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1.0 INTRODUCTION 

A wet tantalum capacitor test program was initiated by the Viking Project 
Office (VPO) .- Langley Research Center (LRC) in 1973 to obtain additional 
dnformation on characteristics of the wet tantalum capacitor (slug and foil 
types) in seliected Viking ripple current applications. This test program was 
conducted jointly between Flight Instrument Division (FID) at LRC, and Martin 
Marietta Corporation (MNC). 
reports the results of all testing. Volume I1 refers specifically to the silver 
migration analysis effort. 

This report is Volume I1 of a two-volume set which 

1.1 Background 

In late 1972 NASA MSFC organized a team to investigate wet slug capacitor 
failures experienced in the Apollo Telescope Mount (ATM) system tests. Repre- 
sentatives from VPO and MMC were invited to participate in this investigation. 
Due to the similarity of ATM circuit applications in which the wet slug capacitor 
failed and Viking wet slug circuit applications, several concerns were identified 
relative to the wet slug capacitor in Viking applications. 
specifically to the part were: 

The concerns related 

A .  The electrical gerformance characteristics of the Viking wet slug 
capacitor over extended periods of time in a ripple current application. 
data is presented in Volume I. 

This 

B. 
i.e., a capacitor subjected to long-term operating conditions at a low dc 
bias level and subsequently failing to perform correctly at a dc bias level 
approaching or equal to the rated level due to the extended low level operating 
level. This data is presented in Volume I. 

The possibility of a "memory" effect within a wet slug capacitor, 

C. The internal silver migration characteristics within the capacitor 
as a function of ripple current applications. This analysis is the subject 
of this volume. 

The decision to acquire an insight into these concerns through additional 
testing of the wet tantalum capacitor was motivated by the following key factors: 

o Significant usage of the wet tantalum slug capacitor in the Viking 
Lander design: 118 circuit applications, 77 of these under some 
magnitude of ripple current. 

o Very limited data and considerable theory and opinion in the aero- 
space industry on the application of wet tantalum capacitors (slug 
and foil) under extended time periods of ripple current. 

1 



1.2 Test Objective 

The specific objective in the Volume I1 MMC portion of the wet tantalum 
capacitor test program is to conduct an internal analysis of wet slug capaci- 
tors selected from the test specimens utilized in the electrical performance 
testing for an evaluation of silver migration characteristics. 

1.3 Summary 

The major observations from the internal silver analysis are as follows: 

A .  All wet tantalum capacitors contain some silver in the electrolyte 
and in the porous anode. 

B. The silver present in the capacitor in general exceeds that predicted 
by the solubility constant of the principal silver salt, silver sulfate Ag2SO4. 

C. A constant positive dc bias on the anode will reduce the silver levels 
in the electrolyte. 

D. The Viking ripple levels did not generally raise the silver content. 
While some large increases were noted, they do not correlate well with the 
ripple current exposure. 

E. Capacitors with silver on the anode were indistinguishable electrically 
from other units. 

2 



2 . 0  SAMPLE DESCRIPTION 

Samples w e r e  as f o l l o w s :  

A. The main samples  f o r  t h i s  a n a l y s i s  p r i m a r i l y  were Genera l  E l e c t r i c  
MIL-C-39006 CLR65 s t y l e  c a p a c i t o r s .  
w i t h  a porous  t a n t a l u m  anode p rocured  i n  two s i z e s ,  Case I1 and 111. There  
were 69 u n i t s  i n  t h i s  g roup .  
of t h e  t es t  samples  as n o t e d  i n  s e c t i o n  2 .1 ,  Volume I. During t h e  a n a l y s i s  
of t h e s e  f a i l u r e s ,  s e v e n  c a s e  s i z e  1 c a p a c i t o r s  were ana lyzed  and t h e i r  d a t a  
is  a l s o  i n c l u d e d .  

These are n o n - s o l i d  e l e c t r o l y t e  u n i t s  

V i b r a t i o n  f a i l u r e s  w e r e  e x p e r i e n c e d  on some 

B. Two b a t h t u b  c a p a c i t o r s  from MSC. One a f a i l e d  u n i t  and t h e  o t h e r  an 
unused s t o c k  u n i t .  These u n i t s  c o n t a i n e d  16 c a p a c i t o r s ,  each  i n  a para l le l  
bank. These were a p p r o x i m a t e l y  s i z e  I1 u n i t s .  

C.  Ten ST90D-38A Sprague  u n i t s  from a long- t e rm r e l i a b i l i t y  tes t  T i t a n  
I n v e r t e r ,  p l u s  f i v e  i d e n t i c a l  l o t  d a t e  u n i t s  from MMC s t o c k .  The a p p l i c a t i o n  
i n  t h i s  case i n v o l v e d  a s u b s t a n t i a l  r i p p l e  l e v e l .  

3 



3.0 INTERNAL SILVER ANALYSIS 

3.1 Description of Test Article 

The capacitors utilized in this testing program were General Electric 
wet slug tantalum capacitors in case sizes I1 and 111. These were procured 
to the CSV39006 Drawing. 

The heart of this component is a porous sintered tantalum anode. When 
a very thin insulating film is grown over the hi.gh surface area of the anode 
and contact is made using a conductive electrolyte, a capacitor with very 
high capacitance per unit volume/weight is possible. Anodes are produced by 
pressing a mixture of powdered high purity tantalum powder and an organic 
binder into a cylindrical shape and inserting a piece of tantalum wire into 
one end. The units are then prefired to drive off the binding agent in a 
vacuum oven. Sintering is done in a special furnace to fuse at their contact 
points all the grains of tantalum, This produces a porous slug with high 
surface area. 

Numerous variables determine the degree and size of porosity achieved 
and desired. 
anodes are made using different grades of tantalum powder with differing 
particle size distributions; different sintering temperatures and time dur- 
ations to vary the degree of  sintering achieved, and finally, differing anode 
weights and press densities, and hence, size to vary the surface area achieved. 

To achieve a given capacitance, voltage and anode size, the 

Sintered anodes are placed in an electrolyte bath and voltage slowly 
applied, keeping below a certain voltage level to oxidize the tantalum into 
tantalum pentoxide (Ta205). The voltage is increased to the desired level and 
current allowed to flow until the Ta2O5 has formed to the point where insu- 
lation resistance on each unit is in the megohms and resultant leakage currents 
are in the order of pic0 amps. The resultant TazO5 film is quite thin, result- 
ing in an optical thin film interference color which is characteristic of the 
forming voltage and temperature used. As the film i s  formed electrochemically 
it is very uniform in thickness and hence color providing a useful indicator of 
the surface conditions. Where the film is thin, a different color appears and 
provides an easy method to detect the location of "breakdown" or damage sites. 
The actual leakage on each sample varies constantly, due to an effect known 
as "sintillation", in which the film is dynamically reforming in minute 
locations. Over a long period of time the film becomes more stable and 
reformation sites less numerous, leading to a slow but steady reduction in 
the average leakage current. 

4 



The fo rm of t h e  grown f i l m  i s  amorphous. A c r y s t a l l i n e  form i s  p o s s i b l e  
b u t  n o t  d e s i r e d ,  due t o  h i g h e r  l e a k a g e  c u r r e n t s  i n h e r e n t  t o  t h e  m a t e r i a l .  
C r y s t a l l i n e  a r e a s  a r e  c o l o r l e s s  due t o  t h e  o p t i c a l  i n t e r f e r e n c e  of t h e  g r a i n  
b o u n d a r i e s ,  and t h e  phenomenon of c r y s t a l l i n e  o x i d e  growth  i s  known a s  "grey-  
out" .  Oxide f o r m a t i o n  c o n d i t i o n s  o f  c u r r e n t  d e n s i t y ,  e l e c t r o l y t e  compos i t ion  
and t e m p e r a t u r e ,  are  c a r e f u l l y  c o n t r o l l e d  t o  p r e v e n t  t h i s  c r y s t a l l i n e  growth .  

Once t h e  anodes  a r e  formed,  a l o t  sample is  p l a c e d  i n  a tes t  c e l l  and t h e  
c a p a c i t a n c e  measured. Where c a p a c i t a n c e s  a r e  above t h e  d e s i r e d  v a l u e ,  f u r t h e r  
o x i d e  growth  i s  accompl ished  a t  a h i g h e r  v o l t a g e  a s  a t h i c k e r  f i l m  g i v e s  a 

. The u l t i m a t e  p r o p e r t i e s  of t h e  c a p a c i t o r  lower  c a p a c i t a n c e  due t o  C = - 
a r e  due  t o  t h e  q u a l i t y  o f  t h e  f i l m .  Consequen t ly ,  m a t e r i a l s  of t h e  h i g h e s t  
p u r i t y  a r e  used  and c a r e f u l  c o n t r o l  of c l e a n l i n e s s .  and p r o c e s s  a r e  e s s e n t i a l .  

e A  
D 

F i n i s h e d ,  formed anodes  are t h e n  c l e a n e d  of t h e  fo rming  e l e c t r o l y t e  and 
vacuum b a c k f i l l e d  w i t h  a 30-40% s o l u t i o n  by we igh t  of s u l f u r i c  a c i d .  Anodes 
are assembled  i n t o  t h e  c a s e  w i t h  a v i b r a t i o n  con ta inmen t  T e f l o n  s p i d e r  on t h e  
b a s e  and a g e l l e d  30-40% s o l u t i o n  of s u l f u r i c  a c i d  a lmos t  f i l l i n g  t h e  remain-  
i n g  volume. 

The case i t s e l f  i s  made of f i n e  Ag, a p p r o x i m a t e l y  .a20 i n c h  t h i c k .  To 
i n c r e a s e  t h e  c a t h o d e  s u r f a c e  a r e a  t h e  i n t e r i o r  of t h e  c a s e  i s  e t c h e d  and 
p l a t i n u m  b l a c k  i s  e l e c t r o c h e m i c a l l y  d e p o s i t e d  on t h e  i n s i d e .  

F i n a l  a s sembly  i n v o l v e s  i n s t a l l a t i o n  of a s e a l  which p r e v e n t s  l e a k a g e  
of e l e c t r o l y t e  from t h e  anode  a r e a  and f rom t h e  c a s e  i n  g e n e r a l .  

3 .2  I n t e r n a l  Chemis t ry  

The wet t a n t a l u m  c a p a c i t o r  i s  b a s i c a l l y  a s i m p l e  e l e c t r o c h e m i c a l  c e l l .  
With a p o s i t i v e  p o t e n t i a l  on t h e  anode ,  e l e c t r o n s  e n t e r  t h e  e l e c t r o l y t e  and 
form n e g a t i v e  i o n s  which  m i g r a t e  t o  t h e  Ta205 s u r f a c e  c h a r g i n g  t h a t  s i d e  of 
t h e  c a p a c i t o r .  Where t h e  c o n d u c t i v i t y  of t h e  Ta2O5 i s  h i g h  t h e  n e g a t i v e  i o n  
g i v e s  up i t s  e l e c t r o n  and t h e  oxygen p r e s e n t  i s  used t o  o x i d i z e  t a n t a l u m  t o  
t a n t a l u m  p e n t o x i d e  which t h e n  f u r t h e r  i n s u l a t e s  t h e  s u r f a c e .  I n  t h i s  manner 
t h e  c a p a c i t o r  c h e m i c a l l y  b u i l d s  up an  i n s u l a t i v e  l a y e r  which r educes  t h e  
l e a k a g e  a t  a g i v e n  v o l t a g e  t o  a v e r y  low l e v e l .  I n  an i d e a l  sys t em u s i n g  a 
p l a t i n u m  c a t h o d e  and p u r e  w a t e r  a s  an  e l e c t r o l y t e ,  t h e  two p redomina te  
r e a c t i o n s  would b e :  

A t  t h e  Cathode  

2 H  0 + 2e- --i. H2 + 20H- @ -.8227V 2 

A t  t h e  Anode 

5H20 + 2Ta - b  Ta205 + lOH-' + 10e-  @ + . 8 1 V  

5 



I n  a n  a c t u a l  c a p a c i t o r  w i t h  a s i l v e r  c a s e  and a 30% H2S04 e l e c t r o l y t e  
t h e  s y s t e m  becomes more complex. 

The s u l f u r i c  a c i d  a c t s  t o  e n s u r e  t h a t  p l e n t y  of i o n s  a r e  p r e s e n t  i n  t h e  
, and v e r y  l i t t l e  H20 e x i s t s .  

-- 
form of OH-, H', and SO4 
c y c l e  w i t h  t h e  anode p o s i t i v e  t h e  f o l l o w i n g  r e a c t i o n s  are most p r o b a b l e :  

During a c h a r g i n g  

A t  t h e  Cathode 

+ -  
g Ag +e --* A 

Ag2S04 + 2e 
- 

+ -  2H +2e + H 2  

2H20 +2e- + H2 

. @ +.7991 

@ +.653 

@ 0.oov 

- -  
2 Ag + SO4 

+20H- @ -.8227V 

A t  t h e  Anode 
- 

@ +.81V + 
H 2 0  + 2 Ta -+Ta2O5 + 1 0 H  +10e 

4 0 H -  + O2 +2H20 +4e- @ -.401V 

Those r e a c t i o n s  i n v o l v i n g  t h e  h i g h e s t  p o s i t i v e  p o t e n t i a l  a r e  t h e  most p r o b a b l e  
s o  a t  t h e  c a s e  t h e  f i r s t  r e a c t i o n  t o  o c c u r  would be Ag + + e - - + A g ,  t h e  n e x t  
most l i k e l y  b e i n g  Ag2S04 +2e- -P 2 Ag + S O 4  2H+ + 2e-+ H2 c a n  o c c u r  bu t  
a t  a much less  l i k e l y  l eve l .  High c h a r g i n g  c u r r e n t s  would create  a v o l t a g e  
crowding and t e n d  t o  promote t h e  H2 g e n e r a t i o n ,  however. 

-- . 

A t  t h e  anode t h e  t a n t a l u m  r e a c t i o n  would predominate  u n t i l  no  t a n t a l u m  
was a v a i l a b l e ,  a t  which p o i n t  t h e  n e t  e l e c t r i c a l  l e a k a g e  of t h e  f i l m  would 
f o r c e  t h e  p r o d u c t i o n  of 0 2 .  

For  t h e  c a s e  ( c a t h o d e )  s i l v e r  r e a c t i o n s  t o  occur  t h e r e  must be s i l v e r  
p r e s e n t  i n  t h e  e l e c t r o l y t e .  An e x p l a n a t i o n  f o r  t h i s  s i l v e r  p r e s e n c e  l i e s  i n  
t h e  d i s c h a r g e  p r o p e r t i e s  of t h e  c a p a c i t o r .  During d i s c h a r g e  t h e  n e g a t i v e  i o n s  
p r e s e n t  a t  t h e  t a n t a l u m  o x i d e  f i l m  must g i v e  up t h e i r  e l e c t r o n s  t o  t h e  c a t h o d e .  
Here t h r e e  p o s s i b l e  r e a c t i o n s  a r e :  

+ -  
Ag -7Ag +e @ -.7991V 

- -  - 
2 Ag + SO4 -* Ag2S04 +2e @ -.653V 

H2 +20H- '2H20 +2e- @ +.8227V 
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I n  b o t h  cases t h e  s i l v e r  r e a c t i o n  i s  t o  i n j e c t  s i l v e r  i o n s  i n t o  t h e  
e l e c t r o l y t e .  The hydrogen r e a c t i o n  i s  t h e  most p r o b a b l e ,  bu t  r e q u i r e s  t h e  
p r e s e n c e  of hydrogen.  When i n s u f f i c i e n t  hydrogen i s  a v a i l a b l e  t h e  s i l v e r  
r e a c t i o n s  would be t h e  n e x t  most p r o b a b l e  ones .  
would c a u s e  a v o l t a g e  c rowding  e f f e c t  and f u r t h e r  promote s i l v e r  i n j e c t i o n  
i n t o  t h e  e l e c t r o l y t e .  

Again a r a p i d  d i s c h a r g e  

T h i s  a n a l y s i s  t h e n  i n d i c a t e s  t h a t  a dynamic s i l v e r  exchange i s  o c c u r r i n g  
d u r i n g  c h a r g e l d i s c h a r g e  c y c l e s ,  s u c h  a s  i n  a r i p p l e  c o n d i t i o n ,  and t h a t  h igh  
c h a r g i n g  and d i s c h a r g i n g  c u r r e n t s ,  s u c h  as s q u a r e  wave r i p p l e ,  promote t h e  
s i l v e r  r e a c t i o n s .  

The re  i s  no  g u a r a n t e e  t h a t  f rom one c y c l e  t o  t h e  nex t  t h e  s i l v e r  r e a c t i o n s  
would b a l a n c e .  It i s  q u i t e  p r o b a b l e  t h a t  some s i l v e r  i o n s  d i f f u s e  away from 
t h e  case and become u n a v a i l a b l e  f o r  immediate  r e p l a t i n g  t h u s  forming  t h e  b a s i s  
f o r  t h e  s i l v e r  ana lyzed  i n  t h i s  a n a l y s i s .  

A s  no ted  i n  t h e  c h a r g i n g  a n a l y s i s ,  b o t h  Ag' and Ag2S04 can  be formed. I n  
t h e  p r e s e n c e  of s u l f a t e  i o n  t h e s e  two m a t e r i a l s  i n t e r a c t  t o  r educe  t h e  s i l v e r  
i o n  c o n t e n t  by 

- -  + 2Ag +SO4 -2 Ag2S04 w i t h  a K = 1 .2  x @ 25OC se 
+ 

The maximum Ag c o n t e n t  o f  a 33% H2S04 s o l u t i o n  can  be c a l c u l a t e d  a s  f o l l o w s :  

30% H2S04 froms a 3.7 molar  s o l u t i o n  

+ - 
Thus H2S04 -* H +HS04  

- - -  + - -  -2 
4 HS04 %F H +SO4 K = 1 . 2  x 10 s o l v i n g  f o r  SO 

SP 

The re f  o r e  

1 .2  x l o - 2  

1 . 2  

-2 
= 1 . 2  x 10  M i n  a 30% H2S04 s o l u t i o n  

- -1 
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f o r  Ag2S04 

-3 
= 10 1.2 

1.2 x 
[ A g g 2  = 

= ,032M 

The a tomic  we igh t  of s i l ve r  i s  108 gm/M s o  3 . 5  gms Ag + / L  i s  t h e  maximum 

a l l o w a b l e .  

Fo r  a GT3 c a p a c i t o r  of  f i l l  volume .033cc t h e  maximum a l l o w a b l e  s i l v e r  i o n  
c o n t e n t  would be 1 1 4 p g .  
s i l v e r  be  p r e s e n t  i n  a compound form such  as Ag2S04. 
have been observed  i n s i d e  t a n t a l u m  w e t  s l u g  c a p a c i t o r s .  
Ag 0, a r e  p o s s i b l e ,  b u t  were n o t  observed  i n  t h i s  t e s t i n g .  

Any s i l v e r  c o n t e n t  above t h i s  v a l u e  would r e q u i r e  t h a t  
Large  c r y s t a l s  o f  Ag2S04 

Othe r  forms ,  such  a s  

2 

Some i m p l i c a t i o n s  can  be drawn from t h e  above a n a l y s i s .  F i r s t ,  s i l v e r  
would be expec ted  i n  t h e  e l e c t r o l y t e  i n  e i t h e r  s u l f a t e  o r  i o n i c  forms .  
some s i lver  i s  d i f f u s i n g  away a t  a n  undetermined  rate would a n y t h i n g  l i m i t  t h e  
amount of  s i l v e r  p r e s e n t ?  I n  a p r o p e r l y  b i a s e d  c o n d i t i o n  a l e a k a g e  c u r r e n t  
e x i s t s  due  t o  t h e  c o n d u c t i v i t y  of t h e  Ta205 f i l m  and s c i n t i l l a t i o n  e f f e c t s .  
Th i s  would a c t  t o  create  t h e  e q u i v a l e n t  of  a c o n s t a n t  c h a r g i n g  c o n d i t i o n  which 
would promote t h e  r e d u c t i o n  of s i l v e r  a t  t h e  case and i n  a n o n - r i p p l e  c o n d i t i o n  
would be expec ted  t o  d e c r e a s e  t h e  s i l ve r  c o n c e n t r a t i o n s  over  a l o n g  p e r i o d  o f  
t i m e .  A comparison o f  t h e  -10 o l d  and -8 o l d  c a p a c i t o r s  v e r s u s  t h e  new p a r t s  
d i s p l a y s  p r e c i s e l y  t h i s  c o n d i t i o n  w i t h  t h e  u n i t s  hav ing  2000 hour s  of bu rn - in  
be ing  a lmos t  an  o r d e r  of magni tude lower i n  s i lver  c o n c e n t r a t i o n s .  

S i n c e  

Some form of b a l a n c e  might  be expec ted  between l eakage  c u r r e n t ,  r i p p l e  
An a t t e m p t  w a s  made i n  t h e  d i s c u s s i o n  c u r r e n t ,  and t h e  s i l v e r  c o n c e n t r a t i o n s .  

s e c t i o n  of t h i s  r e p o r t  t o  l ook  f o r  t h i s ,  bu t  no  c o r r e l a t i o n s  were found.  

Second ly ,  s i n c e  hydrogen and oxygen are b e i n g  produced by t h e  r e a c t i o n s  

An observed  f ac t  i s  t h a t  a f t e r  3000 hour s  of o p e r a t i o n ,  c a p a c i t o r s  
i n v o l v e d ,  what p r e v e n t s  t h e  o v e r p r e s s u r i n g  of t h e  case a f t e r  ex tended  p e r i o d s  
of o p e r a t i o n ?  
i n  t h i s  t e s t i n g  program d i d  n o t  e x h i b i t  any ev idence  of i n t e r n a l  p r e s s u r e .  It 
is  b e l i e v e d  t h a t  r ecombina t ion  of  t h e  oxygen and hydrogen i s  p r e v e n t i n g  t h i s .  
I n  t h e  case of a broken down d i e l e c t r i c ,  where h i g h  l eakage  c u r r e n t s  a r e  b e i n g  
e x h i b i t e d ,  t h e  amount of  hydrogen and oxygen b e i n g  gene ra t ed  may be s u f f i c i e n t  
t h a t  t h e  release of ene rgy  o c c u r r i n g  upon r ecombina t ion  i s  t h e  f a c t o r  which 
c a u s e s  t a n t a l u m  w e t  s l u g  c a p a c i t o r s  t o  v i o l e n t l y  exp lode .  
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A t h i r d  i m p l i c a t i o n  from t h e  a n a l y s i s  i s  t h a t  no  way i s  a p p a r e n t  which 
would e x p l a i n  t h e  f o r m a t i o n  of  s i l v e r  f l o w e r s  on t h e  anode due t o  r i p p l e  
c u r r e n t .  The e l e c t r o c h e m i s t r y  of  t h e  anode i n  a p r o p e r l y  b i a s e d  c o n d i t i o n  
would r e q u i r e  t h a t  any  s i l ve r  i n  t h e  area be c o n v e r t e d  t o  Ag' and t h e  anode 
cha rge  would r e p e l  t h e s e  i o n s  away. A p o s s i b l e  e x p l a n a t i o n  ex i s t s  by con- 
s i d e r i n g  what would happen i f  a l l  p o t e n t i a l s  were removed from the c a p a c i t o r  
by s h o r t i n g  i t  o u t  and l e t t i n g  i t  s i t .  
i n  t h e  e l e c t r o l y t e ,  t h e r e  would be n o  f a c t o r  on t h e  anode which would p r e v e n t  
t h e s e  m a t e r i a l s  f rom fo rming  c r y s t a l s  on t h e  case, i n  t h e  e l e c t r o l y t e  o r  on 
t h e  anode. A s  t h e r e  i s  no  way of d e t e c t i n g  s i lver  f l o w e r s  on t h e  anode ,  t h e r e  
i s  no way t o  t e l l  i f  t h e  f l o w e r s  e x i s t e d  on a p a r t i c u l a r  anode p r i o r  t o  r i p p l e  
t e s t i n g  and i t  i s  p o s s i b l e  t h a t  s i lver  f l o w e r s  a r e  p r i m a r i l y  a s h e l f  l i f e  
phenomenon. Examinat ion of  t h e  d a t a  w i l l  show t h a t  o l d e r  p a r t s  which had 
j u s t  s e e n  s h e l f  s t o r a g e  d i s p l a y e d  s i g n i f i c a n t l y  g r e a t e r  p r o b a b i l i t y  o f  s i l ve r  
s u l f a t e  c r y s t a l s  and s i l ve r  f l o w e r s  on t h e  anode and c a s e .  

S i n c e  s i lver  i o n s  and AgZS04 are p r e s e n t  

I n  a reverse b i a s  c o n d i t i o n ,  s i l v e r  on t h e  anode  i s  e a s i l y  e x p l a i n e d  
because  n o t  o n l y  i s  t h e  s i t u a t i o n  similar t o  d i s c h a r g e ,  b u t  t h e  e l e c t r o n  ex- 
change a t  t h e  anode s u r f a c e  i s  f a v o r i n g  c o n v e r s i o n  of  s i lver  i o n s  i n t o  m e t a l l i c  
s i l v e r .  A s i lve r  p l a t i n g  b a t h  f o r  d e p o s i t i o n  on t h e  anode has  been formed. 

3,3 Test Technique  

The t e s t  t e c h n i q u e  employed on t h e  m a j o r i t y  o f  samples  was as f o l l o w s :  

A .  X-Ray i n  Two P e r p e n d i c u l a r  Axes - ,005 i n .  and .001 i n .  t u n g s t e n  w i r e  
was used t o  e s t a b l i s h  exposure  i n  hopes t h a t  s i l v e r  f l o w e r s  might be seen. 
None were obse rved .  

B. V i s u a l  I n s p e c t i o n  - Each sample was examined a t  20X f o r  e x t e r n a l  
c a s e  anomal i e s  and mechan ica l  damage. 

C .  S e a l  Leakage - Phydr ion  1 .0  t o  2.5 pH pape r  and d e i o n i z e d  w a t e r  were 
used t o  check  f o r  e l e c t r o l y t e  l e a k a g e  th rough  t h e  s e a l .  A s m a l l  s t r i p  o f  
pape r  was d ipped  i n  t h e  water and immedia te ly  a p p l i e d  t o  t h e  s e a l  s u r f a c e .  
Minute  t r a c e s  of  a s t r o n g  a c i d  l e d  t o  a n  obvious  r e d  c o l o r a t i o n  on t h e  s t r i p .  
None o f  t h e  r i p p l e  t e s t e d  samples  were observed  t o  have  s e a l  l eakage .  

D. D.C. Leakape - Each sample was t e s t e d  e l e c t r i c a l l y  f o r  t h e  DC l e a k -  
age .  Charg ing  was from a F l u k e  P r e c i s i o n  DC Power Supply t h r o u g h  a one  K 
series r e s i s t o r .  Leakage c u r r e n t  was r e c o r d e d  u s i n g  Vik ing  r a t e d  v o l t a g e  a t  
30 sec, 1 min, 1 .5  min, 2 ,  3 ,  4 ,  and 5 min. The r e c o r d i n g  of  l e a k a g e  was an  
a t t e m p t  t o  see i f  l e a k a g e  and h e a l i n g  r a t e  cou ld  be used  t o  d e t e c t  p o t e n t i a l l y  
d e f e c t i v e  u n i t s .  Throughout  t h i s  p o r t i o n  o f  t h e  t es t  no  s i g n i f i c a n t  changes  
were obse rved  t h a t  cou ld  be a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  s i l v e r .  
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E. Open Case and E l e c t r o l y t e  F l u s h  - The open ing  method f o r  t h e  samples  

Each sample  was chucked up on a t o o l i n g  
was of  extreme impor t ance  because  p a r t i c l e s  f rom t h e  c a s e  would s e r i o u s l y  
d i s t u r b  t h e  s i l v e r  c o n t e n t  r e a d i n g s .  
l a t h e  and a .016" deep  c u t  made d i r e c t l y  behind  t h e  s p a c e r  c r imp.  T h i s  c u t  
d i d  n o t  p e n e t r a t e  t h e  c a s e  and i f  i t  had ,  i t  would have  h i t  t h e  T e f l o n  and 
n o t  t h e  c a v i t y .  The u n i t  was t h e n  c l e a n e d  and t h e  c a s e  f l e x e d  t o  c r a c k  t h e  
c u t  open and t h e  c a s e  removed. Immedia te ly  upon open ing ,  t h e  c a s e  i n t e r i o r  
and t h e  g e l  were i n s p e c t e d  a t  up t o  5 0 X .  A s  n e a r  a s  c o u l d  be de t e rmined  no  
open ing  s i l v e r  f rom t h e  case w a s  g e t t i n g  i n t o  t h e  c a v i t y .  Us ing  d e i o n i z e d  
w a t e r  a l l  e l e c t r o l y t e  and g e l  p r e s e n t  was f l u s h e d  i n t o  a c l e a n  f l a s k .  The 
anode was t h e n  examined and a l l  a d h e r i n g  e l e c t r o l y t e  a l s o  f l u s h e d  i n t o  t h e  
f lask .  These  became t h e  samples  f o r  e l e c t r o l y t e  a n a l y s i s .  

F. Mic roscop ic  Examinat ion  - A l l  anodes  were examined a t  50X and 12OX 
m a g n i f i c a t i o n  f o r  t h e  p r e s e n c e  of  s i l v e r .  
which e x h i b i t e d  s i l v e r  f l o w e r s .  

A pho tograph  was t a k e n  of  a l l  anodes  

The c a s e  w a s  s i m i l a r l y  examined and  pho tographs  made a s  r e q u i r e d  t o  show 
s i l v e r  s u l f a t e  c r y s t a l s  and r e d e p o s i t e d  s i l v e r .  R e s u l t s  of t h e  v i s u a l  exams 
a r e  n o t e d  i n  t h e  d a t a  s h e e t s .  

G. Removal of t h e  Anode - The anode w a s  c a r e f u l l y  removed by c u t t i n g  t h e  
t a n t a l u m  t u b e  weld and p u s h i n g  t h e  anode  o u t  of t h e  sea l .  A l l  anodes  were 
s u b m i t t e d  f o r  a n a l y s i s  of t h e  s i l v e r  c o n t e n t  w i t h i n  t h e  s l u g .  

H .  Wet Chemical S i l v e r  A n a l y s i s  - The e l e c t r o l y t e  sample was p r e p a r e d  
f o r  a n a l y s i s  by a d d i n g  10 d r o p s  conc .  H 2 S 0 4  and e v a p o r a t i n g  t h e  s o l u t i o n  t o  SO3 
fumes on a h o t  p l a t e .  The r e s i d u e  was d i s s o l v e d  i n  
hea ted  t o  a b o i l ,  t h e n  f i l t e r e d  and d i l u t e d  t o  a s t a n d a r d  volume (10 or 100 ml) 
f o r  a n a l y s i s .  

5 m l  of 0.5 rJ H2S04  and 

The t a n t a l u m  s l u g  was p r e p a r e d  f o r  a n a l y s i s  by b o i l i n g  t h e  s l u g  i n  5 m l  
conc. €NO3 and 10 d r o p s  o f  conc. H2SO4. B o i l i n g  was c o n t i n u e d  u n t i l  fumes of  
SO3 were v i s i b l e .  The r e s i d u e  and s l u g  were coo led  and s i l ve r  s a l t s  were 
e x t r a c t e d  f rom t h e  s l u g  w i t h  s e v e r a l  warm 2 m l  p o r t i o n s  of 0.5 N H2SO4.  
e x t r a c t a n t  was d i l u t e d  t o  a s t a n d a r d  volume (10 o r  100 ml) w i t h  0 . 5  N H2SO4 
f o r  a n a l y s i s  

The 

S i l v e r  was d e t e c t e d  by a s t a n d a r d  c o l o r i m e t r i c  a n a l y s i s  u s i n g  a 0.901% 
The a b s o r p t i o n  of t h e  s i l v e r  d i t h i a z o n a t e  was d i t h i a z o n e  i n  CCl4 s o l u t i o n .  

ana lyzed  on a d u a l  beam Beckman DB-GT s p e c t r o p h o t o m e t e r  a t  4 9 5  my. 
were a lways  r u n  i n  d u p l i c a t e  and were compared d a i l y  w i t h  s t a n d a r d s .  

The samples  
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The a n a l y s i s  w a s  c a r r i e d  o u t  as f o l l o w s :  Ten m i l l i l i t e r s  of 0.5 N H 2 S 0 4 ,  
two m i l l i l i t e r s  of  sample ,  and f i v e  mi l l i l i t e rs  of  d i t h i a z o n e  s o l u t i o n  were 
added t o  a s m a l l  s e p a r a t o r y  f u n n e l  and shaken  f o r  30 seconds .  The lower  d i t h i -  
azone  l a y e r  was d r a i n e d  off  and p l a c e d  i n  a d r y  1 c m  q u a r t z  s p e c t r o p h o t o m e t e r  
c e l l .  The sample  was scanned  f rom 530 t o  480 mu and i t s  abso rbance  was c a l -  
c u l a t e d  a t  495 mu and a d j u s t e d  f o r  t h e  abso rbance  of a b l a n k  sample  r u n  o v e r  
t h e  same r e g i o n .  The amount of  s i l v e r  i n  t h e  sample  was c a l c u l a t e d  from t h e  
abso rbance  of  t h e  sample  v e r s u s  s t a n d a r d  s i l v e r  samples  by a Beers l a w  r e l a -  
t i o n s h i p .  

To v e r i f y  t h a t  a l l  t h e  s i l v e r  was b e i n g  a n a l y z e d  i n  t h e  anodes ,  some were 
c o m p l e t e l y  c r u s h e d  a t  t h e  end of t h e  a n a l y s i s  and r e - a n a l y z e d .  R e s i d u a l  s i l v e r  
was l ess  t h a n  1 p gram. 

The r e s u l t s  of  a l l  t h e  above  t e s t i n g  a r e  i n  t h e  d a t a  s h e e t s  a t t a c h e d  t o  
t h i s  r e p o r t .  

3.4 D i s c u s s i o n  

The d a t a  s e c t i o n  of t h i s  r e p o r t  c o n t a i n s  two summaries of t h e  d a t a  d e r i v e d  
d u r i n g  t h i s  t e s t i n g .  Documented i n  t h e  f i r s t  group i s  t h e  s i l v e r  v i s u a l  and 
chemica l  d a t a  compared t o  t h e  e l e c t r i c a l  p a r a m e t e r s  r e p o r t e d  i n  Volume I and 
measured i n  t h e  l a b o r a t o r y  immedia te ly  p r i o r  t o  d i s s e c t i o n .  The Min-Max R i p p l e  
T e s t  l e a k a g e  v a l u e s  a r e  somewhat p e r t u r b e d  by t h e  v i b r a t i o n  f a i l u r e s .  It w i l l  
be no ted  t h a t  most of t h e  h i g h e r  v a l u e s  occur red  subsequen t  t o  v i b r a t i o n  and 
t h a t  t h e  lower v a l u e  r e p r e s e n t s  t h e  more nominal r e a d i n g  f o r  t h e  t e s t .  

A l l  s i l v e r  l eve ls  a r e  d e t a i l e d  i n  micrograms,  b e i n g  r e p o r t e d  f o r  bo th  
t h e  anode  and t h e  e l e c t r o l y t e ,  S i n c e  t h e  anode i s  h i g h l y  p o r o u s ,  s i l v e r  from 
t h e  e l e c t r o l y t e  c o n t a i n e d  i n  t h e  anode  i s  expec ted  i n  t h e  r e p o r t e d  anode d a t a .  
Consequen t ly ,  s i lver  l e v e l s  measured on t h e  anode a r e  n o t  n e c e s s a r i l y  from 
m e t a l l i c  s i l v e r  f l o w e r s ;  a p o i n t  v e r i f i e d  by v i s u a l  examina t ions  of t h e  anodes  
which d i s c l o s e d  v e r y  few v i s u a l  s i l v e r  f l o w e r s .  I n  t h e  e n t i r e  r i p p l e  t es t  
o n l y  f o u r  anodes  had v i s u a l  l e v e l s  of  s i l v e r  and t h e i r  e l e c t r i c a l  d a t a  i s  
i n d i s t i n g u i s h a b l e  from t h e  rest of t h e  samples  i n  a l l  b u t  one c a s e .  

I n  most c a s e s  t h e  anodes  appea red  normal.  A f t e r  v i b r a t i o n ,  some anodes  
d i s p l a y e d  T e f l o n  impressed  i n t o  t h e  b a s e  s t r u c t u r e  due t o  anode movement and 
one ev idenced  a s l i g h t  c r a c k .  I n s i d e s  of t h e  s i l ve r  c a s e s  r o u t i n e l y  showed 
two d i s t i n c t  phenomena. F i r s t ,  many c a s e s  d i s p l a y e d  r e d e p o s i t e d  s i l ve r  on t h e  
s u r f a c e  of  t h e  p l a t inum.  These  r e d e p o s i t i o n s  appea red  a s  n e e d l e s  o r  s p r a y s  
r u n n i n g  p a r a l l e l  t o  t h e  s u r f a c e ,  l o o p s  outward from t h e  s u r f a c e  and l a r g e  
p a t c h e s  up t o  .010 i n c h  d i a m e t e r .  E l e c t r o n  beam mic roprobe  found t h e s e  re- 
d e p o s i t i o n s  t o  be p r i m a r i l y  s i l v e r  w i t h  few i m p u r i t i e s ,  w h i l e  m i c r o s c o p i c  
exam showed a normal s i l v e r  c r y s t a l l i n e  s t r u c t u r e .  The o t h e r  c a s e  e f f e c t  
was e x c e e d i n g l y  s m a l l  t r a n s p a r e n t  c r y s t a l s  which a n a l y z e d  t o  be p r i m a r i l y  
s i l ve r  and p l a t inum.  The c r y s t a l  s t r u c t u r e ,  w h i l e  q u i t e  d i s t i n c t ,  cou ld  n o t  
be r e l a t e d  t o  any  compounds and h a s  been l e f t  u n i d e n t i f i e d .  L a b o r a t o r y  i n -  
v e s t i g a t i o n s  o u t s i d e  t h i s  r e p o r t  have  o c c a s i o n a l l y  shown t h i s  same e f f e c t  and 
i t  does  n o t  a p p e a r  t o  be r e l a t e d  t o  r i p p l e .  
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The s i l ve r  s p r a y s  and r e d e p o s i t i o n  are p r o b a b l y  r e l a t e d  t o  r i p p l e  as i t  
i s  b e l i e v e d  t h a t  s i l ve r  i s  i n  a dynamic exchange i n t o  and o u t  o f  s o l u t i o n  due  
t o  c u r r e n t  f l o w  a t  t h e  case. When s i l v e r  r e p l a t e s  on t h e  case i t  would e a s i l y  
t end  t o  form around e x i s t i n g  s i lver  p a r t i c l e s  and l e a d  t o  l a r g e  r e d e p o s i t e d  
a r e a s .  These  r e d e p o s i t i o n s  have been p r e v i o u s l y  r e p o r t e d  a l o n g  w i t h  l a r g e  
s i lver  s u l f a t e  c r y s t a l s  1 . 

It w a s  n o t e d  t h a t  some a p p a r e n t  c o r r e l a t i o n  e x i s t e d  between t h e  c a s e  
s i l v e r  r e d e p o s i t i o n ,  t h e  e l e c t r o l y t e  s i lver ,  and t h e  r i p p l e  c u r r e n t  e x p o s u r e s .  
The second group of  d a t a  s h e e t s  i s  a n  e f f o r t  t o  u n d e r s t a n d  t h i s  c o r r e l a t i o n .  
ESR measurements f rom Volume I on i n d i v i d u a l  d e v i c e s  were used t o  d i v i d e  t h e  
a p p l i e d  r i p p l e  level between t h e  i n d i v i d u a l  c a p a c i t o r s  on the b a s i s  of  p a r a l l e l  
r e s i s t a n c e ;  t h e s e  d e v i c e s  hav ing  been connec ted  i n  p a r a l l e l  banks.  A r i p p l e  
l e v e l  was t h u s  c a l c u l a t e d  f o r  e a c h  c a p a c i t o r  and m u l t i p l i e d  by t h e  exposure  
t i m e  t o  g i v e  a n  amp hour  f i g u r e .  The t o t a l  amp hour  f i g u r e  was t h e n  compared 
t o  t h e  measured t o t a l  s i lver  c o n t e n t  (anode + e l e c t r o l y t e ) .  S i n c e  t h e  t o t a l  
amp hour  f i g u r e s  v a r y  g r e a t l y  i n  some cases, a good sampl ing  o f  c o n d i t i o n s  
was o b t a i n e d .  The d a t a  f o r  case s i z e  t h r e e  c a p a c i t o r s  i s  p l o t t e d  i n  F i g u r e  81. 
No obv ious  t r e n d s  a r e  a p p a r e n t  t h a t  would seem t o  r e l a t e  t o  t h e  r i p p l e  l e v e l .  
A t  any  amp hour  l eve l  where l a r g e  s i l v e r  c o n t e n t s  were n o t e d ,  a n o t h e r  sample 
w i t h  n e a r l y  t h e  same l e v e l  can  be found which h a s  a v e r y  low c o n t e n t  ( - 7 ' s  on 
s i n k  #5 and -10's on s i n k  81). 
d e v i a t e  t o o  s i g n i f i c a n t l y  f rom t h e  i n i t i a l  v a l u e s .  

I n  g e n e r a l ,  t h e  t o t a l  s i l v e r  l e v e l s  d i d  n o t  

Those u n i t s  w i t h  h i g h  s i l v e r  c o n t e n t s  can  n o t  be c l e a r l y  e x p l a i n e d  by t h e  
r i p p l e  c u r r e n t  l e v e l s .  T h i s  may be due t o  i n s u f f i c i e n t  sample s i z e  t o  g i v e  
meaningfu l  d a t a  o r  t h e  c a u s e  of h i g h  s i lver  c o n t e n t s  may l i e  somewhere o t h e r  
t h a n  j u s t  r i p p l e  c u r r e n t .  The e v i d e n c e  does  n o t  show t h a t  t h e  V i k i n g  r i p p l e  
l e v e l s  w i l l  i n  t hemse lves  l e a d  t o  i n c r e a s e d  e l e c t r o l y t e  s i l v e r  c o n t e n t s  o r  
s i l v e r  f l o w e r s  on t h e  anodes .  

The p r i n c i p a l  sa l t  d e t e c t e d  i n  t a n t a l u m  c a p a c i t o r s  i s  s i l v e r  s u l f a t e  
a t  25OC Ag2SO4. 

which i s  h i g h  enough t o  a l l o w  some s i lver  t o  be d i s s o l v e d  i n  t h e  e l e c t r o l y t e  
p o s s i b l y  e x p l a i n i n g  t h e  e x i s t e n c e  of  s i l v e r  i n  a l l  t h e  t e s t e d  u n i t s .  A GT-3 
s i z e  c a p a c i t o r  no rma l ly  c o n t a i n s  abou t  .31 t o  .33 cc of a 30% s u l f u r i c  a c i d  
g e l l e d  e l e c t r o l y t e  which,  by t h e  a n a l y s i s  p r e s e n t e d  i n  S e c t i o n  3 .2 ,  c o u l d  
c o n t a i n  a maximum of  114 mg of  s i lver  i n  an  i o n i c  form. 

It h a s  a handbook s o l u b i l i t y  p r o d u c t  (Ksp) of  1 .2  x 

T h i s  v a l u e  i s  below t h e  n o r m a l l y  observed  c o n c e n t r a t i o n  o f  s i lver  i n  
t h e  c a p a c i t o r s  and would r e q u i r e  t h a t  t h e  a d d i t i o n a l  s i l v e r  be i n  a compound 
state.  Some f a c t o r  o t h e r  t h a n  s o l u b i l i t y  may a c c o u n t  f o r  t h e s e  i n c r e a s e d  
l e v e l s .  

1 

W. J .  Moore, Jr. and A .  W.H. Smi th ,  R i p p l e  C u r r e n t  and S i l v e r  M i g r a t i o n  i n  
Non-Solid E l e c t r o l y t i c  S i n t e r e d  Anode Tantalum C a p a c i t o r s ,  P roceed ings  1972 
of the 22nd E l e c t r o n i c  Components Conference ,  Washington,  D.C. ,  May 15-17,  
1970,  pp 313-315. 
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One s i g n i f i c a n t  p o i n t  i s  i n d i c a t e d  by t h e  s i l ve r  d a t a :  Those u n i t s  which 
saw no  r i p p l e ,  o n l y  DC b i a s  have  lower  s i l v e r  c o n t e n t s  t h a n  p a r t s  o u t  o f  s t o c k .  
T h i s  c o u l d  be p r e d i c t e d  b e c a u s e  w i t h o u t  r i p p l e  i n j e c t i n g  s i l v e r  i n t o  t h e  e l e c t r o -  
l y t e  the  b a s i c  e l e c t r o c h e m i s t r y  would t e n d  t o  r e d e p o s i t  s i l ve r  on t h e  case by 
t h e  a c t i o n  o f  t h e  l e a k a g e  c u r r e n t  and n e g a t i v e  p o l a r i t y  of t h e  c a s e .  The b e s t  
examples o f  t h i s  e f f ec t  a r e  t h e  -10 and -8 o l d  u n i t s  which had s e e n  2000 h o u r s  
o f  b u r n - i n  p r i o r  t o  i n c l u s i o n  i n  t h e  r i p p l e  t e s t  program. 
been s u b j e c t e d  t o  r i p p l e ,  t h e i r  s i l v e r  c o n c e n t r a t i o n s  r e t u r n e d  t o  t h e  a p p a r e n t  
norm f o r  t h e i r  c a s e  s i z e .  

A f t e r  t h e s e  u n i t s  had 

O u t s i d e  of t h e  s p e c i f i c  samples  f rom t h e  r i p p l e  tes t  program, o t h e r  w e t  s l u g  
c a p a c i t o r s  were a n a l y z e d  f o r  t h e i r  s i l v e r  c o n t e n t s .  T h i s  d a t a  i s  p r e s e n t e d  i n  
t h e  d a t a  s e c t i o n  f o r  a d d i t i o n a l  i n f o r m a t i o n  and c o m p l e t e n e s s ,  a s  t h e s e  a n a l y s e s  
were performed i n  s u p p o r t  of t h i s  program. 

The f i r s t  of t h e s e  a d d i t i o n a l  samples  a r e  -8's which were used i n  t h e  
v i b r a t i o n  f a i l u r e  a n a l y s i s  program. These are c a s e  s i z e  GT-1  and came d i r e c t l y  
f rom s t o c k  b e i n g  s i m i l a r  t o  t h e  u n i t s  used i n  t h e  memory tes t  of Volume I. 

The second group i s  comprised of - 2 1  c a p a c i t o r s ,  c a s e  s i z e  GT-2, which 
were p a r t  of t h e  v i b r a t i o n  f a i l u r e  a n a l y s i s  and t h e  r i p p l e  t e s t  program. Three  
samples  were from VPO. Most of t h e s e  samples  had n e v e r  s e e n  r i p p l e  and y e t  
d i s p l a y e d  t h e  c a s e  anomal ies  and s i l v e r  on t h e  anode. 

The t h i r d  group i s  comprised of MMC components f rom a T i t a n  i n v e r t e r  which 
had undergone a l o n g - t e r m  l i f e  t e s t  t h a t  a p p l i e d  s u b s t a n t i a l  r i p p l e  l eve ls  t o  
t h e  components.  The c a p a c i t o r s  are  Sprague  140 D non-hermet ic  u n i t s  purchased  
under  MMC s p e c i f i c a t i o n  ST90D-38A. Ten u n i t s  f rom t h e  i n v e r t e r  and f i v e  u n i t s  
f rom s t o c k  were a n a l y z e d .  A l l  a r e  case s i z e  3 .  

The f i n a l  group i s  made up of two u n i t s  from t h e  A p o l l o  T e l e s c o p e  Mount 
(ATM) C h a r g e r  B a t t e r y  R e g u l a t o r  Modules (CRBM's) which e x p e r i e n c e d  f a i l u r e s  
thought  co be due t o  s i l v e r  growths  on t h e  anodes of w e t  t a n t a l u m  c a p a c i t o r s  
caused by h i g h  r i p p l e  l eve ls .  Two G e n e r a l  E lec t r ic  SC155CN441MP3 c a p a c i t o r s  
a s s e m b l i e s  were a n a l y z e d .  
ponent  and t h e  o t h e r ,  d e s i g n a t e d  "VS" , was from s t o c k .  Each assembly i s  
composed of 16 non-hermet ic  w e t  t a n t a l u m  c a p a c i t o r s  i n  a p a r a i l e l  bank. Both 
banks were d i s s e c t e d  and examined w i t h  some u n i t s  b e i n g  r e t u r n e d  t o  VPO f o r  
t h e i r  a n a l y s i s .  The s u r p r i s i n g  d a t a  p o i n t  f rom t h i s  a n a l y s i s  i s  t h a t  t h e  good 
unused s t o c k  p a r t  shows more s i l v e r  anomal ies  t h a n  t h e  f a i l e d  component. A 
comple te  r e p o r t  on t h e  h i s t o r y  of t h e s e  p a r t s  i s  c o n t a i n e d  i n  a n  I B M ,  F e d e r a l  
Systems D i v i s i o n ,  E l e c t r o n i c s  Systems C e n t e r / H u n t s v i l l e ,  Alabama r e p o r t  I B M  No. 
73W-00353, e n t i t l e d :  " I n v e s t i g a t i o n  of Tantalum Wet S l u g  C a p a c i t o r  F a i l u r e s  
i n  t h e  A p o l l o  T e l e s c o p e  Mount Charger  B a t t e r y  R g u l a t o r  Modules," prepared  
under  S k y l a b  C o n t r a c t  NAS8-20899. 

On d e s i g n a t e d  a s  t h e  "Bl' group was a f a i l e d  com- 
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LAB. DATA SHEET 101 Table 4.15 -- 
TITLE 1 ATM Capacitor Summary D A T E  I D E N T .  

General Electric SCL55CN441MP3 
440 ufd - 100 V J X  LE€ 8-67 
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Photo  $!6 

from c a s e  o f  SIN 194. 
T h e s e  c r y s t a l s  were not  
i d e n t i f i e d ;  however ,  were 
c o m p r i s e d  of Ag-PT. 
( 1 4 O X )  

g n i f i e d  view on c r y s t a l  
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Silver flower on S/N 44 
-7. 1500 hr .  (150X) 
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