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INTRODUCTION

The nickel-zinc battery éystem offers potentiél advantages
for electric vehicles and other applications. This program was
directed at the construction and limited testing of 100 to 300
ampere—hour nickel-zinc cells. The program was divided into

the following tasks:

Task I - 3 experimental 100 ampere-—hour cells
TASK IT &4 - 6 experimental 300 ampere-hour cells
B - 4 second generation experimental 300
ampere-hour cells
TASK IiIX —- Test and evaluation of the above cells
TASK IV - PFabrication of 7,300 ampere-hour cells
for delivery for NASA
TASK V - Reports
TASK VI - Fabrication and delivery of 135, 300

ampere-hour cells

211 the cells were constructed with Government furnished
inorganic separator material, and sintered nickel positive
electrodes. The cells constructed for Task II B and Task VI
utilize a Government fuxnished injection molded cell case and
cover. The cell design and fabrication procedure for the zinc
negative electrodes utilized in all the cells was specified

in the contract.

Page No. 1
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TASK I ~- Fabrication of 3 experimental 100 ampere-hour

nickel~ziﬁc cells )

The 100 ampere-hour cells were constructed in accordance
with the specification listed in Table I. The cell containers
were fabricated from 3/8" thick polysulfone plastic., The
negative electrodes were prepared according to the NASA faibri-
cation procedure, attached is Appendix A, The separator bags
for the negative electrode which utilize the inorganic separator
were prepared by epoxy bonding; an ABS plastic frame to two
layers of the sepatator material as shown in Figure 1. This
technique was utilized for all the cells constructed in the
program. The ABS frame thickness was selected to be equal to
the nickel oxr zinc electrodes thicknesg and its absorbent
separator layer.

The three 100Ahr cells were filled each with 500 cc
of 31, 33 and 35% KOH containing 1% LiOH and then placed in
an oven at 150°F. for 16 hours to complete the wetting cycle.
After an additicmnal 48 hours of soaking they were charged at
5.3A for 24 hours. They were then dascharged at 120A, to 1.50
volts followed by draining at 10A to 1.50 velts. The charge
rate was kept at 5.3A for 24 hours or to a voltage cut-off
of 1.92 volts. ©No cell reached this cut-off during charge.

Table II summarizes the results.

Page No, 2
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TABLE I

100AH Cell Specifications

Cell Dimensions 100 Amp. Hr.
Overall Height 13.0 in.

. Case Height 12.25 in.
Case Width 7.0 in.
Case Depth 1.062 in.

No. of Electrodes 5 Pos/4 Neg

Electrode Sizes

Inside Posgitive 5.875 % 9.62 x 0.070 an.
Qutside Positive 5.875 % 9.62 x 0.035 in.
Negative 6.125 x 9.87 x 0.067 in.

Negative Electrode Material 113-115 grams

Note =~ Negative electrode thickness dependent
upon absorber mat thickness.

Separator Bag Size 6.50 x 10.25 in.

Absorbexr Materials on Positive 2530 Polypropylene .012" thick

Absorber Material on Negative

ERC prepared KT (potasium titanate sheet) .010 in thick

Page MNo. 3
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TABLE II

100Aahr Results

Cell No. Elec. Conc. Capacities - Ahr
¥%120A/%10A 60a/*%10A 30a/*10A
100 ~ 1 31% 60.3/108 80/109 110/110
L
100 - 2 33% 60.3/109 90/111 110/115
100 - 3 35% 60.3/108 90/113 110/117

*Represents the sum of the two capacities

**Discharge carried ocut to 1.40 volts

Page No. 5
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Based on the results obtained during the initial tests,
these cells were subjected to a pulse discharge cycle regime.

Aftexr 4 pulse cycles were completed, the cells developed
shorts and the testing was discontinued.

Dissection of the cells showed that zinc had penetxated
through the bottom portion of the sealed inorganic separator
bag. Evidence of zinc shorting could also be seen at the
edges of the bag seal as well. Some evidence of positive plate
wrapping was also seen,

The cause of the shorting in the 100Ahr cells was traced
to use of inorganic separator materials from the beginning of
the separator roll which had only been coated once. The

normal material is prepared with a double dip coating.

TASK II A - Construction of 6, 300 ampere-hour cells

The six experimental 300 ampere-hour cells were constructed
using 3/8" thick polysulfone fabricated cell cases as shown in
Figure 2. The cell design is shown in Table III. Figure 3
shows the positive electrode utilized. The first 300 ampere-
hour cell was subjected to testing and dissection before the
balance of the cells were completed. The cell contained non-
woven polypropylene as the separator material on the positive
electrodes. Dissection of this cell revealed that the positive
electrode tended to dish placing a compressive load on the
separator edges. To overcome this all subsequent cells of
the program contained positive electrode that had the screen

side inward to reverse the bow,
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TABLE III

300AH Cell Specifications

Cell Dimensions 300 Amp. Hr.
Overall Height 13.0 in.
Case Height 12.25 in.
Case Width 7.0 an.
Case Depth 2.812 in.
No., of Electrodes 14 Pos/1l3 Neyg.

Electrode Sizes

Inside Positive 5.875 x 9.62 x 0.070 in.
Outside Positive 5.875 x 9.62 x 0.035 in.
Negative 6.125 x 9.87 x 0.067 in.

Negative Electrode Material 113-115 grams

Separator Bag Size 6.50 x 10.25 in. S

Absorber Materials on Positive

2530 Polypropylene 2 x .006 (Cells -~ 1 - 4)
Fuel Cell Asbestos 0.010 in. thick (Cell 5 & 6)
*As manufactured by the Pellon Corporation.

Absorber Material on Negative

ERC KT .010 in thick

Page No. 8
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This was accomplished by removing the tabs on half the
positive electrodes and placing new tabs on the opposite
corner. To place the new tabs it was necessary to grind off
the nickel sintered active material to spot weld the tabs
directly to the screen.

A further observation made on the first cells was the
inorganic separator material tended to delaminate from the
frame in the layers of the asbestos. To overcome this all
subsequent cells contained an ABS frame around the positive
electrode to provide some compression on the edge seal of
the inorganic separator material. Cells 2, 3, and 4 contained
two layers of 6 mil polypropylene wrapped around a positive
electrode with the ABS frame. Cells 5 -and 6 contained untreated
asbestos absorber around the positive electrodes which was
epoxy bonded to an ABS frame of equal thickness to the positive

electrode.

TASK III - Testing and evaluation of the 6 experimental
300Ahr Cells
Table IV shows the test procedure used to test the
cells.
The first 300Ahr nickel-zinc cell was filled with 1500 cc
of 31% KOH + 1% LiOH and allowed to soak for 72 hours including

16 hours at 150°F prior to placing the cell on charge.

Page No. 10



ENERGY RESEARCH CORPORATION

TABLE IV

TEST PROCEDURES

Cell Formation Procedures

The cells shall be formed and tested as detailed hereain.

Formation Cycle No. 1 - Charge the cells at 16 amperes to 1.91-

1.92 volts oxr for 24 hours whichever occurs first. Discharge
the cells at 135 amperes (l.5ma/sg. cm) to 150 volts, then at

30 amperes to 1.50 volts.

Formation Cycle No. 2 - Same as Formation Cycle No. 1.
;é

Performance-~Characterization Test

Following the second formation discharge, the cells shall be
charged at 16 amperes to 1.92 volts or for 24 hours whichever
occurs first. The cells shall then be discharged at 360
(410ma/sq.cm), 180 (20ma/sg.cm), and 90 (lOwa/sg.cm) amperes to
1.50 volts, followed by draining at 30 amperes to 1.50 volts
after each test. Cells shall be charged at 16 amperes to 1.92
volts between discharges. The discharge voltage shall be con-
tinuously recorded as a function of time at the constant current

drain rates.

Cycle Laife Testing

The 300-ampere-hour cells shall be cycled continuously on the

regime outlined below:
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TABLE IV
{continued)

Charge Schedule:

The cells shall be charged at 20 amps until the cell voltage

reads 1.92 volts. By means of a manual timer on the cycling

equipment, the Contractor shall charge the cell so that on each
cycle the input shall be approximately 105% of the output of the

previous cyvcle.

Discharge Schedule:

(a) Discharge at 30 amps for 1 second
(b) bischarge at 200 amps for 4 seconds
{(c) Stand on open circuit for 7 seconds

Items (a) through {(c¢) together shall constitute one discharge

pulse. The discharge pulses shall be repeated until the load

voltage of any cell falls to 1.5 volts.
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The cell was charged at 16A for 24 hours and then dis-
charged at 1353, 360A, 180A and 90A to 1.50 volts on each of 4
deep discharge cycled followed by draining at 30A to 1.50 volts
after each cycle.

Table V shows the results of these discharges.

Following the deep discharges, the cell was placed on a
pulse cycle regime. The resulits are shown' in Table VI.

At cycle 6, the low voltage cut-off was lowered to 1.4C
volts. After 3 discharge pulse cycles the cell was reaching the
high voltage cut-off on charge at 1.92 volts. A2after 20 cycles,
the ECV cut-off was raised to 2.00 volts.

Cell No. 1 failed after 43 pulse cycles and testing was dis-
continued. Capacity began dropping after 33 cycles and at cycle
43 capacity had fallen to 91.5Ahr. At cycle 43, the charge volt-
age rose to only 1.82V and after 24 hours of stand the voltage
dropped to 0.1V. The cell had developed internal shorts.

Cells 2 -~ 6 were filled with 1550 cc of 31% KOH heat treated
and placed on test. Cell #2 was initially placed on the pulse
cycle test. iable VII shows the discharge results of this cell.
The end of charge voltage declined after cvcle 20 indicating a
short. The testing was terminated after cycle 26. Cell 3-6
were initially discharged at 135 and 90 amps as shown in Table
VIII - XTI and then placed on cycle test.

Cell #3 shorted after 9 cycles and was dissected. The

data is presented in Table XII.
Cell #3 was placed on charge stand after cycling for three

days after which time the open circuit voltage dropped to 1.78 volts
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TABLE V

TEST RESULTS OF CELL #1

(AH)

Time {(min) 5 30 60 110 120 150 190 215 240 , 250
Volts (135 Amp) 1.625 1.575 1.55 1.50

( 30 Amp) 1.63 1.624  1.60 1.58 1.56 1.50 (278.5)
Time (min) 2 5 10 15 20 60 180 300 420 450
Volts (360 Amp) 1.47 1.45 1.42 i.40

( 30 Amp) 1.62 1.68 1.66 1.63 1.57 1.50 (336)
Time (min) 5 10 20 55 65 90 120 180 240 300 370
Volts (180 Bmp) 1.60 1.56 1.54 1.52 1.50

{ 20 Amp) 1.66 1.66 1.64 1.63 1.60 1.50 {357)
Taime (min) 5 60 120 180 205 240 265
Volts ( 90 Amp) 1.69 1.62 1.60 1.54 1.50

{ 30 Aamp) 1.55 1.50 (338)

NOILYHOdHOD HJHY3S3IH A9HINI
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TABLE VI
Ni-Zn 300ah Cell No. 1 30a for 1l sec. 0.231ah/pulse
2007 for 4 sec. {to 1.500V)}
Pulse Discharge open for 7 sec.

No. CAPACITY

CYCLE NO. CHARGE ECV PULSE Ah
1 16A for 24 hrs 1.885 945 218
2 16A for 16 hrs 1.900 1359 314
3 16A for 22 1/4 1.920 1349 311
4 16A for 20 1/2 1.920 1306 303
5 16A for 20 3/4 1.920 1232 284
6 16a for 18 1/4 1.920 1527 354 Low limit i1s changed to
1.400v
7 16A for 21 3/4 1.920 1214 280  1.495V stop discharging
manually
8 16A for 18 1.920 13%0 322
9 16A for 21 1/2 1.920 1367 316
10 16A for 21 1/4 1.920 1357 313
1i l6a for 21 1,920 1332 308
12 lea for 20 1/2 1.920 1355 313
13 16A for 21 1/4 l.920 1375 318
14 16A for 19 1.920 1335 308 input 304Ah
15 16A for 19 1.%820 1313 303
16 16a for 19 1.920 1334 308
17 16A for 18 1/2 1.920 1272 294 input 286ah
18 16A for 17 1.920 1156 267 input 272ah
19 16A for 17 1.920 1212 279
20 168 for 24 1.840 1360 314 High limit 1s changed to
| 2.000V input 3832ah
21 I16A for 24 1.%60 1371 316
22 l6A for 20 1/4 i.970 1278 295
23 l6a for 18 2,003 1249 289 input 288A7h
24 16A for 18 2.003 1228 2g4
25 16A for 17 1/6  2.003 1206 278  ainput 274Ah
26 16A for 16 3/4 2.000 1137 262  input 2682h
27 16a for 16 1/2 2,00 ' 1113 257  input 264Ah

Page No. 1D
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TABLE VI
{Continued}

No. CAPACITY

CYCLT NO. CHARGE ECV . PULSE Ah
28 16A for 15 5/6 2,00 1096 253 255ah input
29 16a for 15 1/4 2.00 1075 248 2443h input 30A fully
. . discharge to 0.5V 75ah
i Total 323ah
30 169:f0r 20 1/2  2.00 1103 255  328Aah input
31 i6a for 15 1/2  2.00 1083 250
32 - 16a for 15 2.00 1045 242
33 16a for 15 2.00 686 158 Cell No. 2 Start
34 16a for 15 2.00 771 178
35 l1eA for 15 2.00 890 205.
36 l6a.for 15 2.00 716 i65
37 i6afor 15 2.00 743 171
38 leA for 15 2.60 716 165 l
39 16 for 15 2.00 798 184
40 16A for 15 2.00 637 147
41 16A for 17 2.00 500 115
42 16Afor 17 2.00 326 75.4
43 léanfor 24 1.820 395 .91.5
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NICKEL~ZINC 300Ahr CLLL NO.

TABLL VII

Pulse Dascharge

NO. CAPACITY END OF DISCHARGE

CYCLE HO. CHARGE LCcv PULSE Ahr VOLTAGE 1.4V

1 len for 12 hrs. 686 158

2 16A for 12 hrs. 771 178

3 16A for 12 hrs. 890 205

4 16A for 12 hrs. 716 165

5 16a for 12 hrs. 743 171

6 16A for 17 hrs. 716 165

7 16A for 17 hrs. 798 184

8 16a for 17 hrs. 637 147

9 16A for 17 hrs. 500 115

10 16A for 17 hrs. 326 75.4

11 16A £6¥"24 hrs. 395 91.5

12 16A for 18 hrs. 714 164

13 ieA~for-12 hrs, 2,60 840 194

14 16A for 11 1/4 2.00 777 179

15 i6a for 16 hrs. 2.016 1029 238 valve open

i6 16A for 16 hrs. 2.015 869 201

17 16a for 15 1/2 2.018 796 184

i8 16a for 15 1/2 2.01 938 217

19 lea for 15 1/2 2.01 859 199 valve closed

20 16A for 16 hrs. 2.02 867 200

21 16A for 16 hrs. 1.94 578 134

22 16A for 16 hrs. 1.90 909 210

23 16A for 16 hrs. 1.91 781 180

24 loa for 11 1/6 2.00 544 126 Check Shorting

25 16A for 7 1/2 2.00 500 116

26 lea for 7 hrs. 2,00 448 103
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TABLE VIIIX

TEST RESULTS OF CELL #3

(A1)
Time (min) 10 20 40 60 63 20 120 1e0 195
Volts (135 Amp) 1.56 1.54 1.53 1.51 1.50
30 Amp) 1.63 1.5% 1.53 1.50 {232.5)

Time (min) 30 &0 20 120 180 200 230 270 320 350
Volts ( 90 Amp) 1.56 1.58 1.58 1.56 1.54 1.50

{ 30 Amp) 1.54 1.57 1.50 1.50 {375)
Time (min) 30 60 °0 120 150 180 210 225
Volts ( S0 Amp)} 1.60 1.60 1.57 1.54 1.50

{( 30 Amp) 1.59 1.58 1.50 (260)




TABLE IX

TEST RESULTS OF CELL #4

Time (Min) 10 20 40 50 60 63 20 180 240 300
Volts (135 Amp) 1.56 1.54 1.52 1.52 1.51 1.50
{ 30 Amp) 1.63 1.60 155 1.50 (245)
Time (Min) 30 60 90 120 180 200 230 290 320 350
_UVolts { 90 Amp) 1.60 1.58 1.57 1.56 1.54 1.50
o
Grg ( 30 Amps) 1.58 1.56 155 1.50 {375)
prd
0
&
Time {Min) 30 60 20 105 120 150 180 195 200
Volts ( 90 Amp) 1.60 1.60 1.57 1.54 1.52 1.50
( 30 Amp) 1.59 1.56 150 (260)

MNOILYHO4HOD HOHYIS3Y A9HINT



TABLE X

TEST RESULTS OF CELL #5

Time {min) 40 50 60 82 140 290 380 425 A
Volts (135 Amps) 1.53 1.53 1.5z 1.50
{ 30 2mps) 1.60 1.58 L.50 {3%6)
TIME (Min) 200 290 305 360 420 440
£Volts { 20 Amps) 1.50
; { 30 Amps) 1.62 1l.62 1.60 1.53 1. {400)
o
B
Tame (Min) 120 135 180 240 250
Volts ( 90 Amps) 1.52 1.50
{( 30 Amps) 1.61 1.54 1.50 (242)
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TABLE XI

TEST RESULTS OF CELL #6

Time (min) 30 45 65 80 135 180 340 370 470 e
Volts (135 Amp) 1,52 1.52 1.51 1.50
{ 30 Amp) 1.65 1.64 1.60 1.58 1.50  (375)
Time (min) 30 60 90 120 180" 200 230 260
Volts ( 90 Amps) 1.59 1.58 1.57 1.56 1.54 1.50
1.58 1.5 (360)

{ 30 Amps

NOLLYHOdHOD HOUYISIE ADHIAND
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T}‘\ B Lr‘:

NICKEL-ZINC 300

XIT

Ahr CELL NO. 3

No. Capacyity End of Discharge
Cycle No. Chargea ECV Pulse Ahr Voltage 1,4V

1 16A for 19 nrs. 1.935 1090 252

2 16A for 20 1/2 2,02 962 222

3 162 for 18 hrs. 2.00 812 187

4 . l16A for 15 1/2 2.00 155 175 Valve Closed

5 16A for 16 hrs. 1.95 9212 211

6 16A for 16 hrs. 1.90 -shorted- OCV 1,800V
3 days standing to
1.78 volts

7 ng for 16 hrs. 1.88 909 210

8 _ 16A for 16 hrs. 1.90 971 224

9 162 for 14 hrs, 2.0 109 25 Check shorting

Page No. 22
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When current was applied, the cell voltage dropped to 1.40
volts. 2Zinc penetration could be seen in many areas over the sep-
arator face, bu§ was most prominent along the bottom portion of
the separator. 2Zinc was also seen growing through the epoxy
sealed separator frames along the edges. Considerable zinc erosion
was noted along the toﬁ portions of the negative plate and shape
change was estimated at about 25% which is high consideraing the
short cycle life.

Cycle testing was terminated on Cell #4 after the capacity
decayed below 150Ahr as shown in Table XIII. Disection of this
cell also showed zinc shape change and zinc penetration through
the separator.

Cells #5 & 6 with the asbestos on the positive electrode
exhibited better performance and were cycled 39 times. A gradual

capacity decay was observed as shown in Tables XIV and XV.

TASK IV - Fabrication of 7, 300Ahr Cells for Delivery to

NASA

Seven cells were fabricated for delivery to NASA-LEWIS in
polysulfone fabricated cases with asbestos absorbers on the pos-
itives. Additional epoxy was placed along the edges of the sep-
arator frame to prevent zinc growth along the seal area. The

cells were f£illed with 1550 cc of 31% KOH.
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TABLE XIIIXT

NICKEL-2ZINC 300Ahr CELL NO. 4

No. Capacity End of Discharge

Cycle No. Charge LCv Pulse Ahx Voltage 1.4V
1 16A for 19 hrs. 1.920 1033 238
2 16A for 18 1/2 2.0} 1131 261
3 16A for 18 hxs. 2.00 1013 233

4 16a for 15 1/2 2.00 817 189 Valve closed
5 16a for 16 hxs. 2.00 1152 266
6 16A for 16 hrs.  2.00 780 180
7 16a for 16 hrs. 2.00 1187 274
8 165 for 16 hrs. 2.01 971 . 224
9 16A for 14 hrs. 2.01 769 178
10 ‘ 16A for 14 1/2 2.00 755 174
11 16a for 15 2/3 2.00 688 159
12 16 for 10 hrs. 2.00 641 148
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NICKEL-ZINC 300Ahr CLOLL NO. 5

TABLL XIV

No. Capacaty End of Discharge
Cycle No. Charge ECV Pulse Ahr Voltage 1.4V

1 16A for 19 hrs. 1.93 1090 252

2 162 for 24 hxs. 1.96 1518 351

3 16A for 20 hrs. 1.92 1413 326 '

4 16a for 19 hrs, 1.90 1324 306 Valve Closed
5 16a for 19 hrs. 1.92 1339 310

6 16A for 19 hrs. 1.95 1222 282

7 16a for 16 hrs, 1.89 1200 277

8 ;lGA for 16 hrs. 1.90 1105 255

9 16A for 19 hrs. 1.94 1286 297
10 16A for 17 1/2 1.98 1105 255

11 16A for 15 1/4 2.00 1200 277

12 16A for 11 hrs. 1.90 743 172

13 16A for 17 hrs. 2,00 1131 261

14 f16A for 16 hrs. 2.00 1129 261

15 163 for 16 hrs. 2.00 1157 267 —

16 16 for 18 3/4 2.00 1218 281

17 16A for 17 1/4 2.00 1156 267

18 ‘16A for 16 3/4 2.00 1108 255

19 16 for 15 1/2 2.00 1088 251

20 16A for 15 hrs. 2.00 991 229

21 162 for 14 hrs. 2.00 1019 235

22 16A for 14 3/4 2.00 1015 234

23 10A for 18 hrs. 1.95 831 192 accident at Power Supp.
24 16A for 16 hrs. 2.00 1008 233

25 16A for 15 hrs. 2.00 968 224

26 163 for 13 1/2 2.00

27
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TABLE XIV
(continued)
No, Capacity End of Daischarge
Cycle MNo. Charge ECV Pulse Ahr Voltage 1.4V
28 16a for 15 1/2 - 2.01 896 229.6
29 . 16a for 15 1/2 2.10 816 188.5
2004
30 16a for 11 2.00 H 232.8 132'822 *232.8
320A
3 16A for 11 hrs. 2.00 666 153.8
32 lea for 10 1/2 2.10 530 122.4
33 16A for 10 1/4 2.10 516 119.2
34 16 for 8 hrs. 2.10 631 145.76
35 leA for 9 1/2 2.10 522 120.58
36 16A for 8 hrs, 2.10 492 113.7
37 ik foxr B 1/4 2.10 448 103.48
38 lea for 16 hrs. 508 117.3 shorted wvoltage didn't

—_get 2.00V, on charge
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TABLE XV

NICKEL~ZINC 300Ahr CELL NO. 6

No. Capacrty End of Discharge
Cycle No. Charge ECV Pulse Ahx Voltage 1.4V
1 16A for 19 hrs. 1.91 1271 294
2 16h for 24 hrs. 1.92 158l 351
3 16A for 20 hrs, 1.92 1413 326
4 16 for 19 hrs. 1.89 1324 306 Valve closed
5 16A& for 19 hrs. 1.90 1339 310
6 16A for 19 hrs. 1.91 1222 282
7 16A for 16 hrs, 1.89 1200 277
8 l6A for 16 hrs. 1.89 1105 255
9 l6a for 19 hxs. 1.94 1286 297
10 16A for 17 1/2 1.93 1105 255
1l 16A for 15 2/3 1.94 1200 277
12 16A for 11 hrs. 1.90 743 172
13 16A for 17 hrs. 1.95 1131 261
14 16A for 16 hrs. 1.95 1109 256
15 16A foxr 20 hrs. 2.00 1341 309 L
16 16A for 18 3/4 1.98 1250 289
17 168 for 17 1/4 1.97 1156 267
18 16A for 17 3/4 1.98 1105 2535
19 16A for 15 1/2 1.96 1088 251
20 16A for 15 hrs. 1.96 991 229
21 16A for 16 hrs. 2.00 1019 235
22 16A for 15 hrs. 2.00 1180 273
23 10a for 18 hrs. 1.95 831 192 Accident at Power Supp.
24 l6a for 16 hrs, 2.00 1008 233
25 16A for 15 hrs. 2.00 968 224
26 16a for 13 1/2 2.00
27
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TABLLE XV
{continued)
No. Capacity End of discharge
Cycle No. Charge ECV Pulse Ahr Voltage 1.4V
28 16a for 15 1/2 2.0 896 229.6
29 i6a for 15 1/2 2.10 816 188.5
30 16a for 11 hrs. 2.00 696 160.8
31 16a for 11 hrs. - 2.00 666 153.8
32 l6a for 13 hrs. 2.10 634 146.5
33 16a for 9 1/2 2.10 612 141.4
34 168 for 12 1/2 2.10 654 151.07
35 l16a for 9 1/2 2.10 585 135.13
36 16a for 8 hrs. 2.10 492 113.7
37 16A for 8 1/4 2.10 448 103.48
38 16a for 16 hrs. 508 117.3 - Shorted, voltage didn't
get to 2.0V on charge

39 162 for 16 hrs. OuT
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TASK II B - 2nd Generation Test Cells

Based on the dissection analysis of cells number 1 to 6,
it was decided to modify the design somewhat from the 7 cells
delivered to NASA. To evaluate these charges, 4 additional cells
were asgembled and tested prior to the completion of the Final
135 cells.

The new design featured the following modifications:

1. The use of the molded cell case and cover with a 12

negative, 13 positive electrode configuration.

2. Two layers of 6 - 7 mil thick Pellon 2533 poly-~

propylene on the positive electrodes in place of
the untreated asbestos. This materidl was heat
sealed along 2 vertical edges +o form open top bags.

3. The frame thickness on the positive electrodes were

decreased by .02" to compensate for thickness build-
up due to epoxy on the negative plate frames.

The four cells were filled with 1450 cc of electrolyte
subjected to four characterization ecycles and then put on life
test on the pulsed discharge. The charge and discharge results
are presented in Table XVI. The four cells were run in series
on discharge and the discharge was stopped when one cell reached 1.4V,

The cells were cycled on the normal pulse discharge regime
for a total of 34 cycles. The results of this testing is shown
in Table XVII., Cells were recharged and given one discharge
at 90 amps at cycle 18 and 35 as shown in Table XVIII and IXX.
Discussions with NASA Technical Representatives revealed that

there may have been a problem with the pellon polypropylene
Page No.29
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Cell Type:
Contract No.:

300ah Ni1-Zn

Mame of Test: Formation

TABLE XVI
INITIAL CYCLE RLSULTS OF CELLS 8~11

Charge Date: 3/23 v 3/24

Charge Current:

Discharge Date. 3/25 n 3/26/75
A35a
Discharge Current: 302

V-Reading Interval:

Cycle No.: 1 Cutt OLf voltage: 1.50v
Cell No. 8 9 10 1l
Charge Time 24 hrs. 24 hrs. 24 24
C: (ah) 384 384 384 284
ECV (V) 1.900 1.899 1.898 1.902
ocy (V) 1.348 1.850 1.850 1.850
Taime
Strt at: 9-28
DV 9.28 1.684 1.681 1.681 1.679
9:38 1.548 1.545 1.548 1.546
.48 1.523 1.520 1.525 l.522 135a 40 min,
9-58 1.515 1.510 1.517 1.513 90ah
10:08 1.49%4 1.487 1.497 1 481
10:11 1.633 1.631 1.636 1.633
1i:15 1.651 1,651 1.653 1.650
12:15 1.645 l.645 1.648 1.644
13:15 1.640 l.640 1l.642 1.639
14:18 1.629 1.628 l.831 1.627
15.11 l.8l12 1.619 1.623 1.618
16:1L 1.579 1.592 1.598 1.593 30Aa
l6: 26 1.559 1.585 1.591 1.587
3/26 7-51 1.608 1.635 1.640 1.640
8 03 i.801 1.569 1.576 1.577
8-21 1.542 1.550 1.553
8:36 1.498 1.511 1.524
§-43 1.495 1.524
6.22 hrs. 7 hrs. 7.12 hrs. 7.12 hrs.
183ah 210ah 213Ah 213ah
Discharge Tame
Co (Ah) 273 300 303 303
va (V) .
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{continued)

Discharge Date:

Cell Type: 300Ah Ni-Zn Chafge Dates: 3/29 v 3/30 Dascharge Current: 360A = 1.4v
Contract No.: .
Name of Test: Formation Charge Current: V-Reading Interval:
Cyele No.: 2 Cutt Qff voltage:
Cell No. 8 9 10 11
Charge Tame 24 hrs. 24 hrs. 24 hrs. 24 hrs.
C: (Ah) 384 384 394 384
ECV (v) 1.905 1.904 1.9202 1.908
ocy (vi 1.875 1.874 L.872 1.877
Time
Sirt at 9:23
Iov 09:23 1.480 l.482 1.481 1.470 360A 2 min.
09:25 1.387 1.391 1.3%4 1.384 12ah
09:26 l.686 1.689 1.6%0 1.690
10:26 1.675 1.677 1.679 1.676
1l:26 1.663 1.665 l.666 1.663
12-26 1l.660 l.662 1l.664 1.660
13:26 1.655 1.6857 1.652 1.655
14.26 1.653 1.653 1.655 1.652
15:26 1.647 1.648 1.650 1.646
16:26 1.640 1.640 1.643 1.639 30n 628 man.
314ah
3/31 08 00 1.692 1.691 1.692 1.691
08:32 1.626 1.623 l.626 l.e24
09:32 1.606 1.603 1.606 1.603
10-32 1.580 1.577 1.580 1.576
11:02 1.534 1.54¢9 1.549 1.547
11:28 0.272 l.484 0.227 1,483
Discharge Time
Co (Ah} 326 326 326 326
va (W)

3/30 v 3/31/76
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TABLE XVI

(contanued)
Cell Type 300ah Ni-Zn Dascharge Date: :/?/76
Contract No.: Charge Date- 3/31 v 4/1/76 Discharge Current: fg:
Name of Test: V + Cap. determ. Charge Current: 16A -
Cycle No.: 3 V~Reading Interval:
Cutt Off voltage: 1.50v
Cell nNo. 8 9 10 11
Charge Time 24 hrs. 24 hrs. 24 24
Ci (ah)
ECQV (v) 1l.920 1.915 1l 913 1.921
oy (v) 1.818 1.817 1.817 1.817
Time
Strt at 8:40
IoDv 8:40 1.627 1.600 l.813 1.620 180a 10 man.
8:50 1.501 1.483 1.496 1.501 30ah
8:51 1.647 1.645 1.64¢ 1.649
9:51 1.661 1.658 1.664 1.663
10:51 1.857 1.653 1.660 1.659
1l:51 1.655 1.650 1.657 1.655
12 51 1.651 l.646 1 653 1.651
13:51 1.648 1.642 1.650 1.648
14.51 1.640 1.635 1.642 1.640
15 51 1.631 1.622 1,833 1.630
16:21 1.821 1.821 1.621 l.621 30A
595 man.
4/5 8.30 1.678 1.674 1.676 1.675 297.5ah
8 50 1.608 l.812 1.648 1.612
9-10 1.593 1.592 1.590 1.5892
9 25 1.586 1.582 1.586 1.532
9 5O 1.576 1.573 1.576 1.571
10:20 1.458 1.508 1.508 1 496
Discharge Time
Co (Ah) 327.5 327.5 327.5 327.5
va (v) .
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TARLE XVI
(continued)

Dascharge Date. 4/6/76
Cell Type 300Ah Na-2Zn Charge Date. 475 v 4/6/76 202
Contract No.: Discharge Current:
Charge Current: 16a 304
Name of Test: V + Cap. determ.
Cycle No.: 4 V~Reading Interval:
Cutt Off Voltage: 1.50v
Cell No. 8 9 10 11
Charge Time 24 hrs. 24 24 24
Cir (Ah) 384 384 384 384
ECV (v) 1.930 1.927 1.927 1.935
oCv (v) 1.873 1.872 1.872 1.877
Time
Strt at 1l:50
IDV 11:50 1.763 1.758 1.756 1.754
12,20, 1.599 1.601 1.606 1 60L
12:50 r.s582 1.584 1.589 - 1.582
13:20 1.578 1.581 1.586 1l 578 90A 3 hrs 4+ | 20 min.
13:50 1.572 1.576 L.581 1.579 ! 300ah
14.20 L.561 1l.565 1l.572 1.562
14:50 1.538 1.540 13.551 1.535
15-20 1.506 1.507 1.527 1.503
30a 15:10 1.580 1.583 1.596 1.582
15:40 1.605 1.607 1.614 IL.602
16:30 L.,582 1l.586 1.593 1.578
304 100 man.
4,7 8:05 1.633 1.630 1.631 1.622 502%h
8.35 1.525 1.532 1.538 1,522
8:45 L.476 1.506 1.514 1.485
Dascharxge Taime
Co (Ah) 350 350 350 350 '
va (v)
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TABLE XVTI

Ni-2Zn 300Ah CLLL NO. 8-11

No. Capacity
Cycle No. Charge ECV Pulse Ah
1 L6A, 24 hrs. 7.824 1486 343.3
2 16A, 24 hrs. 7.795 1460 337.2
3 16a, 24 hrs. 7.822 1415 326.8
4 16A, 24 hrs. 7.824 1400 323.4
5 16A, 24 hrs. 7.85V 1394 322.0
) 16A, 24 hrs. 7.82V 1381 319.0
7 16A, 24 hrs. 7.911 1371 316.790
8 l6a, 21.25 8.02 1354 312.8
9 16A, 18.75 8.00 1242 286.9
10 19 hrs. 8.00 1355 313

11 18,41 hrs. 8.055 1212 273.9
12 18.75 hrs. 8.065 1213 280.2
13 18 hrs. 8.321 1105 255.2
14 17.75hrs. §.102 1105 255.2
15 15.33 hrs. 8.183 1096 253.1
16 15.4 hrs. 8,10 1061 245.0
17 14.75 hrs. 8.09 935 215.9
i8 13.58 hrs. 8.05 90A discharge

manually
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o
5 20
TABRLE XVII %?%“ o
(continued)
No. Capacity

Cycle No. Charge ECV Pulse Ah

19 pulse discharge reading indivadually

20 15.5 hrs. 8.10 852 219.9

21 14.12 8.00 936 216.2

22 13.50 8.05 884 204.2

23 13.00hrs. 8.00 874 201.8

24 13 1/4 8.00 923 213.21

25 13 hrs. 8.00 884 204.2

26 ‘ 13 1/2 hrs. 8.046 879 203

27 12 1/4 hrs. 8.00 796  183.87

28 12 hrs. 8.00 799 184.56

29 11 1/4 hrs. 8.00 667 154

30 10 1/4 hrs. 8.00 680 157

31 9 3/4 hrs. 8.00 669 154.5

32 9 3/4 hrs. 8.00 617 142.5

33 9 1/4 hrs. 8.00 570 131.67

34 8 1/4 hrs. 8.00 530 136.2
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TARLE XVIII
Cell Type: 3002h Ni~Zn (4 cells) Charge DPate: 5/1% ~ 5/206/76 Discharge Date. 5/20/76
Contract No.: Charge Current: I1G6A Dascharge Current. 90a
Name of Testi: V=Readang Interval: 15 man.
90A daschaxge . )
Cycle No.: i8 record each cell indivadually Cutt Off Veoltage: l.30 ¥
Cell No. 8 9 10 11
Charge Taime 13.58 hrs 13.58 hrs 13.58 hrs. 13.58 hrs.
[-H {Ah) 217.2 217.2 217.2 2¥7.2
BCV {v) 2.01 2.01 2 01 2 0l
ocv (v} 1.85 1.85 1l 86 1.86
Time
Strt at 92-05
IDv 9:05 1.727 1738 1.734 1.721
9:20 1.803 1.614 1.616 1 606
9.35 1.571 1.583 1.581 1.567
9-50 1.561 1.576 1 574 1l 560
10:35 1.505 1.548 1.540 1 485
11:00 1.376 1.525 i.511 1.275
11.05 1.301 1 501 1.466
11.15 1.542 1.540
11 30 1.489 1.471
11:45 1.415 1,242
11 53 1.285 v\,_-/
) Py, \_,—\,_/
2hrs. 2.66 hrs. 2,5 brs. . 1.91 hrs.
180AR 239.4Ah 225ah 171.9 hrs.
Discharge Time
Co (ah) 180 239.4 225 171.9 ¢
Va (v)
:
t H
|




Cell Type:

300Ah Wi1-Zn (4 cells)

TABLE IXX

ae Dascharge pate 7/15/76
Centract Ne. . gﬂ:ﬁg: gi’z";ént- Ig;;a v i/ra/78 Discharge Current: 903
Name of Test: . V-Reading Interval. 15 min.
Cycle No.: 35 for 10 hrs. Cutt Cff Voltage 1.30v
Cell No. ] 9 10 11 |
Charge 'Time 10 hrs. 10 hrs. 10 hrs. 10 hrs.
C: {Anh) 160 160 1860 260
ECV (v} 2,00 2.00 2.00 2.00
ocv (v} 1.819 1.817 1.818 1.818
Time
Strt at 08:39 \
v d8.35 1.694 1.700 1 700 1 688 i
08.54 1.584 1.595 1.595 1.582 :
09:09 1.550 1.564 1.564 1.548 H
09:24 1.548 1.554 1.564 1.545
09 39 1.530 1.551 1.548 1.514
09 54 1.485 1.532 1.509 1,292
10:09 1.274 1.526 1.276
i i
i ;
135ah 135Anh 1i2.5Ah ; 4

Digcharge Time

Co {(an)
va (v)
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material utilized i1n these cells. Apparently the non-woven
polypropylene material contained some wetting agents that could
be dilatorius to cell performance. On the basis of this, it
was decided to hot water wash the pellon prior to i1ncorporation
in the final cells.

Leak testing of the molded 300Ahr cell cascs revealed
approximately a 50% leakage rate at the ultrasonic welded plugs
in the bottom of the cell cases. It was therefore, decided to
sandblast and place epoxy sealing cement over the plugs in all

of the cell containers.
TASK VI - 135 Deliverable Cells

The f£inal cells were constructed in two groups. The firsth
65 cells contained NASA IO separator material. The second group
of 75 cells was constructed with a new more flexible asbestos
coated separator material also supplied by NASA designated K19,
All the cells were filled with 1450 cc of 31% KOH and shipped to

NASA LEWIS.
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Contract NAS53-19415 APPERDLY A L BEDO {1001

/ OPSRATIONAL WORK TTSTRUCTION SUERT

Operation Title: PROCEDURE FOR AXALYSIS OF MORCURIC OXLDE COHTENT OF

N

NEGATIVE ELECYTIODE PCWDLR NMIXLS

+

EQUINENT REQUIRED

1.1 100 ml pyrcx beaker,

1,2 Triple beam balance, Sargent $5-3U435, or equal,

1.3 Drying oven, elceiric, thermosiatically contr;]lcd, 105° C.
1.4 Plain Scheibler Desiccalors with aclive desiccant,

1.5 Stainless steel spalula,

1.0 250 cc narrou neck Erlenmeyer flask, pyfcx.

1.7 Burelie clamp and stand.

1.8 25 ml ccpacitf Geissler burette,

MATERIALS FEQUTRED ‘

2.1 0.3 normal standard potassium thiocyanale solution (KCHS),

2.2 TFerric indicaler solution (saturaled solutlon of Iron (ic)
amnonium sulfate,

2.3 7.5 molar golution of nilric acid, (HNOB) (1:1),

ANALYTICAL PROCEDUIR

3.1 Using a triple beam balance weigh oul 10 grams tl gram of the neraliv.
celectrode mix to be analyzad for mercuric oxide content intc a JOO ml
pyrex beaker. .

<

3.2 Transler the cample in the beaker 1o a thermostatlically conlrolled
electric oven sei at 1057 C. Allos the sample Lo remain an {his oven
for ut least h hours, .

3¢3 Remove Lhe cample Trom the oveh and Lransfer rapidly Lo a deslecator
with aclive drsiceant., Allou 1o cocl off in {he desiceator,

3.h Heigh out 5.C0 ¢ 0.0) prams of the dried sample using a triple beam
balance an} Lranator all of whe sample Lo a 290 ce Krlenmeyor flack,

ORIGINAL PAGE IS
g-\ OF POOR QUALITY



Cantract NAS3-19415 ATPERDIX A BFDO #1003
OPERATIONT, WORE INSTRUCTICH SLELT

'Operation Title: PHOCLDURE FOR ANALYSTS OF FORCURIC OXIDE COITLNT OF
HECATIL D BIECTLHGHE YOUWDLR 1DES

Add 50 cc of 7.5 molar nitric acid (1:1) 1o the Erlemueyer flask and
gentbly sulrl Jhe ligquid until the zample has dissolved, 1L s
impoilant that all of the sample be completely discolved,

(W]
N

3.6 Add diglilled waler to the solviion in ihe Erlenmeyer flask so {hat
the entiire ewount of liquid in ihe £lask 15 approxanalely 100 ce.

3.7 Add 1,5 cc of Ferric inlicalor solution Lo {he solualicn in ihe fiesk,

3.8 " Cool the coniente of the flask 10 12° C. This may be done by
fmpervsing the £less an wafer at 50° F, that may be cblaired f{ron
refrigerated drinkirg founiains.

3.9 Keeping the colutimn temperatuare lover than 15° €, {ilyate with C.1
H potassium thiocyarate ctandard selution, proceedirg very slo-ly
near Lhe andpoint, until a distinct redduish brosn color poersiste on
vaigorous shaking., Use a 29 cc Geassler burretie for this {alratl:on.

3.10 Record ihe number of ce of 0.1 I KCLS required {o completely react
with {the mercury in the sarple.

-

L, CALOIUATION

L.l One cubic ceniameler of 0.1 normal KCUS solution is equivalent to
0.010830 gram of mercuric oxide (}%O).

5.2 &) ccof 0.1 N KCUS % 0.010830 = grams Hgo in sample.

-

b) grans H,0 in sumple x 100

= %M 0 in sanple.
5.00 prams &

%. REFEREUCES

5. "Trealise on Analylical Chemisiry” by Kolthoff and Elving, Dart
IT, Volws 3, pp 30H-308.

8- ggis
aG
Ej : v Pb‘xﬂ
oG



Contract NAS3-19415 APPENDIX A - . MDO #1009
OFEHATIONAL WOaK LLSTRUCTION SHERT ’ .

Operation Title: PROCEDULE FOR PREPARATION OF NEGATIVD MUK

1. OBJECTIVE OF CITRATTGH

The purpore of 1his eoperaticn 35 Lo Llend togelher desired aueniitics ol
zine oxide and merouric oxids powders Lo form a homopgennous materianl for voe
in the fabricabion of zinc cleclroldes.

2, FATERIAIS FUCHIRED

. R
2.1 Zinc oxide - HorsoheadC) U.5.P, - 12 grade;
New Jersey Zainc Company; in 50 1b., cartons.

2.2 lMercuric ovide - Analytical Hzapeni grade:
Fallinckrodt; in 1 lv. botlles.

3. EQITRENT FEOUIRED

3.1 Balance, 20 kg. capacily, Ohaus lodel1ll9 or équivalcnt.
3.2 Balence, triple beam, Sargenl $-34335 or equivalent.

3.3 Mixer, U.S. Stonevare "Universal" lab mixer, with rotlohedral

mixing vnils,
. 3.4 Drying oven, Despalch, Model IDB-1-67 or cquivalent.
3.5 Tray, slainless steel, 12" x 20" & 2-1/2",
3.5 Spatula, stainless sieel.
3.7 Scoop. plastic.
3.8 Beaker, plastic, 100 ml. capacily.
3.9 Jerc; one rcallon zapacily; brown glaés.

L, DETATIED QFEW TIOHAY, PPOTENTE

4.l Place a stainlesc steel tray on the 20 kp. balance and tare it.

4.2 Using & plastic scoop, transfer 3920 g, of zince oxide from its
conlainer to the tray.

4.3 DPlace a plastic bralsr on the triple beam balance and tave it.

. A2
ORIGINAL PAGE IS A
OF POOR QUALITY]



Contiact NAS3-19415 APPEHDI Y A BFDO #100)
OFBLATIONAL VORK THOTRUCTICH SHELT
Dpération Title: PROCEDURE FOR PREPARATION OF IEGATIVE MIX
L.t Using a siainless steel spatula, transfer 80 g. of %erruric ovile
{from its container to ithe beaker.
Ad polh the zinc oxide a2rd the nercuric oxide to one side of the

rotohidral Llender, #)lerrating omrll anowds of each so thal L
mercewric ozide iz tovewbal dispersed throughout the zine ouide,

Ly,

A% ]

.6 Pul the top on ihe blender and {uwrn the blender on. ILet it run
for 15 mimues, thelt turn it off, :

h.7 Carefully remove iLh~ blender cover, and with a stainless sticel
spatula renlly scraps any powder wiich had edbered to the blender
walls of ¥ the wails. Replace ihe blender cover.

.8 Turn ibe blender on and let it run for is minules, Turn it off.

1.9 Remove the tlendar cover and {ransfer Lhe contents of the blender
to a stuinless steel lray.

;.10 Place the tray conlzaning the mirture on & shelf in the Despaleh
oven and allov 1L 1o dry overnyrht at approximateldy 70° €. Trarsflor
1he materaal io on¢ pgallon broun glass gers. Place caps on unz Jass.

5. DISROSITI0N 0¥ FRODUCT ’ -

The nepalive mix is nov ready for aralysis according to BFDO 1001, It
mercury contenl 15 correct the muix is ready for use in elecirode fabriecat icn,

6. SAFETY CONSINLRATIONS

" Mercuric orude is an accuwmlelive poison and should not ba ingested. The
operator must keep Lhis mwaiervial off his skin, and must wash his hanls and
arms thoroughly after ~rposure 10 mercuric oxade.
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Contract NAS3-19415 APPINMIY A BIDO 7201
OFEFATIONAL NORK THTTHUCTICH LHEET

. Operation %itle; MOLD PRUGEING OF HEGATIVEZ TINCIRODES

To mike a nerative eleclrode of & piven size, weight and thickness by
pressing mix around a collector grid,

2. PATRATAL FOOQUIRE'SUTS

2.1 Fepalive mix frem BIDO #1013.

2.2 Velded nepalive elecirade grid from BFND /012,
2.3 Polassium {ilenate absorbers rom BFRO 1011,
2.4 PB.V.A. solulion from BFDO #1017.

3. EQUIREUT REQUIRFITINTIS

3.3 Threc-piece mold.
3.2 Hyldravlic press, Wabash tiedel #100-15 SMAC or equivalent.
2.3 Tewpinag tool.

3.4 Shim stock.

3.5 Burgess Sprayer, Model VS-855,

3.6 Spray hood.

3.7 Kimwipes.

3.8 Acetonc,

3.9 Vernier calipers, Helios.

3.0 Throv-avay filter mask, 3M brand.

3.11 Hubber or plastic gloves,
3.12 Kintowzls.:

b, OPERATIONAL DETATLS

.1 Clean base plate with Kimeipe and plasce on work table.

3%
oGS
po B
0

AL
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Contract NAS3-19415 APPERDTX A BFRO {101k

OPERATIOJkL WORK THOPRUCTION SHELT

Operation mliiﬂ‘ FOLD YRESTING OF LLGATIVE LCLECTRONES

k2
.3

L4

4.5

.G

4,10
b1
L.12
4,13
4,14
.35
416

.17

Hipe surface of tawe nlate that will cowe in contact uith nls
with plece of Xirmunpe dipped in acelone.

Clesm mold wilh Himwipa end positlon on base plule, matehing basc
plate pins wilh pan holes in 1rold.

o,

Tab clob in molid slould be positioned tovard operalor,
Place one picec of poiassium Latanate on Kwumtouwel apainst back-
board of spray heod. .

Sp}ay PV A, solubion from BFDO #1017 on one surface of polassium
Litanaile papes.

Rirers pizce of v
by

tassium Lilanale peper from spray hood and posi-
1ion in boltom ol molAd,

vet side up.

Tour 1/2 of prepared cup of negative mix into mold on top of
potassium titanate paper.

Spread mix evenly with tamping Lool. The care talen an the even
spreading of Lthe wix is direcelly reluled Lo the final thlchve“s
ard guality of {hLe finashed elecirode. )

Prepare colleclor grid asscrbly by handforming lhe grid so ithat
3, will 1lie flal. -

Place colleclor grid essembly carefully on mix in mold, ithreadin
tab through Lab slot. It 15 importani thal grid lie ;lat on plx.

Pour remaindcr of mix into mold on {op of collector grid assemely.
Material weipghued per BFDO j/1013.

opreed riix everly over grid assemoly-wilh tamping tool, The care
taken in the cven spreading of {he mix 1s darectly related Lo the
final thickness ard qualily of the finished ecleelrode.

Repeat h.5 - 4.0, )

Rerove secord niece of polacsiun titenale paper from spray hood
and plice on Lop of mix an mold, wet side down,

Clean punch with Kimepe., Wipa sueface of punch that will come
in contact with mx with Kiwsipe ipprd xn acetone,

Insert punch very slouly inlo mold, to prevent blosout of misx,

Bl pgﬁ}E 5
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Contract NAS3-19415 APPLRDIX A WFDO 1ok

OQIZRATIONAL WORK LMGTLUCTICH SHDAT

Cperalion TiLle: MOLD PLIEGIING OF IOGATIVE LLLCTRODES

4,18 Place mold assembly in cenler of boltom plaien of press.

k.19 Place. 0.339 shims on ecch nide of mold.

.20 To turn cn press {hrow rain svateh on pack right side of presc.
Push powser on bitton at front raght side of press,

.21 Sct presswe gauge 16 LO Lons.

4,22 " Set timer to 35 ceconds.

.23 Precs iwo green vvlions marked "elese" simultanecously to close

press. Do not release the rreen bullons wilil the press stops,

The pre~selzeled pressure will siop the press aulomaiicaliy and

then the green butions musi be released, Afler ithe pre-set tame
interval the precs will open.

I,2k Vhen press opens, let the lover plalen iravel dousn a workable
distance then stop by pressing green bulions once simuliancously.

4.25 Remove shims {rom mold and place on platens:

.26 Reomove wold assorbly ani place on vork {teble in an inveried
position,

k.27 Remove base plate Ly carefully lifting off of mold and electrodx:,

.28 Plzce heel and thumb of each hand on eilher side of mold and preas
down, being carcerul not io louch edge of eclectrode, IlMold wall
. drop leaving eloclrode free on top of punch,

-

%.29 Pick up clectrode by tab and check thickness willi Yernier celipers.

4,30 Place clectrode flat on arca sel aside for the drying of the.
eleclirode,

h.3) Before the next step the clectrode must dry overniphi at room
Lemperature,

5. DISPOGITION OF PropieT

The elccirodes are now ready for the incpection operation’ per DFDO #1015

G
ALITY R-77



Contract NAS3-19415 AVPENDIX A BFDO f101Lh
/ OFUFATIONAL GO [NSTRUCTION SHEET
Operalion Iitle: DTN FWISSING OF LLUATIVE ELLCIRODLS

6. SAFETY COTGIDEPATICNS

6.1 The two palm bubtlons are desipned Lo prevent any injury o the
P L 2 ~F J 5
oprrator’s hard end arrms sance tha press stops i beih peln
buttons o not pregssed sirultancously,

6.2 A filter rask and rutber or plastic gloves should be vorn during
ihiz operatl:on.



Contract NAS3-19415 APPENDTY A BFDO £1015
OFERATTOUAL VORK IRSTRUCTION SITET

Operalion, Title: JIRGTECTION OF LEJSATIVE EIERCTIODES

‘X, ORIECTWVE

The objective of Lhis coperation i3 Lo insure thal nepative elecirodes
re xochenieallys anccoplable and are 2.80" 4 0.015" in vidiy and 3.~25% =
& i 11, sccoptable and are 2.80 3
0.015" in leryih (c.ucluding ihs Tub extension). The rmeasurenmunt of Lhichness

and the wzighing of cach electrode wall be deseribed in FFDO f0MC.

2, MATERIAL BECUTLN'TNTS, -

Negative electrodes from operalion BFDO #101k,

2. EQUITI'THT FEGUITT BITH

Vernier calipars.

i, OJTRATTOIAL DETATIS

i, There will be 100% inspection of electrodes for mechunical
~ acceplabalaty, Every icuth eleclrode will be checked ror wvidlh
and length. . )
4.2 Inspection for mechanical acceptance,

h.2.1 Damaped or crushed cdges are not acceptable.

4.2.2 There shall be no cvidence of separation ol the prepar.d
mix from Lhe DISTEX collecior grad,

4,2.3 The KT paper absorber shall lie flat on each wide ouler
surface of the eleclrode and there shall Le evidence of
reasonabie adherence of the KT paper to the elecliode,

.3 leasure widih of every lenih electrode vilh Vernier calipers. Tre
width should be 2.80 * 0.015.

4.% Feasurc lenglh of every lenth eleclrede with Vernier calipera.
The length should be 3,625 + 0.015,

5. DISPOSITION CF PRODUCT

The electroles are nov ready for weipghing, thickness measuremanls, and
serializing per BFNO 1016,



Contiact NAS3-19415 APPIHDIX A BEDO /1010

OIERATICHAL UGRK TINTHRUCTICH SHLEY

Operation . itle: OSIZEVIES AN SERTALIZING OF ITECATIVE DIICTRODES

l.

INCIUBING VLIGHLG)

égﬂRCTTYE . -

1.1 To recorh and chsure yproper welghl and Lhiclness of each'clactroﬁo.
1.2 Yo cpply ihau1ation slcevary 1o cach clecelrode.

1.3 To piv: euach elcelrode s traccable serial numﬁcr.

VASTRRIATS REFIIPED

2.1 Precsel and inspecled tepslive eleclreide,
2.2 Heat shrinkable FLP spaghetii FEP HST, #8 (preeud to 1/2% lensihin).

2.3 Vhife codang tapes vith consecutive numbers stariing wath 0201,
EZ4 Code.

2.4 Tracesbility and inspcation form.

- EQUIRENT FREQUTRETS

3.1 Triple beam bulance, Sargent S-3h35 or equivalenti.
3.2 Veraier Calipers, €" helecos.

3.3 Black ink pen.

OTERATIONAL DITAILS

L,1 Set balunce 10 zero.
k.2 Pick up elecirode by Ladb or adge and place on Lalance tray.

k.3 Adjust balance weighis until poinler suings an equal distance
on cither sid- of zero marl.

Ik Record weight on traceabilily and inspection Torm.
.5 The electirode veimhl musl fall in the range of 37.8 to 30.0 prons,

4.6 Remove clecbrolde from balance and slide precut spagheltl doun over
tab unbil il contacts nerative plele.

.7 Atiach numbered tape io end of tab,

. ©
o
< B -\_‘fl.
@G‘S% o>
& -10 o 00‘8 900



Contract NAS3-19415 AVPENDIY A BEDO {11015

Operatica Tille: SIFZLVINS AID CERIALIZILG OF IECATIVE BLECTRODLS

k.10
.11

i e

OVEPATIONAT VORK TIFTRUCTION SHIET

*

(1GCLALLGG WLIGHING )
Paecord mudbar in serial, pumber column on same line as recorded
veizht ©i 2lectrade.
Chenh thonbnezs of elocirode over ils enllire area with a Vornjee
Tadiper st reenrd Smy average thickness on bne traccebalily anid

inspaclion forn on sake: Jare as serial nusber,

The clecirode {hickness must £zl) witkin the range of 86 to 00
rile, .

A1l tracel ility data o: form must corvecponl with actunl Juna
of ¢leclrode,

Eleclrodes ara nou slorad in plastic boxes.

5. DISTOSITION OF 2HO™KCT:

Elecirodes are nov ready Tor use in w:l* cub-asseadliec, Molew
to soclion 3.1.

A-1)



Contract NAS2-~19415 « APPTMDIN A . BIDO flicly
/ QIMEATTONAL VORY II.ESJ‘J'I‘:::’C'L‘IOH sEOLT

Operat.. * Ditle: PROPARATION OF IVA COIUTION

1. ORITCITE OV QOINRATION

-

The purpase of Lhis opavotion is to yprepare a 1% solulion of polyvinyl
aleohol in watcr for use in the fabricalion of zince oxide cleclrodes.

2. VATERIAL TENTIELD )

2,1 Polyvinyl alcohol - EuPont "Elvanol® Grede 51-05; in 50 1b. bars.
2.2 De-~ionized wuler,

3. EQUIFEITT PRECHIRED

3.1 Tripl: Leam balance, Sargent 5-3%3S or equivalent,
3.2. Grodualed cylinder, 500 ml, capacity.
"3.3 DPeaker, 800.ml. capacity.
3. Beaker, 100 ml. copacily.
3.% Stainless steel spatula,
3.6 Hagnetic stirrer, Sargent Model 3 or equivalent. .
" 3.7 Stirring bar, teflon coeted, 1-1/2 in, long.

L, DETATIED CPOPATTONAT. PROY DR'HF

4, Ylace n 100 md. beaker on ibe iriple beam talance and fure it.

.2 Veigh oul. 5.0 grems of Elvanol, using a stairless sleel spatulsa
{o tiansfer Lhe waterial Lfrom its bag 1o ithe beaker.

.3 Pour 495 ml. of de-jiocnized water into a 500 ml. grhduntcd eylin'on,
4.% Dmply the graduated cylinder into on 800 ml. beaker,

k.5 Place the beaher conlaining thz water on a magnetic slirrer and
drop a teflon coalrd sbirring bar into Lhe water,

.6 Tuarn the stirrer on and adjusl it 1o a rediwm stirring spezl.

.7 Slowly pour the Elvanol from its beaker inlo ine water,
RS
A

QY:QYI:)
F &

%.

0

Q)
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Contract RAS3-19415 APPLNNTX A
f OFERATTIOIAT, WORK IUSTHRUCTY ON‘ SHEET o

Operatjion Title: PREIARATION OF ¥F/A BOLUTION

[
1 PR

1,8 Allov Lhe mirture to siir until all of the Elvanol. has been
dingolvad, - .

k.9 Turn ike stirrer off.

5, DITTOCITIO:N CF PLong™

The producl may be stored in pglass Jars with plaslic lined iids, or it
may be powred directly into the reoservoir of Llhe spray gun, uvhere it will

be ready for use in electrode manufacture,
i

6. SAFETY COUSIDERLTIONG

tlormal laboratory safely practices should be obscerved during ihis
‘operation.

P -\2
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