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ABSTRACT 

Fhysical properties, impregnability, 
of experimental nickel fiber plaques 

and electrochemical behavior 
were compared to those of 

currently available nickel powder sinter plaques. 

Contrary to expectations, the new plaques did not prove t o  be a 
better material for the negative electrode of the nickel-cadmium 
couple than the controls. 

The unfavorable pore size distribution of the fiber plaques was 
the reason for excessive losses of active material during capacity 
testing and led to numerous short circuits inside the cells. 
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1.0 SUMMARY 

This  i n t e r i m  r e p o r t  con ta ins  the r e s u l t s  of t h e  f i r s t  phase o f  a program 
planned t o  i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  of n i c k e l  f i b e r  plaques f o r  support  
of t h e  nega t ive  e l e c t r o d e  of t h e  nickel-cadmium couple.  

An i n v e s t i g a t i o n  of t h e  phys ica l  p r o p e r t i e s  of t h e  experimental  f i b e r  
plaques r evea led  inhomogenities w i t h  r e s p e c t  t o  thickness ,  dens i ty ,  weight 
p e r  a rea ,  s p e c i f i c  po re  volume and po re  s i z e  d i s t r i b u t i o n .  Large p o r t i o n s  
o f  t h e  f i b e r  m a t e r i a l s  were found t o  b e  ou t  of t h e  s p e c i f i c a t i o n  l i m i t s .  

For t h e  subsequent impregnation s tudy,  t h e  e l ec t rochemica l  c l ean ing  and 
formation process,  a r e p r e s e n t a t i v e  sample of t h e  m a t e r i a l s  was employed t o  
o b t a i n  g a i n  i n  weight and prel iminary c a p a c i t y  d a t a .  However, t h e s e  d a t a  
were n o t  conclusive wi th  r e s p e c t  t o  t h e  optimum number of impregnation c y c l e s  
f o r  a given m a t e r i a l .  

I n  two c a p a c i t y  tests c o n s i s t i n g  of some 50 t o  60 charge-discharge cyc le s  
cons ide rab le  l o s s  of active m a t e r i a l  from the experimental  plaques was ob- 
served.  These l o s s e s  were g r e a t e r  by a f a c t o r  of 2 t o  4 than  those  encoun- 
t e r e d  by t h e  corresponding c o n t r o l  plaques which were t e s t e d  s imultaneously 
and under i d e n t i c a l  cond i t ions .  

The reason f o r  t h i s  i n f e r i o r  performance of t h e  experimental  plaques 
can be found i n  i ts  cons ide rab ly  g r e a t e r  mean pore s i z e s .  These v a l u e s  and 
t h e  o v e r a l l  pore s i z e  d i s t r i b u t i o n  can only be s l i g h t l y  a f f e c t e d  by a compres- 
s i o n  of t h e  m a t e r i a l s .  

I n  general ,  t h e  tests conducted have shown t h a t  t he  experimental  plaque 
draLcLhls a r e  inferior t o  t he  currenLiy a v a i i a b i e  conc ro i  m a t e r i a i s  i n  r e t e n t i o n  
of a c t i v e  m a t e r i a l  during gassing and may t h e r e f o r e  be more s u b j e c t  t o  s h o r t  
c i r c u i t  f a c t o r s .  

--*,.-- 

Regardless  of t h e  s u b s t r a t e  m a t e r i a l  employed t h e  u t i l i z a t i o n  of t h e  
a c t i v e  m a t e r i a l  s t e a d i l y  dec l ined  with i n c r e a s i n g  numbers of t es t  cyc le s .  
However, when a t  t h e  end of t h e  tes t  program t h e  l o s s e s  of t h e o r e t i c a l  cap- 
a c i t y  due t o  l o s s e s  o f  a c t i v e  ma te r i a l  were taken i n t o  cons ide ra t ion ,  t h e  
i n t e r e s t i n g  f a c t  w a s  r evea led  t h a t  t he  u t i l i z a t i o n  of t h e  a c t i v e  m a t e r i a l  s t i l l  
w i t h i n  t h e  pores  of t h e  plaques was h a r d l y  changed a t  a l l  with i n c r e a s i n g  
number o f  cyc le s .  
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2.0 INTRODUCTION 

2.1 General 

The objectives of the Phase I of "Development of Improved Cadmium 
Electrodes for Sealed Secondary Batteries" were: 

1. Check the physical properties of the experimental nickel fiber 
plaques with respect to the uniformity of specified thicknesses 
and densities, its computable ranges of weight per area and specific 
pore volume, and determine mean pore sizes, pore size distribution 
and internal surface areas. 

2. Select a representative sample and submit to a systematic 
impregnation study to obtain gain in weight data as a function 
of the number of impregnation cycles. 

3. Submit this sample to a sequence of electrochemical cleaning, 
electrochemical formation and capacity tests, the latter at dif- 
ferent current densities, to obtain information about the utiliza- 
tion of the active materials. 

4. Process an adequate sample of GE plaque material under identical 
conditions and use it as control material. 

. 

5. Compare performances of experimental and control materials and 
make recommendations for the impregnation and processing of materials 
designated for Phases I1 and I11 of the program. 

The experimental material was received from the Huyck Metals Company 
and consisted of five different items, namely: 

Item Huyck Designation Test Designation 

AX1 10% 
AX1 modified, 10% 
Ax2 10% 
AX1 20% 
AX1 modified, 20% 

1- 10 
M- 10 
2- 10 
1- 20 
M- 20 

Items 1, 2, 4 and 5 were each delivered as seven 12 1/2,x 13 inch plaques 
which were called master plaques ( M . P . ) .  
separate shipments each consisting of seven 12 1/2 x 6 1/2 inch plaques. 

Item #3 was received in two 

For the purposes of this program, the original master plaques of 
n3-h CUI.. -""y m v n a v n  T . ~ ~ - O  W b L b  r..t b U L  t c  71) s m a l l e r  pl=n,ues nf 6 1 / 2  2 1 / 2  i n c h  -&ich 
were designated triple plaques (T.P.), inasmuch as they contained enough 
material to process them into three electrodes of the size selected for 
the phases I1 and I11 of the program. 

The control material was taken from the current GE production line 
and had the designation "GE VO Negative." 

- 2 -  



2 . 3  Material D i s t r i b u t i o n  

The 70 t r i p l e  plaques of each experimental  m a t e r i a l  were t o  be used 
i n  fou r  d i f f e r e n t  p o r t i o n s  of the progran;, nanely: 

1. 14 T.P. f o r  physical  t e s t i n g  
2 .  20 T.P. i n  Phase I (Impregnation Study) 
3. 6 T.P. i n  Phase I1 (Single  E l e c t r o d e  Study) 
4.  30 T.P. i n  Phase I11 (Sealed C e l l  Study) 

I n  o r d e r  t o  minimize a p o s s i b l e  i n f l u e n c e  of d e v i a t i o n s  among t h e  
master plaques and of t h e  o r i g i n a l  l o c a t i o n  of a g iven  t r i p l e  plaque, 
r e s p e c t i v e l y ,  on t h e  r e s u l t s  of t h e  d i f f e r e n t  phases ,  the s e l e c t i o n  of 
t h e  t r i p l e  plaques f o r  a g iven  p o r t i o n  of t h e  program was done f o r  a l l  
experimental  F a t e r i a l s  according t o  F igu re  1. 

The seven r e c t a n g l e s  r ep resen t  t h e  seven master  plaques of each 
k i n d .  They a r e  numbered I through V I 1  i n  t h e  same o rde r  a s  they were 
removed from t h e  shipping wrappers. Upper and lower h a l f  were randomly 
assigned as packed. The two shipments of I t e m  8 3 ,  AX2-10, were d e a l t  
w i th  as upper and lower ha lves  of seven master plaques age in  i n  t h e  
o r d e r  of unpacking. 

The 7 G  GE c o n t r o l  plaques were assigned t o  t h e  d i f f e r e n t  phases of 
t h e  program a t  random. 

2.4 Technical MeetinFs 

During Phase I of t h e  program two t e c h n i c a l  meetings were he ld  wi th  
M r .  W.  A .  Robertson of NASA-Lewis Research Center ,  a t  G a i n e s v i l l e ,  F l o r i d a ,  
on 28 December 1965 and 1 7  February 1966, r e s p e c t i v e l y .  

P r i n c i p a l  General Electric Company personnel  a t t e n d i n g  were D r s .  R.  L.  
Hadley and H. H. Kroger. 

- 3  



PLAQUE DISTRIBUTION FOR THE PHASES OF THE PROGRAM 
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3.0 PHYSICAL PROPERTIES 

3 .1  General 

The eva lua t ion  of r e s u l t s  obtained from t h e  experimental  plaques designated 
f o r  t h e  phys ica l  t e s t i n g  ind ica t ed  an unexpectedly wide spread i n  d a t a ,  It 
w a s  t h e r e f o r e  decided t o  extend a l l  non-des t ruc t ive  t e s t i n g  methods t o  t h e  
t o t a l  of a l l  experimental  and con t ro l  materials r e g a r d l e s s  of t h e i r  o r i g i n a l  
ass ignmen t s . 

G r i l y  the s p e c i f i c a i i y  designated materials were t o  be used i n  d e s t r u c t i v e  
t e s t i n g ,  such a s  i n  po ros ime t r i c  and i n t e r n a l  s u r f a c e  measurements. 

3 , 2  Thickness Measurements 

3 . 2 . 1  Apparatus 

Lhomargy th i ckness  measurement dev ice  g ives  d i r e c t  r ead ings  i n  
10-2 mm and pe rmi t s  i n t e r p o l a t i o n  t o  10-3 mm. 

3 . 2 . 2  Procedure 

Each t r i p l e  plaque was submitted t o  t e n  measurements a t  l o c a t i o n s  
uniformly d i s t r i b u t e d  across  i t s  s u r f a c e  of s l i g h t l y  g r e a t e r  than 100 c m  
(16.25 sq. i n . ) ,  however, excluding t h e  immediate edge areas. Averages 
f o r  each plaque and each ima te r i a l  were c a l c u l a t e d  and considered t o  be 
t y p i c a l .  

2 

3 .2 .3  R e s u l t s  

Table 1 con ta ins  t h e  r e s u l t s  for each experimental  and t h e  c o n t r o l  
m a t e r i a l  t oge the r  with s p e c i f i e d  th i ckness  r anges ,  d e v i a t i o n s  and 
a s i m p l i f i e d  d i s t r i b u t i o n  scheme. 

A s  can be s e e n o  t h e  average th i cknesses  of t h e  experimental  
m a t e r i a l s  are r a t h e r  c l o s e  t o  t h e  upper l i m i t  of t h e  s p e c i f i e d  
range of 72 t o  80 x 10- 2 mm (.030 i nch  & .0015 inch) and con- 
s i d e r a b l e  percentages o f  material t r a i l  a c r o s s  t h a t  upper border.  

Evaluat ing ind iv idua l  t r i p l e  plaque measurements f o r  each material 
d i d  no t  i n d i c a t e  any p r e f e r e n c e  f o r  extreme th i ckness  va lues  as 
f a r  as t h e  o r i g i n a l  l o c a t i o n s  of t h e  T,P. i n  a given master plaque 
were concerned. However, i n  many i n s t a n c e s ,  sys t ema t i c  t r e n d s  
i n  th i ckness  changes a c r o s s  t h e  s u r f a c e  of master plaques and/or 
t h e  upper and lower halves could be observed. 

The two shipments of t h e  AX2-10 material a c t u a l l y  behaved l i k e  
t w o  d t f f e r e n t  sa~@l_Ps; with the nne c z l l e d  "lr?r..er" ha l f  being 
completely above t h e  upper l i m i t  of t h i ckness .  

- 5 -  



TABLE 1 

Item 

THICKNESS ANALYSIS OF PLAQUE MATERIALS 

P.ercentage 
Specification Average 2 1 Below Within Above 

AX1 10 

~~ 

72 80 79 2.0 0 81 19 

AX1 M 10 72 80 78 2.5 0 87 13 

80 .8 74 26 
+;Ax 2 10 72 80 84 1.0 0 0 100 

AX1 20 

AX1 M 20 

72 80 80 1.4 0 53 47 

72 80 79 1.6 0 85 15 

GE Control 84 94 87 1.7 0 100 0 

Thickness expressed in mm 

*The AX2 10% material was delivered in two shipments 



3.3 Densi ty  Determination 

3.4 

3.3.1 Apparatus 

k i a l y t i c a l  balance 
S t e e l  scale 
Lhomargy instrument 

3.3.2 Procedure 

The area of a t r i p l e  plaque w a s  c a l c u l a t e d  from t h e  averages of 
l e n g t h  and width measurements. M u l t i p l i c a t i o n  w i t h  t h e  a p p r o p r i a t e  
t h i ckness  y i e lded  i n  t h e  apparent  volume of t h e  plaque. D iv i s ion  
of t h e  p l a q u e ' s  weight by t h a t  volume r e s u l t e d  i n  t h e  apparent  
s p e c i f i c  weight which divided by t h e  t r u e  s p e c i f i c  weight of t h e  
material r e s u l t s  i n  the apparent  d e n s i t y  of t h e  experimental  
material. 

I n  t h e  case  of t h e  c o n t r o l  material, c o r r e c t i o n s  f o r  t h e  steel 
support  s t r u c t u r e s  had t o  be made. 

3.3.3 R e s u l t s  

Table 2 c o n t a i n s  t h e  r e s u l t s  f o r  each experimental  and t h e  c o n t r o l  
material, t oge the r  w i t h  p e r t a i n i n g  d a t a  as t o  s p e c i f i e d  l i m i t s ,  
d e v i a t i o n s ,  and d i s t r i b u t i o n .  A s  can be seen,  t h e  experimental  
m a t e r i a l s  t e s t e d  exceeded t h e  s p e c i f i e d  l i m i t s  i n  e i t h e r  d i r e c t i o n .  

An eva lua t ion  o f  i nd iv idua l  plaque d a t a  r evea led  no c o r r e l a t i o n  
between extreme v a l u e s  of d e n s i t y  and t h e  o r i g i n a l  plaque l o c a t i o n .  
w i t h i n  a given master plaque. However, i n  analogy t o  t h e  thick-  
nes s  measurements, pronounced t r e n d s  i n  d e n s i t y  changes a c r o s s  
t h e  s u r f a c e  of i nd iv idua l  master plaques and/or t h e i r  upper and 
lower ha lves  could be observed. 

Weight pe r  Area Determination 

3.4.1 Apparatus 

Ana ly t i ca l  balance 
S t e e l  s c a l e  

3.4.2 Procedure 

The weight of a t r i p l e  plaque w a s  determined on an a n a l y t i c a l  
balance and then divided by i t s  a r e a  computed from averages 
nf length 2nd V f d t h  meas?zeaents. 

- 7 -  



DENSITY ANALYSIS OF PLAQUE MATERIAL 

Item 
Percentage 

Specification Average 2 1 v- Below Within Above 

Ax1 10 

AX1M 10 

Ax2 20 

AX1 20 

A X 1 M  20 

GE Control 

9 11 9.7 .9 21 70 9 

9 11 10.0 .9 8 82 10 

9 11 9.9 .8 7 87 6 

19 21 19.0 1.6 52 38 10 

19 21 20.1 1.9 28 47 25 

13 15 13.9 .3 0 100 0 

Density expressed in percent 

- 8 -  



3.4.3 R e s u l t s  

Contrary t o  th i ckness  and d e n s i t y  of t h e  experimental  material, 
t h e  weight p e r  a r e a  w a s  not  e x p l i c i t l y  s p e c i f i e d  i n  t h e  material 
procurement. The term i s ,  however, of importance i n  judging 
t h e  un i fo rmi ty  of a plaque material, and a l s o  has c e r t a i n  bea r ings  
on b a t t e r y  design cons ide ra t ions .  

TI e nominal va lue  o f  t h e  weight p e r  area S of a given experi-  
mental material and i t s  t o l e r a b l e  d e v i a t i o n s  can be c a l c u l a t e d  
as fo l lows ,  when 

W = weight of plaque 

A. = area of the plaque 

T = thickness ,  of t h e  plaque 

f r  = r e a l  s p e c i f i c  weight 

D = apparent  d e n s i t y  

are known : 

W A x T x E x D  

I n s e r t i n g  t h e  s p e c i f i e d  nominal v a l u e s  and t h e i r  l i m i t s  r e s u l t s  
i n  t h e  ranges given i n  Table 3, t o g e t h e r  w i t h  t h e  computed r e s u l t s ,  
u s ing  r e a l  d a t a  d e v i a t i o n s ,  and d i s t r i b u t i o n s .  

A s  can be seen ,  t h e  experimental  m a t e r i a l s  i n  a l l  i n s t a n c e s  
exceeded t h e  c a l c u l a t e d  l i m i t s  i n  e i t h e r  d i r e c t i o n .  

Evaluat ion of i n d i v i d u a l  plaque d a t a  r evea led  no c o r r e l a t i o n  
between extreme values  of weight p e r  area and t r i p l e  plaque 
l o c a t i o n  w i t h i n  a given master plaque. However, aga in  i n  many 
i n s t a n c e s ,  pronounced t r ends  i n  changes of weight p e r  area 
v a l u e s  a c r o s s  t h e  su r faces  o f  t h e  master plaques and/or t h e  
upper and lower halves  were encountered. 

I .  
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TABLE 3 

Item 

WEIGHT PER AREA ANALYSIS OF PLAQUE MATERIAL 

Percentage  
S p e c i f i c a t i o n  Average 2 1 6  Below Within Above 

Ax1 10 5.77 7.83 6.86 .66 3 89 8 

A X 1 M  10 5.77 7.83 6.97 .57 1 91 8 

Ax2 10 5.77 7.83 7.24 .68 4 77 19  

AX1 20 12.18 14.95 13.49 1.17 10 79 11 

AX1 M 20 12.18 14.95 14.14 1.39 4 7 1  25 

GE Control  13.76 16.48 14.80 .15 0 100 0 

I 

I Weight pe r  a r e a  expressed i n  g dm- 2 
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3.5 S p e c i f i c  Pore Volume Determination 

3.5.1 Apparatus 

Ana ly t i ca l  balance 
S t e e l  s c a l e  
Lhomargy th i ckness  measurement device 

3.5.2 Procedure 

The weight and t h e  dimensions of t h e  sample plaques w e r e  determined 
as outlined before, 

3.5.3 R e s u l t s  

The s p e c i f i c  po re  volume of t h e  experimental  plaque materials 
w a s  n o t  e x p l i c i t l y  s p e c i f i e d  i n  t h e  procurement of t h e  materials. 
This  t e r m ,  however, plays an important r o l e  i n  c a l c u l a t i n g  t h e  
degree of po re  f i l l i n g  wi th  a c t i v e  material and can be r e l a t e d  
t o  u t i l i z a t i o n  e s t ima tes .  

Nominal va lues  of t he  s p e c i f i c  
l i m i t s  can be c a l c u l a t e d  as fo l lows ,  w i t h  

po re  volumes Vps and i ts  t o l e r a b l e  

Vp = pore  volume 

A = area of t h e  sample 

T = t h i ckness  of t h e  sample 

P = apparent p o r o s i t y  

D = apparent d e n s i t y  

?a = apparent s p e c i f i c  weight 

f r  = r e a l  s p e c i f i c  weight 

W = weight o f  t h e  sample 

S = weight p e r  area of t h e  sample 

= A x T x P  
vP 

Vp/A = V = T x P 
PS 

; P = 1 - D  

; T x ,Fa = W/A = S 
r 

I n s e r t i n g  t h e  corresponding nominal va lues  and t h e i r  l i m i t s  
r e s u l t s  i n  t h e  ranges of s p e c i f i c  pore volumes given i n  Table 
4 ,  t o g e t h e r  w i t h  t h e  c a l c u l a t e d  r e s u l t s ,  d e v i a t i o n s  and 
d i s t r i b u t i o n ,  
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As can be seen ,  t h e  experimental  m a t e r i a l s  exceeded t h e i r  upper 
l i m i t s  i n  a l l  cases, i n  some i n s t a n c e s  r a t h e r  cons iderably .  

A s  s t a t e d  p rev ious ly ,  no c o r r e l a t i o n  between extreme va lues  and 
o r i g i n a l  t r i p l e  plaque l o c a t i o n  were de tec t ed .  Kcwever , again  
pronounced t r ends  i n  changes of s p e c i f i c  po re  volume a c r o s s  t h e  
s u r f a c e  of  master plaques and/or  t h e i r  upper and lower ha lves  
w e r e  observed. 

A thorough eva lua t ion  o f  the i n d i v i d u a i  d a t a  o f  the experimentai  
p laques  r evea led  t h a t  t h e  s p e c i f i c  po re  volumes o f  a l l  plaques 
could very  w e l l  be brought i n t o  t h e  computable l i m i t s ,  p rovid ing  
t h a t  t h e  th i ckness  of t h e  experimental  p laques  w a s  reduced t o  
i t s  nominal va lue  o f  76 x 10-2 mm ( .030 inch) by a c a r e f u l l y  
r o n i t o r e d  compression. The r e s u l t s  of t h i s  a d d i t i o n a l  process ing  
s t e p  are  given i n  Table 5 and do no t  r e q u i r e  any comments. 
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TABLE 4 

SPECIFIC PORE VOLUME ANALYSIS OF PLAQUE MATERIAL 

Item Specification Average 2 1 6  Below Within Above 
____. 

AX1 10 6.32 7.35 7 .10  .19  0 

AX1 M 10 6.32 7.35 7 .02  .21  0 

90 10 

4 4 

Ax2 10 

AX1 20 

AX1. M 20 

6 .32  7.35 7 .39  .22  0 50 50 

5 .52  6.63 6 .51  .18 0 67 33 

5 .52  6.63 6 .31  .20  0 99 1 

GE Control 7.07 8.38 7.56 .16 0 100 0 

Specific pore volume expressed in cm3 dm-2 
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SPECIFIC PORE VOLUME OF COMPRESSED PLAQUE MATERIAL 

I t e m  

Percentage 

Specification Average 2 1 6 Below Within Above 

AX1 10 6.32 7.35 6.81 .08 0 100 0 

AX1M 10 6.32 7.35 6.82 .07 0 100 0 

Ax2 10 6.32 7.35 6.78 .08 0 100 0 

~ 

AX1 20 5.52 6.63 6.08 .13 0 100 0 

A X l - M  20 5.52 6.33 6.01 .15 0 100 0 

c 

*GE Control 7.07 8.38 7.56 2 .16  0 100 0 

Specif ic  Pore Volume expressed i n  cm3 dm-2 

* A l l  materials but GE Controls compressed to  nominal thickness of 76 mm 

- 14 - 



3.6 Porosimetr ic  Measurements 

3-6.1 Apparatus 

Aminco Winslow mercury i n t r u s i o n  porosimeter  w i t h  a .2 cm3 
penetrometer.  

3.6 .2  Procedure 

Samples were taken from t h e  t r i p l e  plaques des igna ted  f o r  t h e  
p h y s i c a l  t e s t i n g  program. Each sampie cons i s t ed  of  three c i r c u l a r  
punches wi th  a t o t a l  area of 2.11 cm2. 
taken from each t r i p l e  plaque wi th  t h e  punches evenly d i s t r i b u t e d  
a c r o s s  t h e  whole s u r f a c e  of t h e  plaque. 

Three such samples w e r e  

P r i o r  t o  t h e  Hg i n t r u s i o n  procedure,  t h e  d e n s i t y  of each Fample 
w a s  determined as o u t l i n e d  previously.  Then samples f o r  t h e  a c t u a l  
t e s t  w e r e  s e l e c t e d  so t h a t  t h e  whole spectrum of d e n s i t i e s  observed 
w a s  covered. 

The volume of mercury in t ruded  w a s  measured a t  a v a r i e t y  of abso- 
l u t e  p r e s s u r e s  and p l o t t e d  v e r s u s  po re  s i z e .  

3 .6 .3  R e s u l t s  

I n  Table  6 t h e  f i n a l  r e s u l t s  are given;  t h e  numbers r e p r e s e n t  
average va lues  c a l c u l a t e d  f o r  each material t e s t e d .  

A s  can be seen,  t h e  d i f f e r e n c e  between t h e  experimental  materials 
and t h e  c o n t r o l  ma te r i a l  i s  s t r i k i n g .  

I n  F igu re  2 ,  t y p i c a l  po re  s i z e  d i s t r i b u t i o n  curves are shown f o r  
t h e  materials t e s t e d  . 

3 . 7  I n t e r n a l  Surface Area Measurements 

3.7 .1  Apparatus 

Perkin-Elmer Sorptometer 212 C 
Leeds-Northrop Speedomax G r e c o r d e r  

3 .7 .2  Procedure 

Samples were t aken  from t r i p l e  plaques designated f o r  p h y s i c a l  
t e s t i n g .  Af t e r  being baked-out ove rn igh t  a t  l l O " C ,  t h e  adsorp- 
t i o n  and deso rp t ion  of a flowing n i t r o g e n  gas  stream wi th  helium 
as c a r r i e r  gas was measured. Th i s  procedure i s  a v a r i a t i o n  of 
the n r i g i n 2 l  RET methnd. 
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TABLE 6 

PORE SIZE ANALYSIS OF PLAQUE MATERIAL 

Pore Size 

Iter.: Average Density - 1~ Mean + 1 c  % vp> 100,M 

AX1 10 10.9 53 65 110 18 

A X 1 M  10 

Ax2 10 

11.5 

11.3 

56 

75 

70 

88 

128 

164 

22 

38 

AX1 20 

Ax1 1.1 20 

18.5 

21.4 

31 39 ' 76 12 

31 46 92 13 

~~ ~ ~ 

GE Control 14.2 8 14 20 0 
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3 . 7 . 3  R e s u l t s  

According t o  t h e  corresponding f i n a l  Huyck r e p o r t ,  NASA CR 54,777, 
pages 37 a n i  4 S ,  t h e  s p e c i f i c  s u r f a c e  areas of  t h e  plaque materials 
under cons ide ra t ion  were determined by means of  t h e  a i r  pe rmeab i l i t y  
method. 

The Ferkin-Elmer sorptometer  has  a s e n s i t i v i t y  o f  about  . 3  rn2, which 
would r e q u i r e  sample weights  of about 10 grams f o r  t h e  kind o f  
material on hand. As corresponding sample ho lde r s  w e r e  n o t  available,  
t h e  tests w e r e  conducted w i t h  samples of  s t anda rd  weights  of  
about one g r a m  No s i g n i f i c a n t  r e s u l t s  were obta ined .  

They were found t o  be i n  t h e  range of .03 t o  .06 m2 g-1. 

3.8 Meta l lographic  Examination 

3.8.1 Apparatus 

A Re iche r t  Zetopan microscope was coupled t o  a L e i t z  Ar is tophot  
camera w i t h  Po la ro id  f i l m  holder .  A L e i t z  s t e r o s c o p i c  microscope 
w a s  a l s o  used f o r  v i s u a l  examination. 

3.8.2 Procedure 

One sample o f  each type  of f i b e r  p laque  w a s  t aken ,  w i t h  a p i e c e  
o f  General Electr ic  Type VO nega t ive  plaque f o r  comparison, 
The samples were vacuum-impregnated w i t h  t r a n s p a r e n t  epoxy 
r e s i n  and given a normal meta l lographic  p repa ra t ion .  A l l  f i b e r  
plaque s e c t i o n s  were perpendicular  t o  t h e  f e l t i n g  p l ane ;  t h e  
GE p laque  w a s  c u t  l o n g i t u d i n a l l y  and perpendicular  t o  t h e  su r face .  
A photomicrograph i n  t h e  unetched cond i t ion  was taken a t  a magnifica- 
t i o n  of  X210. Th i s  was chosen t o  match t h e  magni f ica t ion  of  F igs .  
5 t o  8 ,  22 and 23 of NASA Report  CR-54777. 

3.8.3 R e s u l t s  

Fig.  3A shows a t y p i c a l  mic ros t ruc tu re  o f  General Electr ic  Type 
VO negal-ive p laque  a s  used c u r r e n t l y  f o r  f l a t  p l a t e  ce l l s ,  except  
t h a t  zhe s u b s t r a t e  c a r r i e r  s t r i p  does n o t  appear  i n  t h i s  s e c t i o n .  
Some v a r i a t i o n  i n  po re  s i z e  may be observed. 
p laque  samples (F igs .  3B t o  3F) a r e  a l l  much c o a r s e r  i n  both  
p a r t i c l e  s i z e  and po re  s i z e  than  t h e  GE sample. The d i f f e r e n c e  
between t h e  nominal ly  10% and 20% dense materials is  q u i t e  c lear ,  
bu t  t h e  d i f f e r e n c e s  wi th in  a nominal d e n s i t y  group are s l i g h t .  
Agreement w i t h  t h e  photomicrographs i n  NASA Report  CR-54777 i s  good. 

The Huyck f i b e r  

Exaninat ion of t h e  pol i shed  s e c t i o n s  w i t h  a low power s t e ro -  
microscope was found t o  be advantageous,  it be ing  p o s s i b l e  t o  
look through t h e  t r anspa ren t  r e s i n .  Under these cond i t ions ,  the 
AX1-modified 10% appeared t o  have t h e  most open s t r u c t u r e  sug- 
g e s t i n g  t h a t  i t  w a s  t h e  least  dense of  t h e  nominal ly  10% dense 
sampl es . 

- 18 - 



. 

i # .  
i -  
j -  



i - -  

FIGURE 3C M1CRC)STRUCTIIRE OF HUYCK FIEEX FETAL PLAQUE 
TkTE AX1-MODIFIED (10% DEXSE) x210 

m . 



FIRRE 3F MICROSTRUCTURE OF frVYCK FIBER FETAL PLAQUE 
x210 “ W E  AX! -MODIFIED (20% DEXSE) 
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3.9 Conclusions 

Nearly a l l  t h e  methods employed i n  t h e  i n v e s t i g a t i o n  of t h e  phys ica l  
p r o p e r t i e s  r evea led  s u b s t a n t i a l  inhomogenity i n  t h e  experimental  plaque 
materials . 

1. The mean th i ckness  values  were c l o s e  t o  t h e  s p e c i f i e d  upper 
l i m i t ,  and consequently,  l a r g e  p o r t i o n s  of t h e  experimental  materials 
were above t h e  l i m i t .  

2. The ~ ~ U P E  ebserved fer t h e  densities of ths eqerimental m ~ e r i a i s  
i n  many cases exceed e i t h e r  upper o r  lower s p e c i f i e d  l i m i t s .  

3. The weight p e r  a r e a  values  f e l l  l i k e w i s e  i n  many i n s t a n c e s  o u t s i d e  
t h e  computed l i m i t s .  

4. The s p e c i f i c  po re  volume w a s  g e n e r a l l y  too  high. However, a com- 
p r e s s i o n  of t h e  experimental  plaque m a t e r i a l s  t o  nominal t h i c k n e s s  
brought t h i s  term back w e l l  i n t o  t o l e r a b l e  l i m i t s .  

5. The mean p o r e  s i z e s  of t h e  experimental  plaque m a t e r i a l s  were 
found t o  be 3 t o  5 times g r e a t e r  than those of t h e  c o n t r o l  material. 
T h i s  f a c t  sheds s e r i o u s  doubt upon t h e  a p p l i c a b z l i t y  of t h e  experi-  
mental material as an  e l e c t r o d e  material. 

6. The s p e c i f i c  i n t e r n a l  s u r f a c e  area w a s  obviously too small t o  be 
d e t e c t e d  by t h e  gas  flow s o r p t i o n  method. Th i s  holds  t r u e  for both t h e  
experimental  and t h e  con t ro l  m a t e r i a l s .  

7 .  Microscopic i n v e s t i g a t i o n s  r e s u l t e d  i n  no unusual a s p e c t s .  

8. The f a c t  t h a t  t h e  eva lua t ion  of i n d i v i d u a l  t r i p l e  plaque d a t a  of t h e  
fou r  b a s i c  terms i n v e s t i g a t e d ,  r evea led  pronounced t r e n d s  i n  changes 
of t hose  values  a c r o s s  t h e  s u r f a c e s  of given master p l aques ,  seems t o  
i n d i c a t e  t h a t  t h e  manufacturing p rocess  c o n t a i n s  inhe ren t  v a r i a t i o n s .  
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4.0 IMPREGNATION AND ELECTROCHEMICAL CLEA?AT.NG 

4.1 General 

The o b j e c t i v e  of t h i s  p a r t  of t h e  programwas t o  f i n d  an optimum number 
of impregnation c y c l e s  for each of t h e  experimental  materials, and i n  connection 
w i t h  c a p a c i t y  test r e s u l t s ,  t o  determine t h e  in f luence  of t h e  degree of pore  
f i l l i n g  on t h e  electrochemical  u t i l i z a t i o n  of t h e  active material. 

According t o  F igu re  1, 20 out  of t h e  t o t a l  of 70 t r i p l e  plaques p e r  
kind of material were s e l e c t e d  for t h i s  p a r t  of t h e  program. They w e r e  
submitted to  from one to t e n  impregnation c y c l e s  i n  t h e  fol lowing mode: 

This  arrangement r e f l e c t s  t he  a n t i c i p a t e d  areas where optimum numbers 
of impregnation c y c l e s  might be expected. 

Inc lud ing  t h e  20 c o n t r o l  plaques,  a t o t a l  of 120 t r i p l e  plaques w e r e  
processed. 

4.2 Coining Operat ion 

Coining is  used as an expression for compacting c e r t a i n  areas of plaques 
i n  o r d e r  t o  make them less accessible for t h e  a c t i v e  materials. 
experience that coined plaque areas con ta in  o n l y  about 30% of t h e  a c t i v e  
material t h a t  would be found i n  the  same area i f  uncoined. 

It is a gene ra l  

The c o n t r o l  material was coined i n  t h e  f a c t o r y ,  while  a s p e c i a l l y  designed 
d i e  was used f o r  t h e  experimental plaques.  

rj 
t h e  schematic drawing on t h e  l e f t .  
The numbers given are i n  cen t ime te r s ,  

The e f f e c t i v e  area Aef f  can be 
c a l c u l a t e d  by measuring t h e  
uncoined p o r t i o n s  &pen and 
t h e  coined p o r t i o n s  Acoin and 
using t h e  equat ion 

Y 

‘Aeff %pen + 0 - 3  x Acoin 

This r e s u l t s  i n  va lues  of 68.1 cm2 f o r  t h e  experimental  and of 70.8 c m  2 
f o r  t h e  c o n t r o l  material. 

For p r a c t i c a l  cons ide ra t ions ,  t h e s e  va lues  can be assumed t o  be i d e n t i c a l .  

Regardless  of t h e  kind of experimental  plaque m a t e r i a l  submitted t o  t h e  
o p e r a t i o n ,  a t o t a l  f o r c e  o f  14.5 metric tons  was app l i ed  f o r  30 seconds On t h e  
51 cm2 s u r f a c e  t o  be coined. 

- 23 - 



4 . 3  Comm ing Oper 

The 
va lues  were g e n e r a l l y  too large.  However, i t  w a s  found t h a t  by compressing 
‘io t h e  nominal t h i ckness  of 76 x 10-2 l ~ p n  (.030 inch) t h e  s p e c i f i c  pore volumes 
o f  a l l  experimental  plaque m a t e r i a l s  could be brought back w e l l  i n t o  t h e  
c a l c u l a t e d  l i m i t s ;  compare Table 5. 

eva lua t ion  of s p e c i f i c  po re  volume d a t a  y i e lded  t h a t  t h e  numerical 

A r e c t a n g u l a r ,  open shim was machinedto t h a t  nominal t h i ckness  and then 
p u t  around t h e  plaque t o  be compressed. 
uncoined area of t h e  plaque was approximately 120 cm2. 
w -  pives - the forces applied or, that area in z e t r i c  tons and the length of 
a p p l i c a t i o n  t i m e  i n  seconds. 

The t o t a l  area of t h e  shim and t h e  
The fol lowing table 

Mater i a l  Force Time 

Ax1 10 
Axl-M 10 
Ax2 10 
Ax1 20 
AX1-M 20 

4.5 
4.5 
2.7 

14.5 
14.5 

5 
5 
5 

30 
30 

Spot checks proved t h a t  the o b j e c t i v e  of permanent compression w a s  
achieved. 

4.4 Coding Operation 

Each of t h e  three uncoined s e c t i o n s  of a t r i p l e  plaque w a s  permanently 
i d e n t i f i e d  by spot-welding t h r e e  coded 1.25 x . 8  cm n icke l  markers t o  appro- 
p r i a t e  l o c a t i o n s  of t h e  ad jo in ing  coined a r e a .  

Beside t h i s  i d e n t i f i c a t i o n  purpose,  t h e  markers were a l s o  intended t o  
s e r v e  as e l e c t r i c a l  t a b s  during t h e  p e r t i n e n t  capac i ty  test  s e c t i o n s  of 
t h e  program. 

Af t e r  a p p l i c a t i o n  of t h e  markers, t h e  plaques were re-weighed and t h e  
new plaque weights were recorded. 

4 - 5  Plaque Holder Design 

To f a c i l i t a t e  t h e  handling of t h e  plaques during t h e  impregnation process ,  
one w e l l - i d e n t i f i e d  t r i p l e  plaque of each kind of material comprised a group. 

The plaques w e r e  placed with t h e i r  upper r i m s  i n  a holder  c o n s i s t i n g  of an 
a r r a y  of small r e c t a n g u l a r  n i cke l  p l a t e d  m e t a l  p i e c e s  which could be t i g h t l y  
secured by n u t s  and b o l t s .  The d i s t a n c e  between two ad jacen t  plaques w a s  
about one cent imeter  which proved t o  be more than enough t o  prevent  any bui ld-  
up of d e p o s i t s  during t h e  impregnation. 

Each holder w a s  c l e a r l y  marked with t h e  number of impregnation c y c l e s  
a n t i c i p a t e d  f o r  i ts  plaques and i n  a d d i t i o n  c a r r i e d  t h e  l e t te r  A,  B, o r  C 
t o  d i s t i n g u i s h  among p a r a l l e l  impregnation runs. 

The design of t h e  holder  can be seen i n  Figure 4 .  
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4.6 Inpregnat ion Procedure 

I n i t i a l l y ,  i t  w a s  planned to  conduct t h e  impregnation of t h e  experimental  
m a t e r i a l s  i n  t h e  f a c t o r y  wi th  con t ro l  and r e g u l a r  product ion materials. However, 
tests wi th  advance samples and employing a d i f f e r e n t  plaque holder r evea led  t h e  
f a c t  t h a t  t he  experimental  plaques became extremely s t i f f  and b r i t t l e  i n  t h e  
cour se  of impregnation. The turbulency of t h e  p rocess ing  s o l u t i o n s  caused 
so many c racks  and breaks i n  the plaque material t h a t  a l a b o r a t o r y  bench type 
impregnation w a s  chosen in s t ead .  

I 

The condittons employed ~ e r e  e ~ s c t l y  the s m o  a s  ic the fec tory  precess. 
While processing d a t a  wi th  r e s p e c t  t o  t i m e s ,  temperatures and concen t r a t ions  
are o u t s i d e  t h e  scope of t h i s  c o n t r a c t ,  t h e  fol lowing flow s h e e t ,  P1A-PB-104, 
d e s c r i b e s  t h e  p rocess  s t e p s :  

An impregnation c y c l e  c o n s i s t s  of t h e  fol lowing s t e p s :  I 

1. Impregnation of t h e  plaques wi th  aqueous cadmium n i t r a t e  s o l u t i o n .  

2. A d r i p p i n g  phase t o  get  r i d  of excess  l i q u i d s ,  s p e c i f i c a l l y  from 
t h e  o u t s i d e  of t h e  plaques.  

3. Drying of t h e  plaques a t  e l eva ted  temperature.  I 

4. 
of a t reatment  of t h e  plaques wi th  h o t  sodium hydroxide s o l u t i o n .  

Converting of t h e  cadmium n i t r a t e  i n t o  cadmium hydroxide by means 

5. Washing w i t h  ho t  deionized w a t e r  t o  remove sodium n i t r a t e  and any 
excess of p r e c i p i t a t i o n  so lu t ion .  

6, Drying of t h e  plaques a t  e l eva ted  temperature. I 

The s t e p s  1 through 6 were r epea ted  as o f t e n  as necessary t o  treat a l l  
materials a s  planned. 

The s t i f f n e s s  and b r i t t l e n e s s  of t h e  experimental  materials as mentioned 
w i t h  t h e  advance samples was observed again.  F i r s t  s i g n s  of i t  appeared a f t e r  
t h e  f i r s t  d ry ing  ope ra t ion  and t h e  xiximum s t a t e  w a s  reached after n o t  more 
than t h r e e  complete c y c l e s .  The materials then  became so s t i f f  t h a t  touch- 
i n g  them w i t h  a n i c k e l  s p a t u l a  produced a d i s t i n c t  metal l ic  sound. 

The e x t e n t  o f  t h e  b r i t t l e n e s s  acquired can be seen i n  t h e  f a c t  t h a t  an 
a c c i d e n t a l  dropping of t h e  holder #7C r e s u l t e d  i n  t h e  t o t a l  l o s s  of t h r e e  
experimental  plaques due t o  breakage, and i n  damage t o  t h e  two o t h e r  expe r i -  
mental plaques of t h i s  ho lde r .  The corresponding c o n t r o l  plaque survived 
t h i s  mishap without any damage. 
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TITLE: FLOW CHART 
ELECTROCHEMICAL CLEAN PHASF - ECIAL Pi ATFS 

ELECTROCHEMI GAL CLEAN PHASE (P4A-PB-103) 

1. MECHAN I CAL BRUSH I NG 

2. CHARGE HIGH RATE I N  SOLUTION 

3.  WASH DElONl ZED WATER - ELEVATED TEMPERATURE 

4. D I  SCHARGE Hi GH RATE I N SOLUTION 

5. WASH DEIONIZED WATER - ELEVATED TEMPERATURE 

6. DRY - ELEVATED TEMPERATURE 



- -  

4.7 Electrochemical Cleaning 

In t h e  p r e p a r a t i o n  of t h e  program, i t  w a s  i n i t i a l l y  planned t o  perform 
t h e  electrochemical  c l e a n i n g  of t h e  experimental  and c o n t r o l  materials us ing  
manufacturing p rocess  f a c i l i t i e s .  
t i o n  of t he  advanced samples became a v a i l a b l e ,  it w a s  decided t o  s u b s t i t u t e  
n o t  on ly  t h e  impregnation i n  t h e  f a c t o r y ,  bu t  a l s o  t h e  c l ean ing  of t h e  materials 
i n  t h e  f a c t o r y  by a l a b o r a t o r y  bench type  process .  

However, when t h e  r e s u l t s  of t h e  impregna- 

I n  essence,  t h e  electrochemical  c l ean ing  p rocess  c o n s i s t s  of a sequence 
of ruec’nanicai brushings of che impregnated p l aques ,  a charge and d i scha rge  
regime, and an extended washing procedure.  The c u r r e n t  involved w a s  ad jus t ed  
t o  t h e  amounts of a c t i v e  material p r e s e n t  i n s i d e  t h e  plaques i n  o rde r  t o  
avoid any damage t o  t h e  ma te r i a l  due t o  excess ive  c u r r e n t  d e n s i t i e s .  The 
e l ec t rochemica l  c l ean ing  flow s h e e t ,  P1A-PB-103, fol lows:  

The o b j e c t i v e s  of t h e  electrochemical  c l ean ing  are manifold,  namely: 

1. 
of brushings.  

It i s  a mechanical c leaning of t h e  o u t s i d e  of t h e  plaques by means 

2. It i s  a removal of loose p a r t i c l e s  of a c t i v e  materials from t h e  
i n t e r i o r  by means of r e g u l a t e d  gas  evo lu t ions .  

3. It is a cons ide rab le  r educ t ion  o f  t h e  i n h e r e n t  n i t r a t e  c o n t e n t r a f  
t h e  active material by means of e l ec t rochemica l  r e d u c t i o n  and s imple 
washings. 

4. and f i n a l l y ,  i t  is  the f i r s t  s t e p  of t h e  formation p rocess  of t h e  
e l e c t r o d e  m a t e r i a l s .  

It w a s  found t h a t  t h e  plaques l o s t  between 0.1 and 0.3 grams i n  weight 
du r ing  t h e  c l ean ing  process.  

Furthermore,  and even more important ,  it w a s  observed t h a t  a t  l ea s t  
p a r t i a l l y ,  t h e  i n i t i a l  f l e x i b i l i t y  of t h e  experimental  materials w a s  r e s t o r e d .  
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4 
P I  A - PB-104 

B A f T E l T  I I I O D I C T  S E C T l O l  ?R#CES8 

TITLE: FLOW CHART 
I MFREGNATI ON PHASE - SPEC1 AL PLATES (NEG) 

IMPREGNATION PHASE (PSA-PB-105) . 

1. 

2. DRI P EXCFSS! VE SOLUT!ON 

3.  DRY AT ELEVATED TEMPERATURE 

I MPREGNATE SI NTERED PLAQUES W I  TH SOLUTl ON 

4 .  CONVERSI ON OF RES I DUAL MATER1 AL FROM NI TRATE 
TO HYDROXIDE 

5 .  WASH DEIONIZED WATER - ELEVATED TEMPERATURE 

6 .  DRY PLAQUES - ELEVATED TEMPERATURE 



4.8 R e s u l t s  

The impregnation procedure w a s  conducted without  s i g n i f i c a n t  difficulties, 
and both experimental  and c o n t r o l  materials developed on ly  t r a c e s  of  ouzs ide  
s cal ing  . 

I n  one i n s t a n c e ,  e.g., dur ing t h e  t e n t h  impregnation c y c l e  of t h e  plaqves 
i n  holder  10B, a heavy f a l l - o u t  of active material from t h e  plaques of t h i s  
ho lde r  w a s  observed du r ing  t h e  f i r s t  moments of t h e  washing process.  
phenomenon seems ts be t h e  reason f o r  t h e  d i sc repanc ie s*  o f  weight when 
i d e n t i c a l  pIaque materials from h o l d e r s  1 0 A  and 1033: r e s p e c t i v e l y ,  arc covpared. 

This  

The accumulated g a i n s  i n  weight f o r  each plaque material and each 
impregnation c y c l e  are given i n  Table  7 ,  and where a p p l i c a b l e ,  t h e  average 
va lues  f o r  p a r a l l e l  runs  were computed. 

Considering t h e  f a c t  t h a t  accumulated g a i n s  i n  weight f o r  each plaqzc 
material were determined by using a v a r i e t y  o f  d i f f e r e h t  samples a t  each 
impregnation c y c l e ,  t h e  v a l u e s  obtained appear t o  be q u i t e  reasonable .  

Table 8 c o n t a i n s  t h e  same d a t a  i n  a d i f f e r e n t  form of p r e s e n t a t i o n .  
Here t h e  g a i n s  i n  weight pe r  impregnation c y c l e  are l i s t e d  f o r  each m a t e r i a l .  

I n  t h e  extreme r i g h t  column of  t h e  table t h e  incremental  g a i n s  i n  weight 
f o r  each'impregnation c y c l e  a r e  l i s t e d  for t h e  GE c o n t r o l  material; where 
a p p l i c a b l e ,  t h e  averages of Table 7 have been employed. 

With t h e  except ion of t h e  cyc le s  7 and 8,  r e s p e c t i v e l y ,  t h e  d e c l i n i n g  
sequence observed i s  t y p i c a l  f o r  t h e  c o n t r o l  material. Such a d e c l i n e  i s  
n a t u r a l l y  expected,  because t h e  a v a i l a b l e  po re  volume, i . e . ,  t h e  volume of  
p o r e s  no t  y e t  f i l l e d  w i t h  a c t i v e  m a t e r i a l ,  i s  dec reas ing  w i t h  t h e  number o f  
impregnation c y c l e s  accomplished. 

The s l i g h t  break i n  t h e  normal sequence, however, can be explained by 
t h e  f a c t  a l r e a d y  mentioned t h a t  d i f f e r e n t  samples had t o  be used a t  each 
impregnation cycle .  

Assuming tha'- t h e  behavior of t h e  c o n t r o l  material is  considered t o  be 
normal,the d a t a  o f  Table 8 have been used t o  make up F i g u r e  5. 

By and l a r g e ,  t h e  impregnabi l i ty  of t h e  experimental  plaques followed 
t h e  behavior of t h e  corresponding c o n t r o l  material. Y e t ,  it appears  t h a t  a 
cer ta in  incons i s t ency  occurred on and around t h e  f o u r t h  impregnation cyc le .  
A t  t h a t  ve ry  p o i n t ,  t h e  incremental  i n c r e a s e s  of ga in  i n  weight dropped 
considerably.  

The d a t a  of Table 7 have been used i n  c a l c u l a t i n g  t h e  degree o f  po re  
f i l l i n g ,  i.e., t o  compare t h e  percentage t o  which t h e  a v a i l a b l e  po re  volume 
is f i l l e d  w i t h  e l ec t rochemica l ly  a c t i v e  cadmium hydroxide. 
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TABLE 7 

Number of 
Impregnations 

1A 

2A 

3A 

4A 
4B 
Avg . 
5A 
5B 
Avg . 

ACCUMULATED GAINS IN WEIGHT (grams) AFTER ELECTROCHEMICAL CLEANING 

6A 
6B 
6C 
Avg . 
7A 
7B 
7c 
Avg . 
8A 
8B 
8C 
Avg . 
9A 
9B 
Avg . 
1OA 
1OB 
Avg . 

Ax1 10% 

2.00 

4.12 

6.60 

7.97 
7.74 
7.86 

9.10 
9.25 
9.18 

10.16 
9 -81  
9.42 
9.79 

11.53 

- 

- 

- 

io.6a 
- - 

11.07 

11.83 
11.79 
11.84 
11.81 

13.11 
12.78 
12.94 

12.92 
12.84 
12.88 

- 

- 

- 

A X l M  10% 

2.23 

4.28 

6.53 

7.81 
8.57 
8.19 

9.41 
9 18 
9.30 

10.32 
9.82 

10.16 
10.09 

11.06 
11.54 
11.11 
11.23 

11.78 
12.70 
12.34 
12.26 

12.94 
12.90 
12.92 

14.00 
12.56 * 
13.28 

- 

A 

- 

- 

- 

- 

- 

Ax2 10% 

1.86 

4.34 

6.28 

8.10 
7.89 
8.00 

8.94 
9.53 
9.24 

10.15 
10.67 
10.17 
10.32 

11.50 
11.26 
11.27 
11.33 

12.22 
12.03 
11.99 
12 .  OI 

13.29 
11.92 
12.57 

13.50 
13.41 
13.45 

- 

- 

- 

- 

- 

- 

- 
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Ax1 20x 

2.39 

4.93 

6.96 

7.96 
8.32 
8.14 

9.61 
9.46 
9.54 

10.96 
10.47 
10.40 
10.60 

11.60 
11.41 

11.51 

12.60 
12.14 
12.36 
12.35 

12.80 
12.53 
12.66 

12.81 
12.17 
12.49 

- 

- 

- 

- 

- 

- 

- 

Axm 20% 

2.44 

4.78 

7.32 

8.50 
8.58 
8.54 

10.05 
9.18 
9.62 

10.46 
10.69 
1Q. 68 
10.60 

11.84 
12.11 

11.98 

12.96 
13.49 
12.35 
12.91 

13.35 
13.90 
13.62 

14.92 
13.27 * 
14.10 

- 

- 

- 

- - 

- 

- 

- 

GE 

2.56 

4.90 

6.66 

8.06 
8.09 
8.08 

9.13 
9.00 
9.07 

9.73 
10.32 
10.11 
10.04 

10.63 
10.42 
10.70 
10.57 

11.59 
11.42 
11.20 
11.39 

12.05 
11.72 
11.88 

12.42 
12.32 
12.37 

- 

7 

- 

- 

- 
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TABLE 8 

iNCiWE”1AL GAINS I N  WEIGHT (grams) AFTER EECTROCHEMICAL CLEANING 

Number of 
Impregnations AX1 10 

1 2.00 

2 2 .12  

3 2.48 

4 2.38 

5 1 . 3 2  

6 .41 

7 1 .28  

8 .74  

9 1 .13  

10 - .06 

AX1-M 10 

2.23 

2.05 

2.25 

1 .66  

1.11 

.79 

1 .14  

1.03 

-66  

.26 

AX2 10 

1.86 

2.48 

1 .94  

1.82 

1 .24  

1 .08  

1 .01  

.74 

.50 

.88 
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Ax1 20 

2.39 

2.54 

2.03 

1.18 

1.40 

1.06  

.91 

.84 

.31 

- .17  

AX1-M 20 

2.44 

2.34 

2.54 

1 .22  

1 .18  

.98 

1 .38  

.93 

.71 

.48 

GE- Cont ro 1 

2.56 

2.34 

1.76 

1 .42  

.99 

.97 

.53  

.82 

.49 

.49 
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I n  computing the  numerical v a l u e s  of pore f i l l i n g ,  which a r e  given 
i n  Table 9 ,  t h e  fol lowing assumptions were made: 

1. The s p e c i f i c  weight of t h e  cadmium hydroxide p r e c i p i t a t e d  w i t h i n  
t h e  pores of t h e  plaque m a t e r i a l s  i s  t h e  same as t h e  average l i t e r a t u r e  
V ~ L C ~ C  of 4.8 g r  cm-3. - - - i .  - 

2. 
S e c t i o n  4.2 ,  page 2 3 , .  of  t h i s  r e p o r t .  

The e f f e c t i v e  a r e a s  of plaques can be expressed as o u t l i n e d  i n  

3 .  The a c t u a l  s p e c i f i c  pore volume V v a l u e s  of t h e  plaque materials 
are i d e n t i c a l  with t h e  average v a l u e s  observed. PS 

4 .  
are t y p i c a l  f o r  t h e  plaque materials. 

The average of accumulated g a i n s  i n  weight ,  as given i n  Table 7 ,  

I n  F igu re  6 ,  t h e  average values  of degree of pore f i l l i n g  f o r  each 
of t h e  nominal d e n s i t i e s  i n v e s t i g a t e d ,  i . e . ,  experimental  plaques wi th  
1 0  and 20% d e n s i t y ,  r e s p e c t i v e l y ,  and GE c o n t r o l  material ,  are p l o t t e d  
v e r s u s  t h e  number of impregnation c y c l e s .  

A s  can be seen  from t h i s  f i g u r e ,  f o r  each type of m a t e r i a l  t h e  degree 
of pore f i l l i n g  i s  approaching a t e rmina l  v a l u e  w i t h  i n c r e a s i n g  number of 
impregnation c y c l e s .  
t h e  incremental  i n c r e a s e s  i n  pore f i l l i n g ,  and hence i n  t h e  g a i n s  of weight 
of a c t i v e  material, do not c o n t r i b u t e  t o  any l a r g e  e x t e n t  beyond 7 o r  more 
impregnation c y c l e s .  

Due t o  the asymptot ic  c h a r a c t e r  o f  t h i s  approach, 

Therefore ,  both f o r  p r a c t i c a l  and economic r easons ,  a n  ex tens ion  
of impregnation c y c l e s  beycnd seven can ha rd ly  be j u s t i f i e d .  

4 . 9  Conclusions 

The fol lowing conclusions p e r t a i n i n g  t o  t h i s  p a r t  of t h e  program can 
be drawn: 

1. 
s t i f f n e s s  during t h e  f i r s t  few impregnation c y c l e s .  
b r i t t l e n e s s  made t h e  handling r a t h e r  d i f f i c u l t  azid i t  took g r e a t  
c a r e  t o  avoid breakage. 

A l l  of t h e  experimental  plaques developed an extreme and permanent 
The r e s u l t i n g  

2. The impregnation behavior o f  t h e  experimental  m a t e r i a l s  was 
d i f f e r e n t  from t h e  one of the c o n t r o l s .  The r a t h e r  smooth d e c l i n e  
i n  incremental  ga ins  i n  weight w i th  i n c r e a s i n g  number of impregnation 
c y c l e s  w a s  replaced by sudden change from high t o  low g a i n s ,  around 
4 and 5 impregnation cycles .  

2 El-... 1. LL ,..---I : - - - L - *  
L u L  U ~ L l l  ~ A ~ C L L U C L I L ~ L  and c o n i r v i  materiai  i t  couid be shown 

t h a t  a d d i t i o n a l  impregnation c y c l e s  i n  excess  of seven y i e l d  only 
small incremental  ga ins  i n  weight.  
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w -  

Number of 
Impregnations 

2 

3 

4 

5 

6 

9 

10 

44x1 LO 

9 

19 

30 

35 

41 

44 

50 

53 

58 

58 

TABLE 9 

DEGREE OF PORE FILLING IN P- 

A x l - M  10 

io  

19 

29 

37 

42 

45 

51 

55 

58 

60 

m i o  

8 

19 

28 

36 

42 

46 

51 

54 

57 

60 

f f i  20 

12 

25 

3s 

41 

54 

58 

63 

64 

64 

63 

Axl-H 20 

12 

24 

37 

43 

49 

54 

61 

65 

69 

72 

GE - 
10 

19 

26 

31 

35 

39 

41 

44 

46 

48 
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5 .0  AEROSPACE FORMATION 

5.1 General 

Upon completion of the electrochemical cleaning process and after 
the determination of the final gains in weight, the plaques were sub- 
mitted to a special treatment referred t o  as "Aerospace Formation Process." 

Essentially, this treatment is an extended electrochemical cleaning 
The objectives of this procedure are: performed as a batch process. 

1. To continue the cleaning of the impregnated material 

2. To continue the formation of the material 

3 .  To characterize the plate material for comparison with 
design requirements. 

5.2 Procedure 

On the attached flow charge, P1A-PB-105, the points pertaining to 
the current program are grouped as follows: 

5.2.1 Assembly Steps 

1. 
described in Section 4 . 4 ,  Coding Operation, page 24, of this 
report. 

Serializing of the plates has already been done and was 

2. Storing of the plaques in desiccators took place between 
the end of the cleaning process and the start of assembling 
into test cells 

3 .  The test cells referred to as temporary cells were as 
follows: 

Case and cover: Nylon 
Terminals : Nickel plated steel 
Counter electrode: U-shaped nickel metal sheet 
Separator: U-shaped corrugated perforated PVC 

The design is shown in Figure 7. 
was connected to the positive terminal of the cover, then 
the test electrode was wrapped in the separator and the 
electrode/separator package slipped into the U-shaped counter 
electrode. The test electrode was then tightly clamped to 
the negative terminal of the cover utilizing one of the 

The nickel counter electrode 

coded markers rr.eI?tic?cec! prevf=us?y as cori tact  areas. 

4 .  The electrodes/separator assembly was checked for proper 
aligiunent and for possible short circuits before it was 
slipped into a clearly identified case. 
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FIGURE 7 

/ Cover 

Test Electrode 

DESIGN OF TEMPOIC Y TEST CELL 
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B A T T € R V  ? R O B U C T  S t C t l O l  ?ROCL11S 
TITLE: FLOW CHART (EXCERPT FROM P1A-PB-101) 

AEROSPACE FORMAT I ON - SPEC I A L  PLATES 
1 

ASSEMBLY STEPS (P23B-PB-101 A N D  P14A-PB-106) 

1. SERIALIZE PLATES 

2. CONTROL STORAGE 

3 .  ASSErniE iEiFC;iikRY CELLS 

4. I NSPECT t TEST TEMPORARY CELLS AND ASSEMBLI ES 

5. ADD TEMPORARY CELL ELECTROLYTE 

ELECTRICAL PROCESSING (P3B-PB-103) 

1. REVERSE CHARGE NWBER 1 

2. FOWARD CHARGE NLIMBER 1 

3. DISCHARGE N W E R  1 

4. REVERSE CHARGE N W E R  2 

5. FORWARD CHARGE N W E R  2 

6. DISCHARGE N W E R  2 

7. REVERSE CHARGE N W E R  3 

CONCLUDING STEPS (P4B-PB-101) 

1, 

2. DISCARD ELECTROLYTE AND REMOVE TEMPORARY HARDWARE 

3. WASH PLATES (ELEVATED TEMPERATURE DEIONIZED WATER) 

4. REASSEMBLE TEMPORARY CELL 

5. FILL WITH ELECTROLYTE 

EVALUATE DATA FOR ACCEPT/REJECT DEC I S I  ONS 

- 
I 



. -. 

5. 
tion was added to each cell, enough to cover the electrodes 
completely, The cells were then allowed to stand overnight 
for soaking the electrodes with electrolyte. 

150 ml of 31% by weight aqueous potassium hydroxide solu- 

6 .  
and the cells were connected in series for charge and dis- 
charge as test groups. 

Appropriate wiring for potential monitoring was provided 

5.2.2 Electrical processing 

The currents used during the second charge and discharge 
periods were calculated based on the average gains in 
weight of the plaques of a given test group. A utiliza- 
tion of 90% of theoretical capacity was assumed f o r  the 
electrochemically active materials. 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

Reverse Charge No. 1 - Performed at the C/10 rate until 
reversal of all electrodes was achieved. 

Forward Charge No. 1 - A charge of the active materials 
at C/10 rate applying a considerable amount of overcharge. 

Discharge No. 1 - A monitored discharge at the C/2 rate 
f o 1 lowed by 

Reverse Charge No. 2 - A deep discharge into reversal 
using a rate of approximately C/20 

Forward Charge No. 2 - A repetition of Charge No. 1 

Discharge No. 2 - A repetition of Discharge No. 1 

Reverse Charge No. 3 - A repetition of reverse charge No. 2 

5.2.3 Concluding steps 

1. Evaluating of data 

2. Dumping of the formation electrolyte 

3 .  Washing of the plates 

4 .  Re-assembly of temporary cells 

5. Refilling of  the cells with 31% by weight aqueous potassium 
hydrmi.de sc lu t ion  . 
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5.3 Resul ts  

I n  Table 10 the  t h e o r e t i c a l l y  expected capac i t i e s  i n  mAhrs a r e  
given f o r  a l l  plaques. These va lues  were ar r ived  a t  by mult iplying 
the  corresponding weights of ac t ive  ma te r i a l ,  given i n  Table 7 ,  with 
t h e  conversion f a c t o r  of 366 for  weight of a c t i v e  mater ia l  i n  grams 
i n t o  capac i ty  i n  mAhrs. 

The column on the  extreme r i g h t  of Table 10 contains  the  test  
group designat ions 0, I, 11, I11 and I V ,  r espec t ive ly ,  and the  average 
t h e o r e t i c a l  capac i ty  of a l l  plaques of a given tes t  group. 

The next  Table 11 contains the  percentage of capac i t i e s  a c t u a l l y  
obtained during the  formation process.  The l k f t  p a r t s  of boxes show 
the  percentage obtained a t  Discharge No. 1, while the  r i g h t  par ts  show 
those percentages obtained during Discharge N o .  2. 

It might be noted here ,  t ha t  i n  case  of t he  t e s t  groups I11 and I V ,  
r espec t ive ly ,  not a l l  plaques submitted t o  the  formation process were 
monitored f o r  p o t e n t i a l  and capaci ty  during t h i s  phase. The respec t ive  
loca t ions  i n  Table 11 a r e  marked with a s t e r i s k s ,  these  c e l l s  were only 
hooked up t o  the  monitoring s y s t e m  when t h e  capac i ty  t e s t i n g  s t a r t e d .  

An evalua t ion  of t h e  da ta  i n  Table 11 revea l s  t he  following f a c t s .  

1. F i r s t  Discharge Values 
A l l  materials developed a f l a t  maximum of u t i l i z a t i o n  of t h e  

a c t i v e  mater ia l  i n  t h e  range of 6 t o  8 impregnation cyc les  appl ied.  

2. Second Discharge Values 
The s a m e  observations as i n  the  f i r s t  cycles  were made. 

3 .  F i r s t  vs. Second Cycle 

seem t o  p r e v a i l  
D i s t i n c t i v e  d i f fe rences  between experimental and con t ro l  material 
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TABLE 10 

THEORETICA CAPACITIES I N  mAhr AFTER ELECTROCHEMICAL CLEANING 

Number of Theoretical 
Impregnations AX1 10 AX1-M 10 AX2 10 AX1 20 AX1-M 20 GE Group Capacity 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

7 30 8 20 6 80 880 890 940 0 

1510 1570 1590 1800 1750 1790 0 

2420 2390 2300 2550 2680 2440 1 

2920 2860 2970 2910 3110 2950 2,400 

2830 3 140 2890 3050 3140 2960 11 

3330 3440 3270 35 20 3680 3340 3,400 
3390 3360 3490 3460 3360 3290 

~ ~~ ~~- 

37 20 3780 37 20 4010 3830 3560 
3590 3590 3910 3830 3910 3780 
3450 37 20 3720 3810 3910 3700 I I1 

3,920 
4230 4050 4210 4250 4330 3890 
3880 4220 41 20 4180 4430 3810 

- 4070 4130 - - 3920 

4330 4310 4970 4610 4730 4240 
43 20 4650 4400 4440 4940 4180 
4330 45 20 4390 45 20 45 20 41 00 

IV 
4,630 

4800 47 40 4860 4690 4890 4410 
4680 47 20 4360 4590 5090 4290 

47 30 5120 4940 4690 5460 4550 
47 00 4600 4910 4450 5860 4510 

8 No electrochemical tests required 
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TABLE 11 

UTILIZATION OF ACTIVE MATERIAL IN PERCENT 

Number of 
Impregnations AX1 10 AX1-M 10 AX2 10 

1 

2 
No Electrochemical 

Test 
GE Group AX1 20 AXl-M 20 

Testing Required 0 

3 

4 

~ - ~~~ 

75 79 74 72 79 80 74 77 75 77 74 73 

73 77 75 79 76 82 70 67 74 79 73 79 
I 

5 

76 73 80 79 79 77 76 75 76 76 77 76 

77 75 79 77 76 74 75 74 77 77 76 76 
83 82 83 82 77 76 81 80 80 78 83 81 

I1 

6 

7 

8 

9 

10 

* - 87 80 92 85 - - 
87 77 - - - 86 79 82 82 

- 89 83 * 79 74 86 80 - 
89 82 * 89 82 * 83 77 * 
89 82 90 83 * 

I11 

89 83 86 80 86 83 
4 91 80 81 75 4 4 87 82 

84 76 86 77 86 80 83 78 * * 
- * * * - 82 79 
* 89 82 86 75 76 73 87 82 80 81 

* 86 79 85 78 86 80 86 80 82 75 IV 
86 78 * - a * * 
86 79 * - * 74 70 81 73 

- - 5; * * - 

Jk = Formation without monitoring - -  - Non-formed spare samples 
4 = :Lost samples 
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1. Experimental mater ia l  

(1) I n  t e s t  group I ,  i n  8 out  of 10 ins tances ,  the  second 
discharge resu l ted  i n  a b e t t e r  u t i l i z a t i o n  of t he  a c t i v e  ma te r i a l .  

(2) I n  t e s t  group 11, the u t i l i z a t i o n  during discharge No. 2 
was a few percentage points  l e s s  than the  one during discharge No. 1. 

(3) Test groups I11 and I V  revealed a pronounced downward trend 
from discharge No; L to dischirge Ee. 2. 

2. Control inaterial 

(1) 
during both formation discharges.  

T e s t  groups I, 11, and I11 showed about the  same u t i l i z a t i o n  

(2) 
with 8 cycles  appeared to  be r a t h e r  s t a b l e .  

This behavior was s imi la r  i n  test  group I V  where ma te r i a l  

(3) The mater ia l s  impregnated 9 o r  10 t i m e s  showed decreases 
i n  u t i l i z a t i o n  comparable t o  those  of t h e  corresponding experi-  
mental material. 

Combining the  per ta in ing  data of Table 9, i . e . ,  degree of pore f i l l i n g ,  
with those of  Table 11, i .e. ,  u t i l i z a t i o n  of a c t i v e  materials, permits 
t h e  p l o t t i n g  of t he  u t i l i z a t i o n  as a funct ion of the  pore f i l l i n g .  The 
r e s u l t s  a r e  presented i n  Figure 8. 

The f l a t  cha ra t e r  of the  max ima  observed seems t o  be real, i . e . ,  
regard less  of t h e  plaque mater ia l  s tud ied ,  t h e  u t i l i z a t i o n  of t he  a c t i v e  
material i s  l a r g e l y  independent of t h e  amount of a c t i v e  mater ia l s  deposited 
i n s i d e  the  porous e lec t rode  s t ruc tu re .  

This seems t r u e  f o r  t he  ranges inves t iga ted  even i f  one considers  
t h a t  sample numbers were small for each poin t  of the  diagram. 

5.4 Conclusions 

The following pe r t inen t  conclusions could be drawn f o r  t h i s  p a r t  
of t h e  program: 

1. Regardless of t he  na ture  of the  plaque material t h e  second d i s -  
charge provided a lower u t i l i z a t i o n  of t he  a c t i v e  material when the  
number of impregnation cycles increased ., 
2. Considering each cycle  for i t s e l f ,  a f l a t  maximum of the  u t i l i z a t i o n  
of t h e  a c t i v e  material a t  seven impregnation cyc les  could be observed. 

3 .  I n  general ,  these  maximums were reached a t  a degree of pore f i l l i n g  
of 40 - 50 percent of the  t h e o r e t i c a l l y  ava i l ab le  pores.  
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6.0 CAPACITY TESTING 

6.1 General 

The o b j e c t i v e s  of t h i s  p a r t  of t h e  progsam were as foilows: 

1. To o b t a i n  add i t iona l  information about t h e  c o r r e l a t i o n  betveen 
u t i l i z a t i o n  of active material and the  degree of pore  f i l l i n g  o f  
t h e  plaques.  

2. To i n v e s t i g a t e  the  r e p e t i t i v e  cyc l ing  behavior of t he  plaque 
m a t e r i a l  a t  a v a r i e t y  of d i scharge  c u r r e n t  d e n s i t i e s .  

I n  o rde r  t o  g e t  as  nuch informiition as poss ib l e  i n  t h e  s h o r t  t i r x  
x a i l a b l e ,  severe  test  condi t ions  were s e l e c t e d .  One has  t o  keep i n  
r:,ind t h a t  t h e  a c t u a l  t e s t i n g  of t he  ma te r i a l s  i s  the  o b j e c t i v e  of 
Phases I1 and 111, respec t ive ly ,  of t h e  program. 

5 .2  T e s t  Equipment 

B a s i c a l l y ,  t h e  experimental  se t -up  cons is ted  of two p a r t s ,  namely: 

1. The c u r r e n t  c i r c u i t r y  

2. The p o t e n t i a l  monitoring system 

6.2.1 Current c i r c u i t r y  

Cells assigned t o  a p a r t i c u l a r  t es t  group were e l e c t r i c a l l y  
connected i n  s e r i e s ,  and by means of t imer-cont ro l led  r e l a y s ,  
were submitted t o  r egu la r  charge,  d i scharge ,  and res t  per iods .  

D i rec t  cu r ren t  f o r  charging and d ischarg ing  of t he  c e l l s  
was provided by r e c t i f y i n g  the  AC l i n e  and was regula ted  by 
means of ad jus t ab le  r e s i s t o r s .  I n  essence,  t h i s  system 
permit ted a cons tan t  c u r r e n t  ope ra t ion .  The monitoring 
of t he  discharge c u r r e n t s  revealed t h a t  dur ing  t h e  l a te r  
phases of t h e  discharge per iod t h e  cu r ren t  dropped below 
nominal va lues  due t o  i n t e r n a l  r e s i s t a n c e  inc reases  i n s i d e  
t h e  cells  of a tes t  group as soon a s  t h e  p a r t i c u l a r  ce l l s  
were discharged and dr iven  i n t o  r eve r se .  

However, i n  a l l  i n s t ances  t h e  c a l c u l a t i o n  of  c a p a c i t i e s  
discharged was p o s s i b l e  because the  changes of d i scharge  
cu r ren t  as a func t ion  of s t a t e  of charge of t h e  b a t t e r y  
could be c a l i b r a t e d .  
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6.2.2 P o t e n t i a l  monitoring equipment 

Two independent systems were employed simultaneously f o r  
monitoring t h e  test c e l l  vo l t ages ,  namely: 

1. A continuous recording of the b a t t e r y  vo l t age  of t h e  
cel ls  of a p a r t i c u l a r  test group during t h e  d ischarge  
per iod .  ThSs t o t a l  vo l t age  w a s  fed i n t o  a c h a r t  recorder ,  
t h e  s e n s i t i v i t y  of which w a s  ad jus ted  s o  t h a t  t he  completed 
d ischarge  of any t e s t  c e l l  appeared as a d i s t i n c t i v e  break 
i n  t h e  vo i t age  ve r sus  t i m e  curve.  I n  t h i s  manner a permanent 
record a s  t o  t h e  t i m e  of any d ischarge  was provided. 

2. 
c e l l  of a given test  group. For t h i s  purpose each c e l l  
could be ind iv idua l ly  connected t o  a vol tmeter  by m e a n s  
of a manually operaced s e l e c t o r  swi tch .  This system per- 
mi t ted  t h e  record ing  of t h e  c e l l  vo l t age  a t  any des i r ed  
t i m e  . 

An occas iona l  measuring of t h e  v o l t a g e  of each s i n g l e  

By t h e  combined u t i l i z a t i o n  of bo th  systems t h e  l eng th  of 
t i m e  requi red  t o  discharge a given ce l l  could be e s t ab l i shed  wi th  
an  accuracy of b e t t e r  than 1%. 

The test  cells employed i n  t h i s  p a r t  of t h e  program were 
t h e  same as descr ibed earlier i n  Sec t ion  5.2.1,  Aerospace Formation. 

6.3 T e s t  Procedure 

6 .3 .1  Current and t i m e  requirements 

The c u r r e n t s  f o r  charging and d ischarg ing  t h e  ce l l s  of a 
given test group were ca l cu la t ed  based upon the  average t h e o r e t i c a l  
capac i ty  of t h a t  group and cons ider ing  c e r t a i n  requirements pe r t a in -  
i ng  t o  o t h e r  p a r t s  of t h e  program. 

The lengths  of t i m e  f o r  which t h e s e  c u r r e n t s  were appl ied  
were es t ab l i shed  by one o r  more of  t h e  fol lowing condi t ions :  

1. A t  a cons tan t  charge c u r r e n t ,  a s u f f i c i e n t  amount of 
charge and overcharge had t o  be re turned  t o  t h e  c e l l s .  

2. The amount of charge removed from any c e l l  during t h e  
cons tah t  cu r ren t  d i scharge  per iod had t o  be g r e a t e r  than  t h e  
p r a c t i c a l l y  a v a i l a b l e  capac i ty ,  i . e . ,  a l l  c e l l s  of a tes t  group 
had t o  be # r iven  i n t o  reverse .  

2 .ma +,+*-I l f i . . -+L.  ,c *-.-- f-- -L _ _ _ ^ _  > 2 - - 1 - - - - -  4 .  LwLUl I C L 1 5 L L I  LUUC L V L  L L I ~ L ~ ; ~ ,  u i sc i iarge ,  and rest 
per iods  of a cyc le  was kept  t o  e i t h e r  8, 12,  o r  18 hours ,  
thus  a reoccurrence of events  t o  be observed a t  e a s i l y  
pred ic ted  t i m e s .  

The numerical rates f o r  c u r r e n t s  and t i m e s  are given i n  
Table 12 with c u r r e n t s  i n  mA and t i m e s  i n  hours.  
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TABLE 12 

CAPACITY TEST OPERATING CONDITIONS 

'ch Tch 'dch Tdch %est 
Test Group Mode 

475 5 640 3 - 
400 6 320 6 - 
400 6 160 12 - 
475 5 640 3 - 

I1 High 

Medium 

LOW 

High 

660 5 880 3 

550 6 660 6 

550 6 220 12 

660 5 880 3 

I11 High 

Medium 

Low 

High 

- 

800 5 1,100 3 - 
800 5 550 6 1 

800 5 275 12 1 

800 5 1 , 100 3 - 
Iv High 

Medium 

Low 

High 

960 5 1,300 3 - 
960 5 650 6 1 

960 5 3 25 12  1 

960 5 1.300 3 - 
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6.3.2 Number of cycles 

The c e l l s  were cycled a t  a given discharge current for  a 
su f f i c i en t ly  great  number of cycles so  tha t  a quasi- 
s ta t ionary capacity s t a t e  was reached. 

6.3.3 T e s t  sequence 

A s  can be seen from Table 12 ,  the  discharge currents were 
applied i n  the sequence high, medium, low, and high repeated. 

I n  the  course of tes t ing ,  test groups I11 and I V ,  respectively,  
were simultaneously cycled p r io r  t o  the  t e s t ing  of group I 
and 11. However, for  reporting purposes, t h i s  order w i l l  
be reversed. 
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6.4  Resul ts  

6.4.1 Capaci t ies  and u t i l i z a t i o n  of a c t i v e  mater ia l  

For approximately 40% of the  cycles  performed, t he  capac i ty  
discharged was calculated f o r  each test c e l l .  These cyc les  
were evenly d i s t f ibu ted  over the  e n t i r e  length of t he  test 
program and a thorough check of t he  permanent records of t h e  
paper c h a r t s ,  see sec t ion  6.2.2, revealed t h a t  this quota 
was more than s u f f i c i e n t  t o  cover t h e  changes of performance 
as they occur as funct ion of t i m e  and discharge cur ren ts .  

Instead of presenting the  experimentally observed capaci ty ,  
the  corresponding u t i l i z a t i o n  f a c t o r s  are given, i .e.,  t h e  
r a t i o  of capaci ty  being discharged t o  t h e  ca lcu la ted  capaci ty  
based upon t h e  gains i n  weight observed. The advantage of 
t h i s  form of presentat ion i s  t h a t  i t  permits t he  d i r e c t  com- 
par ison of d i f f e r e n t  e lec t rode  mater ia l s  and d i f f e r e n t  amounts 
of a c t i v e  mater ia l .  This even holds t r u e  f o r  a l l  t h e  test 
groups under considerat ion,  inasmuch as t h e  cu r ren t s  appl ied 
were based upon the average t h e o r e t i c a l  capaci ty  of t he  
members of a group. 

The following th ree  t a b l e s  contain t h e  u t i l i z a t i o n  f a c t o r s  
f o r  a l l  cells  tes ted  and they a re -g iven  i n  percent of  t h e  
ind iv idua l  i n i t i a l  t h e o r e t i c a l  capaci ty  of each cell .  The 
values  shown are for  t he  f i r s t  and las t  cycle  of a given 
charge-discharge regime. 

I n  present ing these numbers, a d i f f e r e n t i a t i o n  with regard 
t o  t h e i r  r e l i a b i l i t y  was made as follows: 

- Pla in  numbers ind ica te  t h a t  t h e  c e l l  was completely discharged 
wi th in  t h e  time a l lo t ed  f o r  the  discharge period. 
followed by a + sign i n d i c a t e  t h a t  t he  apparent U t i l i z a t i o n  
was g rea t e r  than calculated as the  cells  were not  completely 
discharged. 

Numbers 
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TABLE 13 

Impreq. Run Material 

ETILXZATIOE T'XCTOXS 
IN PERCENT OF TEST GROUP I AND I1 MATERIALS 

3 A 1- 10 
M- 10 
2- 10 
1- 20 
M- 20 
GE 

4 A 1- 10 
M- 10 
2- 10 
1- 20 
M- 20 
GE 

4 B 1- 10 
M- 10 
2- 10 
1- 20 
M- 20 
GE 

5 A 1- 10 
B 
A M- 10 
B 
A 2-10 
B 
A 1- 20 
B 
A M- 20 
B 
A GE 
B 

High 

1 16 

69 
59 
72  
61 
64 
7 2  

55 -t 
56+ 
54;- 
57 
61+ 
6 4 i  

70  
69 
7 1  
65 
65 
69 

7 1  
76 
7 2  
7 4  
68 
7 3  
69 
7 0  
7 1  
70  
7 3  
76  

57 
5 1  
49 
57 
6 2  
59 

65 
68+ 
66+ 

63+ 
66+ 

51  

51 
56 
51  
57 
57 
59 

59 
7 0  
60 
66 
52  
74+ 
7 3+ 
7 5+ 
63 
62  
56 
5 7+ 

Medium Low High 

17 29 30  38 39 5 4  

6 4  x 55 55 50  42  37 
52 45 47 42  36 29 
53  38 40 32  26 20 
6 2  55 57 54 48 43 
67-t-x 63  7 0  55 47 42  
67 62 66 64  53 47 

5 5:sx 6 4  6 2  57 48 40 
67-F~ 6 4  65 62  5 2  51 
64xxx66-t 64+x 65 5 2  50+ 
56 5 2  55 49 42  38 
61+xx 55 6 1  59 50 43  
65- 67+ 65+ 66 61+ 46 

5 4  46 49 47 40 34 
58  50  54 49 43 45 
53 45 56 x 45 38 30 
60  54  58 56 50 47 
59 54  58 55 48  46 
65 59 68 59 56 50 

63  7 1  
72+x 59 
6 2  56 
724-x 57 
55 45 
70- 57 
69-t-x 56 
7 0 - t ~  60 
66+=60 
70+x 6 2  
6 2  58 
6 3  58 

73-t.x 64  
62 58 
60 57 
61  6 1  
49 45 
64 x 58 
61 59 
65 6 1  
63  60  
65 58 
66 66 
63  67 

53 46 
49 4 4  
49  45 
49 44 
38 36 
48  38 
50 48 
53 49  
53 47 
52 48 
57 49 
57 47 

.. 
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TABLE 14 

UTILIZATION FACTORS 
I N  PERCENT OF TEST GRUUP 111 MATERIALS 

High Medium Low High 

Impreg. Material 1 18 1 9  30 31 43 44 62 

6 A 
B 
C 
A 
C 
A 
C 
B 
C 
B 

1- 10 67 58 
7 1  59 

M- 10 7 0  59 
2- 10 69 59 

72 59 
1- 20 7 4  65 

66 59 
M- 20 69 59 

7 0  61  
GE 68  57 

7 A 1- 10 
B 
A M- 10 
B 
C 
A 2- 10 
B 
C 
A 1- 20 
B 
A M- 20 
B 
A GE 
B 
C 

7o-t 63+ 
7 1  62 
66 60 
70’r 6% 
7 1  65+ 
7M- 63+ 
7 1  643- 
64 61 
63 57 
71+ 63+ 
66 61+ 
67+ 6 o t  
68 57 
68 58 
68 56 

68 60 
69 62 
71 67 
70 87+ 
71 87+ 
76 87+ 
68 61 
72 83-4 
72 67 
69 64 

77+x 76-t 
74 67 
71 61 
77+x 76+ 
80+ 79+ 
77+x 77+ 
79;x 78+ 
79+x 61  
65 59 
78+ 77+ 
68 65 
73+ 734- 
66 60 

73 61 
71- 65 

62 54  
65 57 
77 63 
8I+x 55 
79 63 
81+x 67 
64 79+ 
77” 62 
714- 71-r- 
64 7 9 ;  

714 7 1-:- 
70 62 
64 54 
7 1 i  68 
74+ 62 
71+ 66 
73+x 49 
69 67 
62 55 
71+ 72 
6%- 63 
68+ 68-t 
66 64 
22 68  
69 67 

50 44 
54 48 
56 57 
52 45 
55 44 
63 62+ 
7% 78+ 
60 54 
60 55 
62 53 

70+x 55 
58 52 
56 46 
70tx 48 
59 44 
62 x 55 
52 41 
51  43 
53 50 
64 x 52  
59 52  
67 x 67-t 
59 48 
62 52  
61  67+ 
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TABLE 15 

Impreg. 

8 A 
A 
B 
C 
A 
c 
A 
B 
C 
A 
C 
A 
B 
C 

9 B 
A 
B 
A 
A 
B 
A 
B 
A 
B 

10 B 
A 
B 
A 
B 
A 
B 
A 

UTILIZATION FACTORS 
ENT OF TFST GROUP I V  MATERIAL 

Material 

1- 10 
M- 10 

2- 10 

1- 20 

M- 20 

GE 

1- 10 
M- 10 

2- 10 
1- 20 

M- 20 

GE 

1- 10 
M-10 
2- 10 
1- 20 

M- 20 

GE 

High 

1 18 

7 0  
7 0  
6 4  
7 3  
7 0  
7 1  
7 2  
65 
67 
69 
7 3  
6 4  
68 
69 

7 2  
7 0  
68 
7 2  
7 3  
68 
7 2  
66 
66 
67 

7 0  
66 
67 
63  
76 
64 
68 
67 

72+ 
7 3-t. 
61 
65 
7 w  
72+ 
68+ 
61 
60 
66+ 
62  
54  
52  
59 

6 74- 
66+ 
6 6+ 
65+ 
68 
6 8 t  
6LFt 
57 
53 
57 

88+ 
6 1+ 
64+ 
62 
704- 
5 7+ 
65+ 
55 

Medium 

19 30 

8w-x 81 
9Di-x 70 
75 81+ 
83 84+ 
86+x 851- 
88+x 86+ 
844-x 7 4  
73  66 
7 4  68 
82+x 7 1  
77 84+ 
73 66 
7 1  66 
82 7 3  

83i-X 81-t 
82+x 8 W  
82+ 8 0 t  
79+ 78+ 
84tx  7 2  
84+x 8 3  
7 9 . x  77+ 
76+ 743- 
7 0  66 
75 69 

8 2 t x  81+ 
75+ 74+' 
79+x 77+ 
78+ 76 
874-X 81 
71+ 69+ 
8Otx 78-4- 
7 2  66 

Low 

31 43 

77 8-P 
68 60 
76+ 66 

79+ 69 
81+ 69 
75  66 
67 61 
68 61 
69 66 
78+ 77 
69 65 
69 66 
69 7 1  

78+x 7 1  

76+ 77+ 
75+ 6 4  
75+X 60 
7 3  7 4 t  
7 3  65 
77+ 64 
72+ 7 3  
7 o t  7ot- 
68 66 
7 1  67 

65+X 664- 
6!Hx 59 
72tX 61-t 
7 3  x 56 
8W BO+ 
65+ 66+ 
7 0  62 
7 0  67 

High 

44 62  

65 7G-k 
58 50 
63 x 50 
7 0  x 52 
68 x 52 
67 x 53 
68 55 
63 56 
61 53 
65 48  
75 x 54 
61 53 
65 48 
67 48  

7 1  X 50 
64 X 53 
61 49 
67 X 68+ 
64 55 
64 5 4  
73-tX 51 
7W 5 1  
64 46 
65 48  

65 53 
60 X 44 
68 X 67" 
61 45 
81-'-x 5 1 

64 X 40 
63 44 

66+ 49 
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The fact that a ce l l  was not completely discharged does not 
necessarily mean that its capacity is considerably greater than 
those of comparable partners. It was observed that a high 
numerical value of "apparent" utilization factor was almost 
always related to a peculiar voltage behavior of the correspond- 
ing cell. At the bekinning of the discharge the potential of a 
good test electrode was about .22 volts more positive than that 
of the freely hydrogen gassing inert counter electrode. This 
difference in potential was slowly increasing as schematically pre- 
sented in the following table. 

% of Discharge Time 

0 
25 
50 
75 
90 
98 
100 
101 

Difference in Potential 

- 2 2  
.25 
.29 
-33 
.35 
a 40 
.50 
1.60 

However, in the cases of extremely high utilization this 
potential vs time schedule was not followed. Those cells showed 
potential difference even at the end of the scheduled discharge 
time as if they were only discharged for 25% of their capacities. 
Upon charge the same Cells developed voltages which were considera- 
bly higher than those of normally behaving ce1ls.l 

This deviating behavior was soon to be discovered as caused 
by internal high resistance short circuits due to cadmium migCation 
and depositing of residues between the electrodes and on the bottom 
of the cells. 

This short circuiting could be overcome, at least temporarily, 
by a disassembling of the cell and a careful removal of those deposits. 
The number of times a particular cell had to be cleaned during a given 
charge-discharge tegime is marked by x-marks. 
unusually high utilization values are in general followed by one 
or more of these markings. 
tion brought capacity and utilization factors back in line with 
those of comparable cells. However, as mentioned above, in some 
cases only temporarily. 

As can be seen, 

Successfully performed cleaning opera- 

1. However, during the intial high discharge rate period, those cell.: nf t e s t  
group I which received four impregnations were an exception to these rules. 
The current requirements for that particular test group were based upon the 
lower theoretical capacities of the plaques which received three impregnation only. . 
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As can be seen froin t h e  t a b l e s ,  t h e  u t i l i z a t i o n  of t h e  a c t i v e  
material  was s t e a d i l y  decreasing wi th  inc reas ing  number of cyc le s  
accumulated wi th in  a giver1 charge-discharge regime. A decrease i n  
t h e  d ischarge  r a t e  was always followed by an immediate, b u t  t r a n s i e n t  
recovery of t h e  u t i l i z a t i o n  f a c t o r s ,  so  t h a t  t h e  genera l  downward 
t rend  was not  broken. 
t i o n  o f  t he  i n i t i a l  hJgh discharge c u r r e n t s ,  t h e  lowest  u t i l i z a t i o n  
rates ever were observed. 

When t h e  t e s t i n g  was concluded wi th  a r e p e t i -  

When t h e  transient r ecove r i e s  upon decrease  of  d i scharge  
c u r r e n t  are neglec ted ,  t h e  o v e r a l l  performance of a l l  materials i n  
a l l  test groups can  e a s i l y  be  presented as done i n  the fcllewing 
Figures  9, 10, and 11, respec t ive ly .  Here t h e  averages of t h e  
i n i t i a l  and f i n a l  u t i l i z a t i o n  f a c t o r s  f o r  each o r i g i n a l  plaque 
matertal i n  each tes t  group ace p l o t t e d  ve r sus  t h e  number of cyc le s  
acquired ~ 

With t h e  except ion of t h e  10% dense plaques wi th  a r e l a t i v e l y  
low loading of a c t i v e  material, t h e  u t i l i z a t i o n  of a l l  experimental  
and c o n t r o l  p l a t e s  dropped almost uniformly from an i n i t i a l  va lue  
of 70% t o  a f i n a l  one i n  the  v i c i n i t y  of 50%- 

Considering t h e  loss of active material from t h e  p l a t e s ,  
a process  which i s  i d e n t i c a l  t o  a r educ t ion  i n  t h e o r e t i c a l  capac i ty  
of t h e  r e speu t ive  cel ls ,  t he  f i n a l  u t i l i z a t i o n  f a c t o r s  had t o  be  
co r rec t ed .  
"corrected." The l o s s e s  of a c t i v e  material and i n  t h e o r e t i c a l  
capac i ty  were experimental ly  determined by reweighing t h e  washed 
and d r i e d  p l a t e s  upon completion of t h e  r e s p e c t i v e  test phases.  

They are shown i n  t h e  appropr i a t e  p o s i t i o n s ,  marked 

I f  one assumes t h a t  t he  l o s s  of a c t i v e  material and t h e  
redkct ion  i n  t h e o r e t i c a l  capac i ty  was d i s t r i b u t e d  evenly over  t h e  
t o t a l  l ength  of t e s t i n g  t i m e ,  t h e  i n t e r e s t i n g  observa t ion  can be 
made  t h a t  t he  u t i l i z a t i o n  rate as such has  not  changed s i g n i f i c a n t l y  
over t h e  t i m e .  of t e s t i n g .  

6.4.2 Material l o s s  and c leaning  c o r r e l a t i o n  

I n  the  fol lowing Table 16, t h e  percentage of l o s s e s  of active 
material from t h e  p l a t e s  are presented .  The numerical  va lues  g iven  
are average tmnbers f o r  t h e  e l ec t rodes  assigned t o  a given tes t  group. 
It can b e  seen from t h e  t a b l e  t h a t :  

1 .  
as h igh  as those  of t h e  c o n t r o l  GE material 

X!e average l o s s  of a l l  experimental  materials are twice 

2. 10% dense experimental  material encountered g r e a t e r  loss 
than  t h e  corresponding 20% dense plaques.  

3 .  The g r e a t e s t  l o s ses  occurred wi th  10% dense l i g h t l y  loaded plaques.  

4 .  The lowest l o s ses ,  bes ide  t h e  GE c o n t r o l s ,  w i t h  heav i ly  loaded 
20% dense material 

5. I t e m  2-10 as a group l o s t  more than  50% of i t s  i n i t i a l  active 
material when l i g h t l y  loaded. 
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Material 

1- 10 

M- 10 

2- 10 

TABLE 16 

TESI  GRWJP AL’ERAGES FOR LOSS OF ACTIVE MATERIAL 
I N  PERCENT OF INITIAL VALUES 

Test Group 

I Ei  I1 I I1 I V  T o t a l  A v e r a g e  

41 

38 

54 

27 24  31  

27 26 30 

35 34  41 

All 10 44 30 28 34  

1- 20 

M- 20 

24 26 

26 23 

20 

19 

23 

23 

All 20 25 25 20 23 

All Experimental 37 28 25 30 

G,E 15 14 12 14 
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The final Table 17 shows how the number of necessary cleaning 
operations 0 2  cells was distributed among plaque materials and test 
groups. The nost striking observaticn is the ext~emely small number 
of cleanings which was necessary in case of the cells containing GE 
control compared to those with expericental material. 

Recalling the &act that the controls lost about half the 
perczntage of a c t i v e  materials of irhar: of experimentais, this 
indicates that a given cell design can cope with a limited amount 
of freely moveable active material before the cell is rendered 
inoperable due  to internal short circuits. 

6.5 Conclusions 

These following conclusions pertaining to this part of the program 
could be drawn: 

1. The application of identical capacity test conditions resulted in 
different performance of the experimental and control material with 
respect to losses of active material from the plates. 

2. 
mental material can be attributed'to their different pore size 
distribution, rlhich obviously favors the cadmium migration. 

The heavier losses of active material encountered by the experi- 

3 .  The losses of active materials resulted in a series of internal 
high resistance short circuits which could at least temporarily be 
overcome by a careful cleaning of the experimental cells. This 
treatment is certainly not applicable'to sealed cells. 

4 .  The utilization of active material observed were about the same 
for experimental and control materials, and showed a steady decline 
with increasing number of charge-discharge cycles. 

5 .  However, when the losses of theoretical capacity due to losses 
of active 17-aterial were taken into consideration, the interesting 
fact was revealed that the utilization of the active material still 
within the pores of the plaques was hardly changed at all with 
increasing number of cycles. 
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TABLE 17 

NUMBER OF CELL CLEANINGS 

Item I & I1 111 I V  Total 

1- 10 

M- 10 

2- 10 

All 10 

1- 20 

M- 20 

All 20 

6 2 

2 2 

7 6 

13 

13 

21 

15 1c 22 47 

- 
2 2 6 10 

6 1 6 13 

8 3 1 2  2 3  

All Experimental 23 13 34 

GE 

- ~~ 

3 2 C 0 L 
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1 7 0 GEBBRAL CONGLG'S IONS 

1, 'Ihe i n v e s t i g a t i o n  of phys ica l  p r o p e r t i e s  revea led  t h a t  cons iderable  
I p a r t i o n s  c f  311 f i v e  expermental ma te r i a l s  d id  not  conform t o  t h e  s p e c i f i c a t i o n  

of the  m a t e r i a l  procurement L1 

2 -  Prorlr,lmced t rends  i n  char?ges of phys i ca l  p r o p e r t i e s  acrass t h e  su r faces  
of t h e  so -ca l l ed  master plaques r e s u l t e d  i n  an  unusual ly  wide spreading of d a t a  
compared t o  t h e  corresponding values  of t h e  c o n t r o l  material. 

3 .  The t w G  po in t s  j u s t  nrentioned, seem t o  i l l u s t r a t e  t h a t  t h e  manufactur- 
i n g  process f o r  tlir exptr menial plaques has i nhe ren t  inhomogenities when plaques 
of i / 2  cr 1 square €oa t  s i z e ,  r e s p e c t i v e l y ,  are involved.  

4 .  --n the  course of t h e  impregnation procedure t h e  experimental  mater ia l  
became extremely s t i f f  and b r i t t l e  and r equ i r ed  g r e a t  ca re  i n  handl ing.  However, 
rrhe previous f i e x i b i l i t y  was p a r t i a l l y  r e s t o r e d  by the  e lec t rochemica l  c l ean ing .  

5. The  most significant and unfavorable dev ia t ion  of p r o p e r t i e s  from 
t b o s E  cf  t h e  cor l t roi  nateri3.l i s  bel ieved t o  b e  t h e  l a r g e r  mean pore s i z e s  
and d i f f e r s n t  ove ra l l  pore  s i z e  d i s t r i b u t i o n  of t h e  experimental  material .  

5. Consequently, thEse l a rge r  pores  obviously favored the  inhe ren t  
cadniium migra t ion  which i n  t u r n  led t o  g r e a t e r  l o s ses  of a c t i v e  material from 
t h e  experimental  plaques,  followed by a g r e a t e r  number ol high r e s i s t a n c e  s h o r t  
c i r c u i t s  w i t h i n  the  experimental  c e l l s  under i d e n t i c a l  test cond i t ions .  

7 .  The u t i l i z a t i c n  of the  a c t i v e  material  w a s  about t h e  same f o r  both 
experimental  and c o n t r o l  material. A r a t h e r  f l a t  max5mum of t h i s  u t i l i z a t i o n  
f a c t o r  c m l d  be  observed when t h e  pores were f i l l e d  t o  between 40 and 50% 
of t h e i r  t h e o r e t i c a l  volume. This w a s  o r d i n a r i l y  achieved wi th  seven inipregna- 
t i o n  cyc ie s  under the  p e r t a i n i n g  condi t ions  chosen. 

8.  With inc reas ing  number of ope ra t ing  c y c l e s ,  the  u t i l i z a t i o n  f a c t o r s  
of a l l  p l a t e  ma te r i a l s  were cons t an t ly  decreas ing  and no s i g n i f i c a n t  d i f f e r e n c e s  
could be  observed. 

. 

9 .  When f i n a l  f a c t o r s  of u t i l i z a t i o n  of a c t i v e  materials w e r e  c a l c u l a t e d ,  
c o r r e c t i n g  f o r  loss  of a c t i v e  ma te r i a l  encountered i n  the  course of t e s t i n g ,  
i t  was  observed t h a t  t he  u t i l i z a t i o n  of t h e  m a t e r i a l  s t i l l  i n s i d e  t h e  pores  
of t h e  p l a t e s  had ha rd ly  changed at a l l  dur ing  the  t e s t i n g .  

10. The experimental  matsriais inves t iga t ed  d id  not  show any s i g n  of 
s u p e r i o r i t y  c0n;pari.d t o  the c u r r e n t l y  a v a i l a b l e  c o n t r o l s .  
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8.0 RECOPMENDATIONS 

Based upon the findings of Phase I of the program, we have 
recommended not to start with the processing of plaque material 
designated for Phases I1 and 111, respectively. 

Instead, an extension of the testing program of Phart I was 
suggested using the well-characterized material on hand under a 

The result of this study will definitely prove whether or not the 
experimental materials have any prospects in the field of negative 
electrodes €or the nickel-cadmium couple. 

Var$etp Qf pOrP IQktdiEga, Cl?rrer?C regi9leS Sad $9ptkZac=r arr9;lgeZieGtS. 
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9.0 APPENDIX 

9.1 Compression Study 

The different pore size distribution of experimental and control 
noterial was the obvious reason for the large losses of active material 
from the fiber plaques. 

A s  a possible remedy for this deviation a compression of the plaque 
material was suggested. The degree of that compression certainly had to 
exceed the one used to uniformize the specific pore volumes. In order to 
investigate this possibility, AXl-lO% and AX1-20% plaque material, respectively, 
were chosen for a consecutive compression. 
reductions in thickness and submitted to porosimetric measurements as 
described in Section 3.6.2. 

Samples were taken at predefined 

The results of this treatment are shown in Figures 12 and 13. As 
can be seen, the compression resulted in the expected reduction in pore 
volume with decreasing plaque thickness. However, the mean pore size, 
i.e., the inflection point of the curve, was only slightly shifted towards 
the smaller region. 

For comparison, the test was repeated with GE control material. In 
this case the compression resulted not only in a reduction in overall 
pore volume but also in an equivalent shift in mean pore size from 13 1-1 
to about 6 pi 

This different response to the same treatment seems to indicate that 
profound differences exist inside the porous structures of the experimental 
and control material. 
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