UNSTERILIZED) WITH POLYPROPYLENE FT-2140

SEPARATOR ON CONTINUOUS CYCLING @ 22°C

% Charge Data Discharge

Cell | Pore |Cycle AH ECP AH
- No. | Fill | No. | Amp.| Hrs |Input} PSIA Amp . |Output
1 60 16 1.0 5 5,0 1¢.,7 2.0.] 3.100
2 60 15 1.C 5 .0 45,7 2.0 | 2.118
2 2 1C 1.2 = £,0 G3.0 2.0 | £.718
2 70 15 1.0 5 L0 59,7 7.0 | 3.766
5 R 1 1.0 5 5.0 62,7 2,0 | 4,152
6 50 16 1.0 5 5.0 61,7 2.0 | 4,100
7 -] 90 16 1.0 5 5,0 51,7 2.0 | 4,152
8 99 16 1.0 5 5.0 62,2 7.0 | 5.766
1 60 17 1.0 5 5.0 15.7 2.0 | 3.018
2 60 1/ 1.0 5 5.0 435.7 2.0 | 2.113
3 70 17 1.0 5 5.0 60.7 2.0 | 3.712
l 70 17 1.0 5 5.0 52.7 2.0 | 3.752
5 50. 1/ 1.0 5 5.0 53,7 2.0 | 4.134
6 30 17 1.0 5 5.0 59,7 2.0 | 4.100
7 90 17 1.0 5 5.0 46,7 2.0 | 4.118
3 90 17 1.0 5 5.0 61,7 2.0 | 3.752
< 1 60 18 0.400} 17 6.5 15.7 2.0 | 2.452
| 2 60 18 0.400] 17 6.0 28,2 2.0 | 1.766
3 7Q 18 0.400] 17 6.8 57.2 2.0 | 3.200
] L 70 13 0.400] 17 6.8 52,7 2.0 | 3.252
} 5 80 18 0.400} 17 6.8 73.7 2.0 | 3.818
! 6 80 18 10.400] 17 6.6 | 76.7 2.0 | 3.818
7 90 18 0.200] 17 6.8 50,2 2.0 ] 2.952
Y 8 90 18 0.400f 17 6.8 50,7 2.0 | 3.684
1 60 19 0.400] 17 6.0 15.7 2.0 | 2.565
v 2 60 19 0.400] 17 6.5 29.7 2.0 | 1.766
‘ 3 70 19 c.200] 17 | 6.8 60,7 2.0 | 3.152
ARE 19 0.400) 17 6.8 55,7 2.0 | 2.152
5 ] 8 19 0.402] .17 6.8 76.7 2.0 | 3.666
6 80 19 0.400] 17 6.5 60.7 2.0 | Z.618
7 99 19 0.400] 17 6.3 84,7 2.0 | 3.618
8 90 19 0.400] 17 6.8 51,7 2.0 | 2.718
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TABLE 1

PERFORMANCE DATA FOR HEAT-STERILIZABLE, SEALED RECTANGULAR,
Ni-Cd CONTROL CELLS (UNSTERILIZED) WITH POLYPROPYLENE FT-2140
SEPARATOR ON CONTINUOUS CYCLIVG @ 22°C

% | Charge Data Discharge

Cell | Pore |Cycle AH ECP Al
; ~ . | No. | Fill | No. | Amp.| Hrs |Input| PSIA Amp. |Output - ‘
- 1 |1 60 120 Jo.s00 17 | 6.8 15,7 2.0-] 2.052
2 | 60 | 20 |0.400] 17 6.8 - 28.7 2.0 | 1.452
l 3 | 70 | 20 | 0.4C0[ 17 6.8 1 60.7 2.0 | 2.984
‘ 4 | 70 |20 Jo0.400 17 | 6.8 ] 56.7 2.0 | 3.000
5 | 80 |20 Jo.kool 17 | 6.8 | 77.7 2.0 | 3.500
6 80 20 0.400] 17 6.8 57 .7 2.0 | 3.484
l 7 1 90 |20 Jo.%000 17 | 6.3 | 52.7 2.0 | 3.866
. 8 | 90 |20 Jo.400] 17 6.8 | 50.7 2.0 | 3.718
i 1T 160 125 10.600] 17 | 6.8 1 147 2.0 | 1.600
: 2 | 60 |25 |o0.400] 17 6.8 | 27.7 2.0 | 1.266
3 | 70 125 Jo.z00] 17 | 6.8 | 62.7 2.0 | 2.752
l Z | 70 125 |o0.400] 17 | 6.8 | 52.7 2.0 | 2.718
5 | 8a |25 lo0.400] 17 | 6.8 | 74.7 2.0 | 3.534
6 | 80 |25 0,400 17 | 6.8 | 5&.7 2.0 | 3.318
- 7 | 90 |25 |o.z00] 17 6.8 | 50.7 2.0 | 3.752
‘ 8 | 90 |25 10.400] 17 | 6.8 | 45.7 2.0 | 3.752
1 [ 60 |30 Jo.400] 17 .| 6.8 15.7 2.0 | 1.266
l 2 1 60 130 lo.z00] 17 1 6.8 | 27.2 2.0 | 1.218
~ 3 | 70 130 Jo0.400] 17 | 6.8 | 67.7 2.0 | 2.652
Z | 70 |30 [o0.400] 17 | 6.8 | 61.7 2.0 | 2.852
o 5 | 80 |30 |0.400] 17 6.8 | 73.7 2.0 | 3.634
l 6 | 80 |30 Jo.z00] i7 | 6.8 | 51.7 2.0 | 3.352
7 |90 |30 [lo.400] 17 | 6.8 | 48.7 2.0 | 3.584
I 8 1 90 J30 lo0.400] 17 | 6.8 | &41.2 2.0 ] 3.700
!
1 1 60 ]25 Jo0.z00] 17 | 6.8 15.7 2.0 | 1.118 1
2 | 60. |35 Jo.zool 17 | 6.8 | 26.7 2.0 | 1.118
l 3 | 70 135 Jo.400! 17 1 6.8 | 68.7 2.0 | 2.652 : 1
4 | 70 |35 lo.zo00l 17 | 6.8 | 23.7 2.0 | 2.684
5 | 80 |35  10.400] 17 | 6.8 | 74.7 2.0 | 3.566 (¥
6 | 80 135 lo.400l 17 | 6.8 | 4&.7 2.0 | 3.300
l 7 | 90 135 |0.400] 17 | 6.8 | 45.7 2.0 | 3.700 .
5 | o0 135  l0.%400] 17 | 6.8 | 25.7 2.0 | 3.78% ‘ |
l i
| -
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PERFORMANCE DATA FOR HEAT-STERILIZABLE, SEALED RECTANGULAR,

Ni-Cd CONTROL CELLS (UNSTERILIZED) WITH POLYPROPYLENE FT-2140

SEPARATOR ON CONTINUQUS CYCLING @ 22°C

VA Charpge Data Discharge
Cell | Pore |[Cycle AH ECP AH |

No., | Fill | No. Amp.| Hrs |Input| PSIA Amp, | OQutput -
t leo j40 Jo0.400] 17 | 6.C 15,7 2.0 .] 1,084
2 60 4.0 0.400| 17 6.3 25.7 2.0 1.100
3 70 40 0.400} 17 6.0 67.7 2,0 | 2.513
4 70 40 0.400} 17 6.0 - 2.0 -
5 80 40 0.400}) 17 6.8 74.7 2.0 | 3.384
6 S 40 0.400} 17 6.3 57.2 2,0 | 3.352
7 90 40 0.400} 17 6.3 &4.7 2.0 | 32.58¢4
& 90 40 0.400] 17 6.8 31.7 2,0 3.734
1 60 45 0.400] 17 6.8 14.7 2.0 |1 0.866
2 60 45 0.400| 17 6.3 25.7 2.0 0.884
3 70 45 0.400] 17 6.8 66,7 2.0 12.252
4 70 45 0.400| 17 6.8 - 2.0 -
5 80. 45 0.400}§ 17 6.8 74,7 2.0 2,134
6 80 45 0.400} 17 6.8 53.7 2.0 | 3.234
7. 90 45 0.4001{ 17 6.8 44,7 2.0 .] 3.300
8 90 45 0.400{ 17 6.5 20,7 2.0 3.752
1 60 50 0.400] 17 . 6.0 15.7 2.0 1.152
2 60 50 0,400 17 6.0 24,7 2.0 11,300
3 70 50 0.400} 17 6.8 65.7 2.0 2.218
4 70 50 0.400} 17 6.8 - 2.0 -
5 30 50 0.400] 17 6.8 €69.7 2.0 3,034
6 80 SC 0.4001 17 6.8 71.7 2.0 | 3.066
7 90 50 0.400] 17 6.8 41.7 2.0 ] 3.218
8 90 50 0.400} 17 6.8 24,7 2.0 >.752




RESEARCH AND DEVELOPMENT DEPARTMENT

be solved before undertaking an extensive statistical design experi-
ment is to control the uniformity of cells which at present is not
satisfactory. However, because of the effectiveness of factorial

or fractional factorial design experiments in the optimization of
the cell design parameters work is continuing in a parallel effort

on the factorial design experiments.

Factorial Design Experiments: Electrochemical characterization of

heat-sterilizable, sealed, Ni-Cd cells designed for statistical
experiments has been completed during this quarter. The factors
selected for this initial design are given in Table II. Typical
capacity versus cycle data are given in Table III and in summarized
form for typical cells in Figures 1 to 8. Again, there is some
variation in the delivered capacity as a function of cycle number
and this aspect is being investigated now. These cells will be
subjected to heat sterilization at 135°C for 64 hours. On comple-
tion of the sterilization routine, these cells will be characterized
again, both electrochemically and physically, using x-ray, electron-

microscopy and other tools as necessary.

An analysis of data in Table III reveal the following:

1. There is still considerable variation from cell to cell among
apparantly identical cells under identical test conditions. The
causes for this variation are not at present known and a pregram
to systematically determine and eliminate the causes responsible

for this variation.
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Table II i

Ni-Cd RECTANGULAR CELLS FACTORIAL DESIGN EXPERIMENT
WITH 8 POSITIVE AND 9 NEGATIVE PLATES

Designation Factors Factor Levels
Low (0) High(l)
A Nature of Separator,
Type Polypropylene #14019 #FT2140
B Concentration of KOH, % by weight 30% 34%
C Amount of Electrolyte (% Pore Fill) 70% 80%
D Heat Treatment Unsterilized Sterilized |
L
metallurgical
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1
o RESEARCH AND DEVELOPMENT ™™ ™ARTMENT .‘

[
\. 2, There is a gradual decrease in the capacity from cycle to cycle. 1

There are indication. that this may be due to a lack of control over

the mechanical properties, particularly core compression of the pack.

This aspect is being investigated more thoroughly.

3. The capacity of the cells with 60% to 70% pore fill is too low

and higher than 70% pore f£ill is indicated for satisfactory capacity.

4. kFrxom an electrochemical point of view, the polypropylene separator
14019 appears to be slightly better although its mechanical properties
are not as good as FT 2140 brand. Work will continue with both the
separators until there is clear evidence to reject one or the other

on continued testing.

The capacity data as a function of cycle number are plotted in Figures

1l to 8 for convenience in observing trends with cycle number.

Physico-Chemical Characterization of Plates: X-ray diffraction and

scanning electron microscopic studies of the positive and negative
plates at various stages of sterilization and cycling were continued,
Considerable time was devoted to an understanding auc interpretation |

of x-ray diffraction data.

Eight samples of fully discharged positive and negative plate materials 4
representing (1) as received (2) cycled (3 discharge-charge cycles) (3)
sterilized and (4) cycled after sterilization were washed free of KOH

dried at 100'C and stored in a vacuum desiccator. X-ray diffraction

metallurgical 1
-38- materials division
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RESEARCH AND DEVELOFPMENT DEPARTMENT

patterns were made of the surface of esach sample under the conditions
stated in Table IV. The patterns as well ag the pattern of a sample
of plague material (without any active material) are shown in Figures

9—17 L]

Data from these figures and from Table V p. 37 of the 2Q Progress
Report were compared with data from the ASTM "Powder Diffraction
File", Table V lists principle lines for the specific compounds

sought.

Positive Plates: An examination of the patterns for the positive
plates shows the presence of Ni(OH)2 and Ni metal. The significant
intensity of the Ni peakse (1/3 to 1/2 of those of the Ni plaque.)

implies either a relatively thin layer of Ni(OH)2 or exposed Ni plaque.

All Ni(CH), lines show broadening implying either small crystallite
size or disorder. The presence of the relatively sharp 100 line can
be interpreted in two ways. Either the compound existeg as relatively
thin plates whose base is the 001 plane or in layers in which the

spacing in the C direction varies.

An examination of the positive plates after different treatments
shows that the Ni(OH)2 lines are sharpest il.e. most ordered or
largest size, for the sterilized sample. Cycling after steriliza-
tion again broadens the lines returning the material almost to its

presterilized condition.

_Negative Plates: The lines of patterns from the negative plates

metallurgical
materials division




TABLE IV

X~Ray Diffraction
Instrumental Conditions

Cu Tube

Radiation CuKog
45KV 35ma full wave
rectified with focusging
monochromator at detector
Goniometer | Norelco verticle Take off angle 3°
Y 1
SS 4°
Detector Norelco transistorizédW77850 vbité
Scintillation with PliA
3.00 window
Data 76°/in Scan l°/min
Chart 10in/hour

log output

+,25 offset

-48-
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TABLE V

Principle Lines from ASTM Standards
for CuKal Radiation

~49 -

Compound Card No °20 I/Iy
Cad 38,45 100
5«0674 31,86 65

34,77 32
47.85 32
cdo 33.03 100
5-0640 38.32 88
55,30 43
63,81 28
Cd(CO)3 30,27 100
8-456 23,51 60
46,49 35
43,78 25
Ni 44,45 100
4~0854 51,84 42
76.34 21
NiO 43,30 100
4~0835 37.30 91
62,90 57
Ni(OH), 19,27 100
14=-117 38,57 10
33.09 45
52,14 35
Gd( OH) 18.86 | 10
1-0305 29,55 63
35,02 100
Cd( OH), 18,88 70
13-226 29,48 65
35.19 100
BNiOOH 18.38 100
6=0141 37.30 80
66,77 80
' NiOOH 12,81 | 100
6-0075 25,96 80
37.93 80
43,25 80
metallﬁrgical

materials division




TABLE VI

X-Ray Diffraction Lines of Cd(OH),
for CuKo¢Radiation

. I/Ty hkl °28
Card No, 1-0305
100 001 18,86
63 100 29,55
100 101, 35,02
40 102 48,93
30 110 52,55
30 111 56,40
13 200 61,34
20 201 64,53
20 112 66,60
15 202 74,68
Card No, 13-226
70 001 18.88
65 100 29,48
100 101 35,19
7 002 38,47
35 102 49,05
20 110 52,34
6 200 61.2h
8 201 64,68
8d 103 .
112 66,93
6 202 74,47
As Received Sample
59 18.8
54 29,2
100 35.0
10 38,1
37 48,6
22 52,1
20 55.9
6 60,9
12 64.3
3 66,47
6 67.0
6 74,5
50 metallurgical

|
materials divi<ion | g




MEE N e e e

RESEARCH AND DEVELOPMENT DEPARTMENT

(Figures 14-17) show little evidence of broadening. The identifi-
cation of compounds from these patterns is more complex. There is
disagreement as to the accepted patterns, the residual spectra due
to compounds other than Cd(OH)z are obtained, These are tabulated
in Table VII - with their most probable origin. The variable, low
intensity of the Ni lines shows that the nickel substrate is thickly
covered with Cd(OH)5. The scanning electron microscopy pictures in
figures 18 and 19 show that sterilization results in increased

crystal size in the cadmium electrode.

Traces of Cd are found in all samples except those immediately after
sterilization and CdO0 is found in both of the sterilized samples and

in one of the samples as received.

Further data are being obtained to better unlerstand the physico-
chemical changes occuring during heat sterilization of sealed Ni-Cd

cells.,

metallurgical
materials division
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TABLE VII

X-Ray Diffraction Data (Neg, Plate)
Peaks other than Cd(OH)9

As Received Cycled Sterilized Sterilized ]| Assign-
°26 |c/sce | "28 |c/see | 26 |c/sec | and Cycled ment
I I I %26 lc/sccl
31.9 6 31.9 4 mome | o=ee= ) 31,91 5 Cd
32,9 3 mee= | ===} 33,1 4 e | Cdo
memm= | ===~ 1 39,2 4 22,9 3 mmm | m———
mmme | omme= V44,5 9 4b, 6 3 memem |- Ni
48,0 2 mumm | ommme | mmes ) e ) 48,0 3 Cd
mw== | ===« 51,8 1 mume | e f e | e Ni
58,9 | 10 58,8 | 10 58.9 | 13 58,9 | 8
62,2 2 62,4 3 62,7 3 62,5 | 5
el BCLLEN SEELEE it BLLEE N LT S P B
From TABLE V 2nd Quarterly Report
31°§#k7 8 <ﬁ==§i.é**—55 :TT:- o= 1 31,8 | 8 Cd |
memem | mmes ] eeee | -e== | 33,0 5 mem | me——— Cdo
meme | meee § 34,7 | 317 s BN BCLLLE SELE L Cd
44,5 2 44,5 2 bl b 9 44,5 | 6 Ni
47.9 6 47.8 | 19 mmme | m=e= § 47,8 | 6 Cd
59.0 5 mm== | =~== | 58,8 6 58.7 | 7
62,4 6 62,4 | 19 momm | === ¥ 62,4 | 8
71.8 5 71,7 | 18 mwmm | === Q71,7 | 7
metallurgical
-59.- materials division
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