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DEVELOPMENT OF AN IMPROVED OXYGEN ELECTRODE FOR USE 

I N  ALKALINE H2-02 FUEL CELLS 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t h e  s y n t h e s i s  of i n t e r s t i t i a l  
compounds f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  of t h e  oxygen e l e c t r o d e  i n  
a l k a l i n e  H2-02 f u e l  cells .  The work i s  being c a r r i e d  o u t  f o r  t h e  
Na t iona l  Aeronaut ics  and Space Adminis t ra t ion wi th  M r .  E. M. Cohn 
as t e c h n i c a l  monitor.  P r i n c i p a l  i n v e s t i g a t o r s  a r e  D .  Bienstock,  
Sayeed Akhtar ,  and C.T. Grein. 
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Bureau of Mines 
P i t t s b u r g h  Coal Research Center 

Q u a r t e r l y  Report f o r  t h e  per iod ending December 31, 1966 

Development of An Improved Oxygen E lec t rode  f o r  Use i n  
A l k a l i n e  H2-0_3 Fuel  Cells 

Summary 

P r e p a r a t i o n s  of  e p s i l o n ,  c h i ,  and t h e t a - i r o n  n i t r o c a r b i d e s ,  and 
e p s i l o n -  and gamma-iron c a r b o n i t r i d e s  were synthesized and shipped 
t o  Tyco Labora to r i e s ,  Inc .  I n  a d d i t i o n ,  t h e  fol lowing compounds have 
been prepared and are ready f o r  shipment: 

(a) Chi- i ron c a r b i d e s  and t h e  corresponding n i t r o c a r b i d e s  
from c o p r e c i p i t a t e d  mixtures  of i r o n  and s i l v e r  i n  t h e  weight r a t i o s  
o f  311, 111, and 113 i r o n  t o  s i l v e r .  

(b) Carbides of c o b a l t  and n i c k e l .  

Attempts a t  p repa r ing  t h e  n i t r i d e s  of c o b a l t  and n i c k e l  were 
unsuccess fu l .  

The induc t ion  furnace i s  now i n  o p e r a t i o n  and t h r e e  Raney a l l o y s  
o f  Co-Ni i n  t h e  weight r a t i o s  o f  311, 111, and 113, and one Raney 
a l l o y  of 1Ni-3Ag have been prepared. The Raney Co-Ni a l l o y s  have been 
leached and t h e  a c t i v a t e d  materials are under t r ea tmen t  f o r  conversion 
t o  c a r b i d e s .  

I n t r o d u c t i o n  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop c a t a l y s t s  f o r  t h e  
c a t h o d i c  r e d u c t i o n  of oxygen i n  a l k a l i n e  H2-02 f u e l  ce l l s .  The work 
i s  be ing  conducted i n  coope ra t ion  with Tyco Labora to r i e s ,  I n c . ,  and 
t h e  materials under i n v e s t i g a t i o n  a r e  t h e  i n t e r s t i t i a l  compounds of 
t h e  t r a n s i t i o n  elements i r o n ,  c o b a l t ,  and n i c k e l ,  w i th  carbon, 
n i t r o g e n ,  boron, and s i l i c o n .  This r e p o r t  d e a l s  only with t h e  prepa- 
r a t i o n  of t h e s e  compounds; information on t h e  ca thod ic  e f f i c i e n c y  of 
t h e  p r e p a r a t i o n s  i n  l abora to ry - sca l e  tests may be obtained from t h e  
Q u a r t e r l y  r e p o r t s  of Tyco Laborator ies .  
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I n  t h e  work p l a n  proposed i n  t h e  f i r s t  Q u a r t e r l y  Report ,  a l i s t  
of 79 groups o f  compounds was suggested as of p o t e n t i a l  i n t e r e s t  i n  
connection wi th  t h i s  work. Later,  i n  c o n s u l t a t i o n  w i t h  t h e  Tyco 
Labora to r i e s ,  a p r i o r i t y  l i s t  of 26 s e l e c t e d  groups w a s  a r r i v e d  a t .  
P repa ra t ion  o f  t h e  c a r b i d e s ,  n i t r i d e s ,  n i t r o c a r b i d e s  and carbo-  
n i t r i d e s  of i r o n  and of t h e  c o p r e c i p i t a t e d  mixtures  of i r o n  and 
s i lver  i s  now complete,  and our  e f f o r t s  are now d i r e c t e d  a t  t h e  
p r e p a r a t i o n  of  t h e  compounds i n  t h e  p r i o r i t y  l i s t  which c o n s i s t s  
of t h e  c a r b i d e s ,  n i t r i d e s ,  n i t r o c a r b i d e s  and c a r b o n i t r i d e s  of  n i c k e l  
and c o b a l t  and of t h e  a l l o y s  of t h e s e  metals wi th  each o t h e r  and wi th  
s i l v e r  and gold.  

I 

Experimental  Procedure 

The appa ra tus  and techniques have been desc r ibed  i n  t h e  F i r s t  
Quar t e r ly  Report (1). 
grade. Products were i d e n t i f i e d  by t h e  x - r ay  d i f f r a c t i o n  p a t t e r n s  
supplemented by chemical a n a l y s i s .  

A l l  chemicals and g a s e s  used were of commercial 

A .  Compounds of I r o n  

Ni t roca rb ides  - These were prepared from c a r b i d e s  of i r o n ,  t h e  
p repa ra t ion  of which h a s  been desc r ibed  (1). 

A know weight of i r o n  c a r b i d e  was t r a n s f e r r e d  t o  t h e  Vycor r e a c t o r  
t ube  under a s t rong  flow of C02. A f t e r  t r a n s f e r ,  N2 was used t o  f l u s h  
t h e  C02. A flow of “3 was then s t a r t e d  and t h e  temperature  r a i s e d  t o  
t h e  d e s i r e d  level and maintained f o r  t h e  d u r a t i o n  of t h e  n i t r i d i n g .  
When t h e  r e a c t i o n  was completed and on r each ing  room temperature  t h e  
c a t a l y s t  was t r a n s f e r r e d  from t h e  Vycor n i t r i d i n g  vessel under a s t r o n g  
flow of  N2 i n t o  a c o l l e c t i o n  f l a s k .  The c o l l e c t i o n  f l a s k  w a s  t hen  
placed i n  a n i t r o g e n - f i l l e d  d r y  box and samples taken f o r  x - r ay  d i f -  
f r a c t i o n  and chemical a n a l y s i s .  Condi t ions f o r  n i t r o c a r b i d i n g  are  
shown i n  t a b l e  1 .  

Upon n i t r i d i n g  X-FezC with ammonia, n i t r o g e n  r e p l a c e s  carbon i n  
t h e  ca rb ide  l a t t i c e  producing c h i  i r o n  n i t r o c a r b i d e .  When s u f f i c i e n t  
n i t r o g e n  is  added t o  induce i n s t a b i l i t y  i n  t h e  c h i  s t r u c t u r e ,  t r a n s -  
formation t o  t h e  e p s i l o n  i r o n  n i t r i d e  occur s .  A s  shown i n  t a b l e  1 
under mild n i t r i d i n g  c o n d i t i o n s ,  28OoC and 15 h o u r s ,  x-Fe2C w a s  con- 
v e r t e d  t o  X-Fe2X(C,N) i n  run  6NC. Whereas i n  r u n  4NC, n i t r i d i n g  a t  
35OoC f o r  20 hours ,  t h e  c h i  was transformed t o  e p s i l o n  i r o n  n i t r o -  
ca rb ide .  A s i m i l a r  r e a c t i o n  occur s  wi th  t h e t a  Fe3C. Under mild 
n i t r i d i n g ,  6 hours a t  3OO0C, t h e  t h e t a  i r o n  n i t r o c a r b i d e  was ob ta ined  
i n  r u n s  5NC and 7NC. 
hours  transformed t h e  t h e t a  t o  t h e  e p s i l o n  n i t r o c a r b i d e .  Runs 4NC, 

Whereas i n  3NC (I.) n i t r i d i n g  a t  35OoC f o r  24 

6NC, and 
prepared 

7NC were prepared from a leached Raney i r o n .  
from an  alkal i -promoted magne t i t e .  

Run 5NC was 
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Carbon i t r ides  - The s t a r t i n g  materials f o r  t h e s e  p r e p a r a t i o n s  
were i ron  n i t r i d e s ,  t h e  p r e p a r a t i v e  methods f o r  which have been 
descr ibed (1) 

A known weight of i r o n  n i t r i d e  was t r a n s f e r r e d  t o  t h e  Vycor 
r e a c t i o n  tube  under a s t rong  flow of N2. To avoid s t r i p p i n g  t h e  
n i t rogen  i n  t h e  n i t r i d e  pure CO w a s  s u b s t i t u t e d  f o r  t h e  lOH2+1CO 
mixture .  The COY flowing through an  a c t i v a t e d  carbon t r a p ,  w a s  
passed through t h e  n i t r i d e  a t  an  h o u r l y  space v e l o c i t y  of 100. 
The temperature was set t o  t h e  d e s i r e d  level on t h e  temperature  
c o n t r o l l e r  and t h e  gas e f f l u e n t  monitored by t h e  i n f r a r e d  o r  thermal 
conduc t iv i ty  u n i t .  Upon completion o f  t h e  r e a c t i o n  t h e  r e a c t o r  was 
q u i c k l y  cooled under a CO flow. 
t h e  c a t a l y s t  w a s  t r a n s f e r r e d  from t h e  Vycor c a r b i d i n g  v e s s e l  t o  t h e  
c o l l e c t i o n  f l a s k .  
samples were taken f o r  x-ray and chemical a n a l y s i s .  Condi t ions f o r  
c a r b o n i t r i d i n g  are shown i n  t a b l e  2.  

When room temperature  w a s  reached 

The c o l l e c t i o n  f l a s k  w a s  placed i n  t h e  i n e r t  box, 

Carbiding i r o n  n i t r i d e  with carbon monoxide a t  35OoC, conve r t s  
t h e  e p s i l o n ,  gamma, and z e t a  n i t r i d e s  t o  e p s i l o n  i r o n  c a r b o n i t r i d e .  
Carbiding a t  mi lde r  c o n d i t i o n s ,  25OoC f o r  4 hour s ,  conve r t s  t h e  
gamma n i t r i d e  t o  gamma i r o n  c a r b o n i t r i d e .  Runs 6CN, 7CN, and 8CN 
were prepared from a c o p r e c i p i t a t e d  Fe-Ag mix tu re  c o n t a i n i n g  3 / 1 ,  
1/1, and 113 weight r a t i o s  of Fe/Ag. 
alkali-promoted magne t i t e ,  and lOCN from leached Raney i r o n .  

Run 9CN was prepared from a n  

B.  Compounds from Coprec ip i t a t ed  I r o n - S i l v e r  Oxides 

Carbides - Coprec ip i t a t ed  i r o n  and s i lver  ox ides ,  t o  g i v e  a 
weight r a t i o  of Fe/Ag of 3 ,  1, and 0.33, were prepared by t r e a t i n g  
t h e  mixed me ta l  n i t r a t e s  with Na2C03, washed wi th  water, and d r i e d  
a t  l l O ° C .  
phase was obtained by c a r b i d i n g  wi th  carbon monoxide a t  an hour ly  
space v e l o c i t y  of 100, f o r  45 hours  a t  a s t epwise  p r o g r e s s i o n  from 
170° t o  35OoC. 
Ag l i n e s ,  f a i n t  l i n e s  of x-Fe2C f o r  t h e  lFe/lAg mix tu re  with no 
evidence of i t s  presence i n  t h e  1Fe/3Ag mix tu re .  
o f  a-Fe a r e  not  p r e s e n t  i n  t h e  1:3 mix tu re  and as chemical  a n a l y s i s  
shows 25 pe rcen t  Fe t h i s  would i n d i c a t e  t h a t  t h e  c a r b i d e  which was 
produced was o f  ve ry  s m a l l  c r y s t a l l i t e  s i z e .  
p r e p a r a t i o n  are given i n  t a b l e s  3 and 4. 

The oxides were reduced with hydrogen a t  45OoC. The X-Fe2C 

X-ray d i f f r a c t i o n  showed, i n  a d d i t i o n  t o  t h e  s t r o n g  

A s  t h e  s t r o n g  l i n e s  

The d e t a i l s  o f  t h e  
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Ni t roca rb ides  - The c a r b i d e s  were n i t r i d e d  wi th  ammonia a t  280°C 
f o r  15 hours.  The X-Fez(C,N) l i n e s  i n  x-ray d i f f r a c t i o n  were aga in  
f a i n t  with t h e  3Fe/lAg, and t h e  lFe/lAg p r e p a r a t i o n s  (Runs 8NC and 9NC) 
and were n o t  ev iden t  on t h e  1Fe/3Ag p r e p a r a t i o n  (10NC). The d e t a i l s  of  
t h e s e  p repa ra t ions  are shown i n  t a b l e  1. 

C. Compounds of  Nickel  and Cobal t  

Compared t o  i r o n ,  n i c k e l  and c o b a l t  appear  t o  o f f e r  f a r  less  
d i v e r s i t y  i n  forming c a r b i d e s  and n i t r i d e s ,  t h e  g e n e r a l l y  accepted  
s to i ch iomet r i c  combinations being Ni3C and N i 3 N  f o r  n i c k e l  and C02C 
and Co2N f o r  c o b a l t .  

Carbides - The formation o f  N i 3 C  by t h e  a c t i o n  of  CO on reduced 
N i  was inves t iga t ed  by Bahr and Bahr (2) and more r e c e n t l y ,  by Eyraud (2) 
and h i s  coworkers. The i r  r e s u l t s ,  which a r e  i n  s u b s t a n t i a l  agreement,  
a r e  represented  i n  f i g u r e  1. 
slowly. However, a t  temperatures  h i g h e r  than  285"C, c a r b i d e  formation 
i s  accompanied by d e p o s i t i o n  of  free carbon. This i s  i n d i c a t e d  by i n -  
o r d i n a t e l y  l a r g e  carbon/metal  r a t i o s ,  fa r  i n  excess  o f  t h a t  f o r  Ni3C.  
F u r t h e r ,  t h e  combined carbon can be  d i s t i n g u i s h e d  chemica l ly  from t h e  
' f r e e '  carbon; t h e  former reacts wi th  H2 a t  about  200°C (180°C, 
accord ing  t o  Bahr and Bahr) ,  whereas t h e  ' f r e e '  carbon does n o t  r e a c t  
w i th  H2 a t  temperatures  below 450°C. 

Below 25OoC, t h e  r e a c t i o n  proceeds v e r y  

C02C has  been t h e  s u b j e c t  of  ex tens ive  s t u d i e s  i n  view o f  i t s  
p o s s i b l e  r o l e  as an in t e rmed ia t e  i n  t h e  Fischer-Tropsch s y n t h e s i s  on 
c o b a l t  c a t a l y s t s  (4) .  The formation o f  C02C by t h e  a c t i o n  o f  CO on 
t h e  e lementa l  metal  and i t s  thermal  i n s t a b i l i t y  i s  comparable t o  t h e  
corresponding a s p e c t s  of  t h e  chemis t ry  of  N i 3 C .  Like N i $ ,  C02C i s  
reduced by hydrogen a t  about  20OoC. 

Pre l iminary  e f f o r t  was d i r e c t e d  a t  p repa r ing  t h e  c a r b i d e s  of  
n i c k e l  and c o b a l t  by a method analogous t o  t h a t  employed f o r  t h e  
p r e p a r a t i o n  of  t h e  c a r b i d e s  of  i r o n ,  namely by pass ing  mix tu res  o f  
carbon monoxide and hydrogen over  a c t i v a t e d  Raney m e t a l s  a t  e l e v a t e d  
temperatures .  However, i t  was found t h a t  as soon a s  t h e  tempera ture  
was r a i s e d  t o  about  180°C, Fischer-Tropsch s y n t h e s i s  r e a c t i o n  s e t  i n  
and t h e  temperature  of  t h e  bed inc reased  r a p i d l y  by as much a s  200° t o  
300°C, depending on t h e  composi t ion o f  t h e  feed gas .  Ana lys i s  of  t h e  
ex i t  gas  ind ica t ed  almost  q u a n t i t a t i v e  conve r s ion  o f  CO t o  cH4. The 
tendency f o r  t h e  temperature  t o  run  away u n c o n t r o l l a b l y  was minimized 
by r e c i r c u l a t i n g  p a r t  of  t h e  e x i t  gas ;  however, no c a r b i d e  format ion  
was ind ica t ed  when samples o f  t h e  me ta l s  so t r e a t e d  were analyzed by 
x - ray  d i f f r a c t i o n .  Th i s  i s  i n  agreement wi th  t h e  e a r l i e r  o b s e r v a t i o n  
o f  Weller, Hofer ,  and Anderson (5) t h a t  no d e t e c t a b l e  amount o f  t h e  
c a r b i d e  of c o b a l t  i s  formed under  c o n d i t i o n s  o f  Fischer-Tropsch 
s y n t h e s i s .  

8 
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Ni3C w a s  prepared by pass ing  CO on a c t i v a t e d  Raney n i c k e l  a t  25OoC 
X-ray a n a l y s i s  of t h e  f o r  48 hours a t  an h o u r l y  space v e l o c i t y  of 100. 

product  so obtained i n d i c a t e d  Ni3C as t h e  major phase,  with small amounts 
of m e t a l l i c  n i c k e l .  The material  was carbided f u r t h e r ,  under t h e  same 
c o n d i t i o n s ,  f o r  an a d d i t i o n a l  20 hours  a f t e r  which only a trace of 
m e t a l l i c  n i c k e l  was d e t e c t a b l e .  
A s e p a r a t e  sample, 1 8 C ,  of Raney n i c k e l  was t r e a t e d  wi th  CO a t  3OO0C, 
b u t  t h e  product so obtained was found t o  b e  contaminated wi th  metal l ic  
n i c k e l  t o  a g r e a t e r  e x t e n t  t han  t h e  one which was ob ta ined  by c a r b i d i n g  
a t  25OoC. 
occur r ing  a t  t h e  h i g h e r  temperature ( see  t a b l e  4 ) .  

The p r e p a r a t i o n  has  been l a b e l l e d  1%. 

The l a r g e  weight g a i n  i s  i n d i c a t i v e  of carbon d e p o s i t i o n  

C02C was prepared by pass ing  CO on a c t i v a t e d  Raney c o b a l t  a t  25OoC 
f o r  48 hours a t  a space v e l o c i t y  of 100 hr.-'. 
t h e  presence of some m e t a l l i c  c o b a l t  i n  t h e  p r e p a r a t i o n  which however 
could not be e l imina ted  even a f t e r  a cont inued c a r b i d a t i o n  f o r  an 
a d d i t i o n a l  24 hours  a t  26OoC. The p r e p a r a t i o n  i s  l a b e l l e d  2OC. When a 
s e p a r a t e  sample  of Raney c o b a l t ,  1 8 C ,  was ca rb ided  with CO a t  3OO0C, 
x - r ay  a n a l y s i s  of t h e  product  i n d i c a t e d  t h e  p re sence  of a l a r g e r  
r e s i d u a l  amount of uncombined c o b a l t  t han  i n  t h e  sample 20C. The l a r g e  
weight gain of t h e  higher- temperature  p r e p a r a t i o n  i s  i n d i c a t i v e  of 
carbon depos i t i on  (see t a b l e  4).  

X-ray a n a l y s i s  i n d i c a t e d  

Al iquo t s  o f  19C and 20C are under p rocess ing  f o r  t h e  p r e p a r a t i o n  
of t h e  n i t r o c a r b i d e s  of n i c k e l  and c o b a l t  r e s p e c t i v e l y .  

I I  
N i t r i d e s  - The chemical r e sea rches  of Hagg (a) and of Juza and 

Sachze (1) on t h e  p r e p a r a t i o n  and p r o p e r t i e s  of Ni3N have been reviewed 
by Hofer (A). The formation of t h i s  compound by t h e  a c t i o n  of gaseous 
ammonia on n i c k e l  h a s  been r e - i n v e s t i g a t e d  r e c e n t l y  by Rienaecker and 
Hohl (8). The ra te  of t h i s  r e a c t i o n  i s  dependent bo th  on t h e  tempera- 
t u r e  and on t h e  space v e l o c i t y  of ammonia. Ni3N i s  known t o  decompose 
a t  temperatures 3 360 O C  wi th  measurable r a t e s  ( I ) .  Accordingly,  lower 
temperatures would favor  t h e  y i e l d  of Ni3N, as was found by Rienaecker 
and Hohl (8) who observed t h a t  t h e  pe rcen tage  conversion o f  n i c k e l  t o  
t h e  n i t r i d e  decreased as t h e  r e a c t i o n  t empera tu re  was r a i s e d  i n  t h e  
range 175°-6000C, t h e  flow r a t e  of ammonia and t h e  d u r a t i o n  of n i t r i d i n g  
being t h e  same throughout.  The s i g n i f i c a n c e  o f  t h e  flow r a t e  of ammonia 
i s  less c l e a r l y  understood. However, expe r imen ta l  evidence (8) suggested 
t h a t  t h e  formation of Ni3N i s  dependent on a s u i t a b l e  space v e l o c i t y  of 
t h e  g a s ,  depa r tu re  from which, on e i t h e r  s i d e ,  i s  d e l e t e r i o u s  t o  t h e  
y i e l d  o f  t he  n i t r i d e .  The n i t r i d e  of c o b a l t ,  CozN, has  a l s o  r e p o r t e d l y  
been prepared by decomposition of t h e  c o b a l t  amide (9) .  However, t h e  
p repa ra t ion  of t h e  c o b a l t  and n i c k e l  n i t r i d e s  appea r s  t o  be a t t ended  by 
unusual d i f f i c u l t i e s  and t h e  success  achieved by v a r i o u s  workers d i f f e r s  
widely.  
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j; A 40-gram charge of a c t i v a t e d  Raney n i c k e l  was t r e a t e d  with MI3 
a t  an h o u r l y  space v e l o c i t y  o f  1,000, f i r s t  a t  175OC f o r  48 h o u r s ,  
t hen  a t  3OO0C f o r  24 hour s ,  and f i n a l l y  a t  38OoC f o r  24 hours .  
samples were withdrawn each time f o r  x-ray a n a l y s i s  which, i n  a l l  cases, 
f a i l e d  t o  show formation of any n i t r i d e .  P a r a l l e l  experiments with 
Raney c o b a l t  i n  t h e  temperature  range 200 O-450 O C  and space v e l o c i t i e s  
1,000-100,000 h r . - l  of "3 were equa l ly  f r u i t l e s s .  
t h e  formation o f  traces of Co3N was obtained when c o b a l t  w a s  t r e a t e d  
w i t h  MI3 (s.v. 10,000 hr.-') a t  43OoC. 

Small 

Some i n d i c a t i o n  o f  

A s  a v a r i a t i o n  of t h e  above approach, a s e p a r a t e  sample of Raney 
n i c k e l  w a s  charged i n  a p r e s s u r i z e d  system and t h e  metal  w a s  t r e a t e d  
wi th  flowing NH3 (and subsequent ly  with a mixture  o f  NH3 and N2) a t  
380'-390°C and a p r e s s u r e  of  75 pounds p s i g .  No trace of n i t r i d e  was 
d e t e c t e d  i n  t h e  h i g h l y  pyrophoric  discharged material even a f t e r  pro-  
longed t r ea tmen t s  extending over  s e v e r a l  days.  

The i n v e s t i g a t i o n  of t h e  n i t r i d i n g  of c o b a l t  and n i c k e l  w i l l  be  
cont inued.  

D. P r e p a r a t i o n  of Co-Ni and N i - A g  Alloys 

Three- and four-component Raney a l l o y s  of t h e  type  Al-Co-Ni o r  
Al-Co-Ag-Au are no t  a v a i l a b l e  commercially. These are,  t h e r e f o r e ,  
be ing  prepared i n  t h e  l abora to ry .  The A 1  component w i l l  t hen  b e  
leached ou t  t o  o b t a i n  an a c t i v a t e d  mixture  of t h e  remaining m e t a l s .  

Three d i f f e r e n t  Raney a l l o y s  of Al-Co-Ni have been prepared which 
on  l each ing  w i l l  g i v e  mixtures  of approximately 75Co-25NiY 50Co-50Ni, 
and 25Co-75Ni. The Raney a l l o y s  were prepared by me l t ing  t o g e t h e r  
a p p r o p r i a t e l y  weighed amounts of commercial A 1 - N i  and A1-Co a l l o y s  i n  
a n  induc t ion  fu rnace ,  shown i n  f i g u r e  2. The molten mass, on coo l ing ,  
w a s  crushed t o  a powder and s ieved t o  150-200 mesh. The aluminum w a s  
leached wi th  c a u s t i c  soda and thoroughly washed w i t h  water. 

One Raney a l l o y  of Al-Ni-Ag has been prepared which a f t e r  removal 
It w a s  not  p o s s i b l e  t o  c rush  o f  A 1  w i l l  y i e l d  a mixture  of 75Ag-25Ni. 

t h i s  Al-Ni-Ag a l l o y  t o  powder; t h e  material  w a s  not  f r i a b l e .  Accord- 
i n g l y ,  t h e  m a s s  was machined i n t o  w i r e l i k e  t u r n i n g s  which were then 
r e p e a t e d l y  r u n  through a hammer m i l l .  The powder so obtained was 
passed through a 40 mesh s i e v e .  The A 1  component was removed, as 
u s u a l ,  by t r ea tmen t  with a l k a l i .  
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Work Plan 

During the next quarter preparation of Raney alloys of Ni-Ag, 
Ni-Au, Co-Ag, Co-Au in 1/1, 3 / 1 ,  and 1 / 3  weight ratios, and Ni-Co-Ag 
and Ni-Co-Au in a 1/1/1 weight ratio will be prepared. The activated 
mixture will be carbided and nitrocarbided. 

The investigation of nitriding nickel and cobalt will be continued. 
When nitriding is successfully accomplished, the techniques will be 
applied to the above alloys. 
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