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It is known that in the interaction of aqueous or  alcohol solutions of sodium borohydride and a nickel 
salt  (chloride, acetate,  sulfate), a black finely divided precipitate is formed, which is an active cata lyst  
of the hydrogenation of many organic compounds [1, 2], the hydrolysis  of sodium borohydride [3], the de-  
composit ion of formic acid, the reduction of the nitrate ion to ammonia, and other p rocesses  [4, 5]. The 
composit ion of the cata lyst  approximately corresponds  to the formula Ni2B [3, 6]. Precipi ta tes  dried by 
t rea tment  with alcohol and ether a re  x - r a y  amorphous,  but after  heating in an a tmosphere  of an inert  gas, 
lines of the boride Ni3B or  Ni2B and metallic nickel appear on the Debye powder pattern [7-9]. On this 
basis  a number of r e s e a r c h e r s  believe that the catalyst  of the reactions indicated above is nickel bortde 
[5]. In addition, there is an opinion that the "nickel boride" catalyst  is a mixture of nickel and boron in 
a finely divided state [10, 11]. An investigation of the NGR-STFe spectra  of precipi tates obtained under 
various conditions in the reaction of iron salts  with NaBH 4 has shown that the "iron boride" precipitate is 
a mixture of 40-70% iron, 5-10% Fe(OH)3, and an unknown iron compound [12]. 

The purpose of this work was a further  investigation of the chemical  nature of the "nickel boride" 
catalyst .  In the work we studied the interaction of the "nickel boride" catalyst  with atmospheric  oxygen, 
water, dilute solutions of acids, the nitrate ion, and s tyrene.  

D I S C U S S I O N  OF R E S U L T S  

In the precipi ta tes  obtained by the interaction of NaBH 4 with NiCI 2 at a mole ratio of 2-2.5 : 1 in water  
and ethanol, the rat io Ni :B is ~2 (Table 1); the summary  content of Ni and B as a function of the condi-  
tions of preparat ion is 96-98% for precipi tates prepared in an a tmosphere  of argon and dec reases  to 80-88% 
when the react ion is conducted [n air .  This indicates an interaction of the catalyst  with water  and a tmo-  
spher ic  oxygen. Theweightof  the precipitate dried with alcohol and ether increases  when it is s tored in a 
des icca tor  over P205. After  the precipi tate  is heated to 400 ~ in a closed sys tem in air ,  the weight gain is 
~27%, which cor responds  to complete oxidation of nickel (experiment 6, Table 2). In the absence of oxy- 
gen, the "nickel boride" catalyst  can be kept under water  for about a yea r  without visible changes.  When 
samples  of the catalyst  are  allowed to stand under a layer  of water  in air,  after  only 7-8 days greenish 
impregnations appear,  and after  1-1.5 months all the nickel is converted to Ni(OH)2. At the same time 
there is a passage of boron into solution. When the precipi tates are  heated in a closed sys tem in a i r  to 
400 ~ a white sublimate is observed on the walls of the vessel ,  which, according to the data of x - r a y  dif- 
fraction study, is boric  acid. In this ease the amount of boron in the precipitate is reduced, and the ratio 
N i : B  = 5.8. 

TABLE 1. Composition of Catalyst  as a Function of the Conditions 
of Production 

Medium Atmosphere 

hr  
Ar 

Air 

~ + ~ ,  

96,6 
95,8 
84,4 
86,5 

Ni ; B ~ Medium 

i ,58 H~O 
2,01 C~HsOH 
t ,76 C2HsOH 
1,84 

Atmosphere Nl%q- B, 

Air I 81,7 
n 

Ar 

H~O 
H,O 
H~O 
H20 

Ni:B 

t ,6i 
2,06 
2,36 
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T A B L E  2. Data  on the A m o u n t  of Hydrogen  and Change in Weight  of the P r e c i p i t a t e  
d u r i n g  Hea t ing  to 400 ~ 

Experi- 
ment 
No. 

Weight of catalyst sample, g 

ibefore experi- 
ment 

0.2619 

0.1502 
0.5855 
0.3429 
0.2889 
0.1607 
0.0670 

0.0318 

after experi- 
ment 

0.2600 

0.1490 

0.5569 

0.3219 
0.3332 

0.2216 

of H~ liberated, 

10.1 

4.4 
24. 5 
25.4 
55.0 

60.5 

28.9 

Amount 

of H 2 per g of 
precipitate, 

38.8 

a m  8 
cm3/g 

29.3 
42.3 
75.0 
191.0 

905.0 

910.0 

A t m o -  

sphere Note 

Dried with alcohol 
and ether 

The same 
n 

Moist precipitate 
The same 
Complete oxidation 
In the presence of 

water  

The same 

T A B L E  3. I n t e r a c t i o n  of P r e c i p i t a t e s  with KNO 3 

Weight of ]Amount of NHa,g/g of] 
~reeipitate,tcatalyst I 

0,126 
0,220 
0,357 
0,304 

0,237 
0,1 

Note 

0,076 
0,089 
0 ,t00 
0,031 

0,051 
0,072 

Moist samples 
The same 

Sampledry after heating at 
400 ~ for 3 h. Does not con- 
tain hydrogen 

Raney Ni 
Ni - calculation according 

to Eq. (2) 

When the p r e c i p i t a t e s  a r e  hea ted ,  t h e r e  is a l i b e r a t i o n  of H 2. The d r i e d  s a m p l e s  l i b e r a t e  ~40 cm3/g,  
m o i s t  s a m p l e s  c o n s i d e r a b l y  m o r e  ( see  T a b l e  2). In a c c o r d  wi th  the da ta  of [13], th is  is  exp la ined  b y  the 
f o r m a t i o n  of h y d r o g e n  a c c o r d i n g  to the  r e a c t i o n :  Ni + 2H20 ~ Ni(OH)2 + H 2. When m o i s t  s a m p l e s  a r e  
h e a t e d  in a i r  to 350-400 ~ at  f i r s t  an evo lu t ion  of gas  is  o b s e r v e d ,  and then i ts  p a r t i a l  a b s o r p t i o n ,  e v i d e n t l y  
on accoun t  of a sh i f t  of the e q u i l i b r i u m  of th is  r e a c t i o n  to the  le f t .  The amoun t  of gas  l i b e r a t e d  s o m e w h a t  
e x c e e d s  what  migh t  have  been  e x p e c t e d .  Th is  m a y  be  e x p l a i n e d  by  a d e c o m p o s i t i o n  of w a t e r ,  c a t a l y z e d  by  
the "n icke l  b o r i d e "  c a t a l y s t .  

The  "n icke l  b o r i d e "  c a t a l y s t  f o r m s  an a m a l g a m  with  m e r c u r y ,  whi l e  it  is  known that  only  n i cke l  c o n -  
t a in ing  h y d r o g e n  is c a p a b l e  of f o r m i n g  an a m a l g a m  [14]. The  qua n t i t a t i ve  d e t e r m i n a t i o n  of hyd rogen  is d i f -  
f i cu l t .  The method  p r o p o s e d  in [15] is  b a s e d  on the r e a c t i o n  

KNOa -p 4H~ -p H~O --+ NH3 + KOH ~- 3H~O. (1) 

Howeve r ,  a m m o n i a  f o r m a t i o n  o c c u r s  not only  on accoun t  of the  h y d r o g e n  of the c a t a l y s t ,  but  a l so  as  
a r e s u l t  of the i n t e r a c t i o n  of n i cke l  wi th  KNO3, which  is  ev iden t  f r o m  the da ta  of T a b l e  3. M o r e o v e r ,  the 
l i n e s  of Ni(OH)2 a r e  o b s e r v e d  on the Debye  powder  p a t t e r n  of the d r y  r e s i d u e  

4Ni + KNOB -p 6H~O -~-- NH,  -}- 4Ni(OH)~ -}- KOH.  (2) 

I t  is a l s o  n a t u r a l  to expec t  the s i m u l t a n e o u s  o c c u r r e n c e  of r e a c t i o n s  (1) and (2) fo r  m o i s t  c a t a l y s t s .  

F r e s h l y  p r e p a r e d  p r e c i p i t a t e s  a r e  e n t i r e l y  d i s s o l v e d  by  HNO 3 and s l o w l y  d i s s o l v e d  b y  d i lu t e  HC1, 
H2SO4, and CH3COOH. The  method  of d e t e r m i n i n g  h y d r o g e n  a c c o r d i n g  to d i s s o l u t i o n  of the c a t a l y s t  in HCI 
[16] does  not g ive  p o s i t i v e  r e s u l t s  (Table  4), s i n c e  in th is  c a s e  the ox ida t ion  of n i cke l  and the amoun t  of 
s o r b e d  h y d r o g e n  l i b e r a t e d  a r e  not c o n s i d e r e d  

Ni -}- 2HC1 ----- NiC12 + H 2. (3) 

B + 3HC1-~-BC1 a -}-3/2 H~. (4) 
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TABLE 4. I n t e r a c t i o n  of a "Nickel  Bor tde"  Ca ta lys t  with Actds 

Acid 

H2804 
HC1 
HC1 

HC1 
HC1 
HC1 

Determined, g 

Ni B 

0.2290 0.0167 
0.2141 0.0214 
0.0646 0.0068 

0.1644 0.0162 
0.1760 0.0176 

0.2647 0.0244 

Volume of H z 
liberated, cm a 

141.8 
149.2 
45.3 

115.3 
113.5 
190.2 

Volume of H 2, cm 3, according to 
Eqs. 

(3) (4) 

87.4 58.1 
81.7 67.2 
24.7 21.3 
62.6 50.2 
67.3 54.8 

102.4 75.4 

TABLE 5. i n t e r a c t i o n  of a "Nickel  Bor ide"  Ca ta lys t  with 
S ty rene  

Catalyst 

Ni-B produced in water 
Ni-B produced in 

ethanol 
Raney Ni 

Weight of pre- 
cipitate, g 

1.0 
1.0 

1.0 

Amount 

9f ethylbenzene 
formed, g 

0.606 
0.965 

0. 354 

of H 2 per g of 
precipitate, 
cm3/g 

126.8 
204.0 

74.8 

It s e e m s  m o r e  adv i sab l e  to d e t e r m i n e  the amoun t  of H 2 with the aid of hyd rogena t ing  agen ts ,  c o n d u c t -  
ing the e x p e r i m e n t  in a m e d i u m  of anhydrous  so lvent ,  w he r e  the re  can  be no i n t e r a c t i on  with n icke l .  De-  
t e r m i n a t i o n  of the a b s o r b e d  H 2 a c c o r d i n g  to the amoun t  of e thy lbenzene  fo rmed  f r o m  s t y r e n e  (Table 5) shows 
that  a "nickel  b o r i d e "  c a t a l y s t  a b s o r b s  a su bs t a n t i a l  vo lume  of hydrogen .  

However ,  he re  too it is d i f f icu l t  to say  whe the r  the va lue  obta ined c o r r e s p o n d s  to the t rue  con ten t  of 
hydrogen .  

Thus ,  our  i nves t i ga t i ons  showed that  a "nickel  b o r i d e "  c a t a l y s t  is oxidized by  a t m o s p h e r i c  oxygen, 
i n t e r a c t s  with wa te r ,  r educes  KNO 3 to a m m o n i a ,  i. e . ,  behaves  l ike  Raney  n ickel  in these  r e a c t i o n s .  The 
pa s sage  of bo ron  into so lu t ion  when the p r e c i p i t a t e  is al lowed to s tand,  as wel l  as the f o r m a t i o n  of bo r i c  
acid d u r i n g  heat ing,  indica te  the p r e s e n c e  of b o r o n  in the e l e m e n t a r y  s ta te .  The use of NaBH4, a foam 
f o r m e r  and hydrogen  sou rce ,  as the r e d u c i n g  agent  l eads  to the fact  that the depos i ted  n icke l  has a highly 
developed s u r f a c e  and a b s o r b s  hydrogen.  

When the p r e c i p i t a t e s  a re  heated in an ine r t  a t m o s p h e r e  to 250-500% the bo r i de s  Ni2B and Ni3B a r e  
fo rmed  [8, 10]. The ques t ion  of the fo rma t i on  of a bor tde  phase  du r ing  the p roduc t ion  of the c a t a l y s t  at  
r o o m  t e m p e r a t u r e  s t i l l  r e m a i n s  somewha t  obscu re .  C o n s i d e r i n g  the hypothes i s  of the f o r m a t i o n  of a so l id  
so lu t ion  of bo ron  and hydrogen  in n ickel  d u r i n g  the p roduc t ion  of a N i - B  coa t ing  (~90~ which is conve r t ed  
to bo r ide s  upon hea t ing  [17], it can be a s s u m e d  that f i r s t  a m i x t u r e  of n icke l  o r  its hydr ide  with b o r o n  is 
fo rmed ,  and it then is conve r t ed  to n icke l  bo r ide  by heat ing .  

E X P E R I M E N T A L  

NaBH 4 (puri ty  99%) was p roduced  by r e c r y s t a l l t z a t i o n  of the t echn ica l  p roduc t  f r o m  wa te r .  Grade  cp 
n icke l  ch lo r ide  and ace ta t e  w e r e  r e c r y s t a l l t z e d  f r o m  w a t e r .  The p r e c i p i t a t e s  we re  obta ined  by pou r ing  to-  
ge the r  aqueous  so lu t ions  of the n icke l  s a l t  and NaBH 4 (mole r a t io  2 .2-2 .5  : 1), followed by  f i l t r a t i o n  and 
wash ing  in a s t r e a m  of a rgon .  

The a n a l y s e s  we re  conducted by  a v o l u m e t r i c  method.  Boron  was d e t e r m i n e d  by t i t r a t i o n  with a lka l i  
in the p r e s e n c e  of mann i to l  a c c o r d i n g  to naphtholphtha le in ,  w he r e upon  n icke l  was bonded by T r i l o n ,  Ni was 
d e t e r m i n e d  by t i t r a t i on  with a so lu t ion  of T r i l o n  a c c o r d i n g  to murex ide .  

The Debye powder  p a t t e r n s  of the p r e c i p i t a t e s  w e r e  obta ined on a URS-55 appa ra tu s  i n a n R K D  c a m e r a  
in copper  r ad i a t i on  with a n ickel  f i l t e r ,  t ime  of e x p o s u r e  16 h. 

2101 



Heating of moist or  dried samples in an atmosphere  of argon or air  was conducted in a test tube 
placed in a thermosta t ica l ly  controlled furnace (•176 The test tube was connected to a gas burette 
through a trap cooled to - 7 8  ~ 

Decomposition with Hydrochloric  Acid. A sample of the moist  catalyst  was placed in a vessel  for 
decomposition, to which 20 ml of 6 N HCI was added, then the vessel  was heated to 80-90 ~ Water vapors,  
boric  and hydrochloric  acids were removed in a trap with alkali and frozen out at - 7 8  ~ H 2 was collected 
in a gas burette.  After  complete dissolution the content of boron and nickel was determined.  

Interaction with KNO 3. A sample of the moist  catalyst  was placed in a flask, and 3 ml of a 1 M solu-  
tion of KNO 3 was added. The mixture was gradually heated to 140 ~ The KNO 3 liberated was absorbed by 
ti tration with a solution of acid. The content of nickel and boron was determined in the dry residue.  

Interaction with Styrene. A weighed sample of the cata lyst  in abs. THF was placed in a long-necked 
hydrogenation flask, and 1.82 g of s tyrene was introduced in an a tmosphere  of argon. Samples were col-  
lected for gas - l i qu id  chromatographic  analysis af ter  definite time intervals (1, 3, 30 mia). The hydrogen 
content was calculated according to the amount of ethylbenzene. 

C O N C L  USI ONS 

1. The dependence of the composition of a "nickel boride" catalyst  on the tempera ture  at which it 
was produced was established. 

2. The interaction of "nickel boride" precipi tates with a tmospher ic  oxygen, water,  acids, the ni- 
trate ion, and s tyrene was investigated. 
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