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F.E. Friedli and R.M. Gilbert 
Sherex Chemical Company, Dublin, Ohio 

A p r o c e d u r e  w a s  d e v e l o p e d  that  e x a m i n e s  the  e f fec-  
t i v e n e s s  o f  n i cke l  cata lys t s  for  t h e  h y d r o g e n a t i o n  o f  
fat ty  n i tr i les  to  amines .  Rates  o f  react ion ,  se lect iv i ty ,  
and o l e f in i c  reduct ion  w e r e  the  p a r a m e t e r s  s tudied .  
The procedure  can be u s e d  for n e w  cata lys t  s c r e e n i n g  
and is  idea l ly  su i t ed  for  qual i ty  a s s u r a n c e  t e s t ing  o f  
product ion  cata lys ts .  It  invo lves  the  reduct ion  o f  
n i tr i les  to  a m i n e s  at  410~F (210"(:;) and 500 ps ig  us ing  
a .2% Ni load ing  level .  A mix ture  o f  pr imary  and sec-  
ondary  a m i n e s  is  ob ta ined  which  is  character i s t i c  o f  
the  cata lys t ' s  se lect iv i ty .  Both  s p o n g e  and s u p p o r t e d  
n i c k e l  cata lys t s  w e r e  t e s t e d  us ing  ta l l ow  n i tr i l es  as  
t h e  f e e d s t o c k .  

Cata ly t i c  h y d r o g e n a t i o n  o f  n i t r i les  to  a m i n e s  is t h e  pr i -  
m a r y  m o d e  of  p r e p a r a t i o n  of  m a n y  ca t ion ic  s u r f a c t a n t s .  
The  r a t e  of  r e a c t i o n  a n d  se lec t iv i ty  of  a p a r t i c u l a r  c a t a l y s t  
a r e  c r i t i ca l  p a r a m e t e r s  in d e t e r m i n i n g  w h e t h e r  a c a t a l y s t  
will e conomica l l y  p r o d u c e  an  a c c e p t a b l e  p r o d u c t .  Sur-  
pr is ingly,  few t e s t  p r o c e d u r e s  for  c a t a l y s t s  have  been  pub -  
l ished.  Me thods  ex i s t  (1 )  for  t e s t ing  for  su r f ace  area ,  
poros i ty ,  a n d  o t h e r  p a r a m e t e r s  n e e d e d  to  phys i ca l l y  
c h a r a c t e r i z e  a ca ta lys t ,  b u t  a c c e p t e d  p r o t o c o l s  for  evalu-  
a t ing  a c a t a l y s t  for  n i t r i le  r e d u c t i o n  have  no t  been  
def ined .  The  AOCS ac t iv i ty  t e s t  of  oil h a r d e n i n g  c a t a l y s t s  
(2)  a n d  P a p e r s  by  A lco rn  (3)  a n d  C h a u d h a r i  (4)  a r e  
e x a m p l e s  of  e v a l u a t i o n s  of  h y d r o g e n a t i o n  ca ta lys t s .  

O leochemica l  c o m p a n i e s  t h a t  m a k e s  a m i n e s  have  
m e t h o d s  to  e x a m i n e  c a t a l y s t s  for  n i t r i le  r educ t ion .  Since  
t h e s e  u sua l ly  mimic  a p r o d u c t i o n  p rocess ,  t h e y  a r e  k e p t  
as  t r a d e  secre t s .  C a t a l y s t  m a n u f a c t u r e r s  con t ro l  t he  
qua l i ty  of  t he i r  m a t e r i a l s  by  t e s t ing  t h e m  us ing  t h e i r  own 
ni t r i le  r e d u c t i o n  p r o c e d u r e s  or, m o r e  often,  by  an  unre -  
l a t e d  h y d r o g e n a t i o n .  Reduc t i ons  of  n i t robenzene ,  sor-  
bitol,  o r  soybean  oil have  been  used  as  qua l i ty  a s s u r a n c e  
t e s t s  on nickel  c a t a l y s t s  r ega rd l e s s  of  t he  i n d u s t r y  t he  
p r o d u c t s  serve. 

A m e t h o d  of  c a t a l y s t  eva lua t i on  for  b a t c h  r e d u c t i o n  of  
n i t r i l es  to  a m i n e s  is n e e d e d  a n d  is p r e s e n t e d  here .  

EXPERIMENTAL 

The ni t r i les  used  for  t h e  s t u d y  were  d is t i l led  t a l low 
ni t r i les  f rom s t a n d a r d  p r o d u c t i o n  a t  Sherex .  A sponge  
n ickel  a n d  t h r e e  s u p p o r t e d  n ickel  ca t a ly s t s  we re  evalu-  
a t e d  by  t h e  p r o c e d u r e .  The ca t a ly s t s  u sed  were  c o m m e r -  
cial  m a t e r i a l s  f rom Grace ,  Hoechs t ,  Uni ted  Cata lys t ,  a n d  
E n g l e h a r d  ( H a r s h a w ) ,  p r o v i d e d  as  free samples .  

All  r e d u c t i o n s  we re  c a r r i e d  ou t  us ing the  ou t l i ned  
p r o c e d u r e  (Table 1) o r  only  s l ight  va r i a t ions .  The t e m p e r -  
a t u r e  r ise  was  c on t ro l l e d  by  a d d i t i o n  of  smal l  a m o u n t s  of  
w a t e r  t h r o u g h  t h e  cool ing coils o f  t h e  r eac to r .  The  feed-  
s t o c k  ni t r i le  was  ana lyzed  for  ac id  va lue  (5)  a n d  % a m i d e  
(6-8) .  P r o d u c t  ana lyses  were  by  s t a n d a r d  AOCS t e s t s  (9)  
for  Tota l  A m i n e  Value (TAV), S e c o n d a r y  & T e r t i a r y  A m i n e  
Value ( I I  + II!  AV), T e r t i a r y  A m i n e  Value ( I I I  AV), a n d  
Iod ine  Value (IV). Convers ion  was  c h e c k e d  by  i n f r a r e d  
( IR)  ana lys i s  on a Pe rk in -E lme r  1420 s p e c t r o m e t e r ;  t h e  
c h a r a c t e r i s t i c  n i t r i le  a n d  imine  a b s o r b a n c e s  a t  2200 cm- 
1 a n d  1650 cm-1, r e spec t ive ly  we re  m e a s u r e d .  

F r o m  the  a m i n e  va lues  us ing equa t i ons  1, 2, a n d  3, % 
p r i m a r y ,  % se c onda ry ,  a n d  % t e r t i a r y  a m i n e  were  
ca l cu la t ed .  

(TAV) - ( I I  + III  AV) 

% primary = 217 (1) 

( I I  + I I I  AV) - ( I I I  AV) 

% s e c o n d a r y  = 113 

III  AV 

(2)  

% t e r t i a r y  = 75 (3)  

TABLE 1 

Proposed Method for Catalyst Evaluation for Batch Reduction of Nitriles to Amines 

Apparatus: 
Parr SS autoclave (2-L, cooling coil, agitator, temperature controller, and pressure gauge). 

Reagents: 
500 g distilled soft 
tallow nitrfle 

(Acid Value = .1 max., 
optional % amide = .3 max.) 

about 2 g nickel catalyst (sufficient to provide 
1.00 g nickel metal) 

Operating Steps: 

1. Charge the nitrile and catalyst to reactor, close, and start the agitator. 
2. Pull vacuum (25 mm Hg or less) on the reactor and heat-up to 4000F. 
3. At 400 - 405~ break the vacuum with hydrogen. 
4. Pressure to 500 psig and maintain pressure between 400 - 500 psig and control the exotherm to 

maintain 410"F (210~C). 2= 5~ 
5. When hydrogen uptake ceases, sample and analyze for amine and iodine values. 
6. Thirty minutes later, sample for amine and iodine values and stop the hydrogenation. 
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RESULTS AND DISCUSSION 

Two types  of  p r o d u c t s  a re  des i red  f rom the  hydrogena-  
t ion o f  long-chain  ni t r i les  - -  p r i m a r y  amines  a n d  dialkyl 
s e c o n d a r y  amines  ( equa t ions  4 & 5). The  f o r m e r  are  use- 
ful as min ing  f lo ta t ion  reagents ,  a spha l t  emulsif iers ,  cor-  
ros ion inhibi tors ,  and  as chemica l  i n t e r m e d i a t e s  to  o t h e r  
su r fac tan t s .  The  l a t t e r  a re  usual ly  f u r t h e r  der iva t ized  to 
q u a t e r n a r y  sa l ts  for  use in o r g a n o c l a y  complexes ,  suga r  
refining, p e r s o n a l  care ,  and  l a u n d r y  p roduc t s .  Ca ta lys t  
se lect ivi ty  to  give the  des i red  amine  is mos t  impor t an t .  
O the r  s ignif icant  p a r a m e t e r s  a re  t he  r a t e  of  convers ion  to  
p r o d u c t  and  the  r a t e  of  dec rea se  in IV. 

2H2 
RCN . . . . .  ~ R-CH2 NHz (4) 

cat. 

4H2 
2 RCN . . . . .  > (R-CH2) zNH + NH3 (5) 

cat.  

The  chosen  p r o c e d u r e  (see Table 1) involved a "dead- 
headed"  r e a c t o r  wi th  a pa r t i a l  p r e s s u r e  of  hydrogen  only. 
By design, this  m e t h o d  gave a m i x t u r e  of  p r i m a r y  a n d  
s e c o n d a r y  amines  and  a m m o n i a  which  was  cons i s t en t  
f rom ba t ch  to ba t ch  for  a ca ta lys t  and  indica t ive  of  its 
i n h e r e n t  selectivity. The s t rongly  e x o t h e r m i c  n a t u r e  of  
t he  ni t r i le  hyd rogena t i on  posed  a t e m p e r a t u r e  con t r o l  
p r o b l e m  t h a t  was  the  larges t  source  of  e r r o r  in ba t ch  
consis tency.  

Table 2 shows d a t a  ob ta ined  a t  va r ious  condi t ions .  A 
ba l ance  be tw een  r ea sonab le  r eac t i on  rate,  co r r ec t  p rod-  
uc t  d is t r ibut ion,  and  cont ro l lab le  t e m p e r a t u r e  is neces-  
sary. Reduc t ions  a t  500-600  psig and  410*F w e r e  too  fas t  
to  cons i s ten t ly  con t ro l  t he  t e m p e r a t u r e  to  + 5"F bu t  a t  400 
- 500 psig t h e y  w e r e  s lower  a n d  m o r e  manageab le .  Incom-  
p le te  convers ion ,  as m e a s u r e d  by bo th  amine  va lues  (88% 
af te r  300 rain) and  IR, o c c u r r e d  a t  200 psig, p robab ly  due  
to bui ld  up  of  a m m o n i a  concen t r a t i on .  Since ou r  goal was  
a 1 to  2 h o u r  t es t  t h a t  p r o d u c e d  a s ignif icant  and  cha r ac -  
ter is t ic  level o f  s e c o n d a r y  amines ,  the  r a t e  a t  330~F was  

TABLE 2 

Effect  of  Pressure & Temperature (Catalyst  - -  sponge nickel )  

II+ III Primary Secondary Te~iary Time 
TAV IIIAV AV Amine % Amine % Amine % IV (min) Remarks 

Condemns: 410~F 500-600 ps~ 

192 28 2.1 75 23 2 nd* 40 
191 30 2.0 74 24 2 nd 60 
189 35 3.2 69 29 3 17 90 no H2 uptake 
186 36 2.4 68 30 3 15 120 final 

Cond~mns:410~F 400-500 psig 

88 6 nd 38 5 nd nd 20 
122 9 nd 52 8 nd nd 30 
161 8 nd 71 8 nd nd 40 
187 14 nd 80 13 nd nd 50 uptake slower 
190 21 nd 78 18 nd nd 60 
188 34 1.1 71 28 1 30 90 no H 2 uptake 
187 34 1.2 71 28 1 25 120 fmM 

Cond~ions:380~F 400-500psig 

125 nd nd 58 nd nd nd 20 
162 nd nd 75 nd nd nd 30 
182 6.1 1.5 81 4 1 nd 40 
197 11.3 1.2 86 9 1 21 60 
197 22 1.1 80 19 1 12 100 final 

Cond~mns:380*F 200 ps~ 

90 nd nd 41 nd nd nd 60 
136 nd nd 63 nd nd nd 120 
163 nd nd 75 nd nd nd 180 
176 nd 1.2 81 nd 1 nd 240 
182 7 1.1 81 6 1 18 300 final 

Cond~mns:330"F 400-500ps~ 

69 nd nd 32 nd nd nd 20 
119 nd nd 55 nd nd nd 40 
156 nd nd 72 nd nd nd 60 
181 nd 1.0 83 nd 1 nd 80 
193 13 1.1 83 11 1 37 110 fm~ 

*nd= not determined. 
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TABLE 3 

Resul t s  o f  Reduct ions  Comparing the Di f ferent  Catalysts  

Catalyst II+ III Primary Secondary Tertiary Time 
Used TAV IIIAV AV Amine % Amine % Amine % IV (min) Remarks 

Conditions: 410"F 400-500 psig 

Sponge 188 34 1.1 71 28 1 30 90 no H2 uptake 
Nickel 187 34 1.2 71 28 1 25 120 final 

Supported 148 79 5.6 31 63 6 24 30 no H2 uptake 
Catalyst A 143 80 5.2 29 65 6 24 60 final 

Supported 160 66 1.1 43 56 1 23 30 no H2 uptake 
Catalyst B 150 78 2.1 33 65 2 22 60 fmal 

Supported 174 50 1.1 57 42 1 28 20 no H2 uptake 
Catalyst C 158 64 1.2 43 56 1 13 50 fmal 

d e e m e d  to be too  s low b e c a u s e  it p r o d u c e d  only  I 1% sec- 
o n d a r y  a m i n e s  in 110 rain. Reac t ion  a t  410r was  c h o s e n  
as  t he  o p t i m u m .  

The h e a t - u p  f rom r o o m  t e m p e r a t u r e  to  410~ t a k e s  30-  
60 minutes .  Dur ing  th is  t ime,  t he  r e a c t o r  can  be u n d e r  
h y d r o g e n  p re s su re ,  n i t rogen  p re s su re ,  or  vacuum.  Using 
h y d r o g e n  keeps  t he  c a t a l y s t  ac t ive  b u t  t he  e x a c t  s t a r t  of  
t he  r e a c t i o n  is no t  cont ro l lab le .  The p r e s e n c e  o f  n i t rogen  
m a y  a l t e r  t h e  ac t iv i ty  of  t he  c a t a l y s t  a n d / o r  a l low 
d e h y d r o g e n a t i o n - t y p e  s ide  reac t ions ,  a n d  r equ i r e s  t h e  
r e a c t o r  to  be  v e n t e d  j u s t  p r i o r  to  p r e s s u r i n g  wi th  hyd ro -  
gen. Keep ing  i t  u n d e r  v a c u u m  also r u n s  t h e  r isk of  chang-  
ing the  ac t iv i ty  o f  t he  c a t a l y s t  a n d  p r o m o t i n g  s ide  reac-  
t ions,  bu t  t h e  s t a r t  of  t h e  r e a c t i o n  is eas i ly  def 'med. 
Cons ide r ing  all  of  t h e s e  p a r a m e t e r s ,  we d e c i d e d  to  h e a t  
up  u n d e r  v a c u u m  a n d  b r e a k  th is  w i th  h y d r o g e n  a t  reac-  
t ion  t e m p e r a t u r e .  Prev ious  w o r k  in ou r  l a b o r a t o r y  has  
s h o w n  no a d v e r s e  effects  f rom th is  a p p r o a c h .  

The  p r o p o s e d  p r o c e d u r e  t a k e s  a s a m p l e  w h e n  t h e  
h y d r o g e n  u p t a k e  h a s  c e a s e d  o r  is ve ry  slow. No r e s i d u a l  
ni t rf le  o r  Imine  was  obse rved  a t  th is  t ime.  Then the  reac-  
t ion  is c o n t i n u e d  a n o t h e r  t h i r t y  minu tes ,  a t  wh ich  t ime  a 
f inal  s a m p l e  is t aken .  The  a d d i t i o n a l  t h i r t y  m i n u t e s  is to  
a l low t ime  for  an  equ i l ib r ium m i x t u r e  of  a m i n e s  to  be 
e s t a b l i s h e d  a n d  d e t e r m i n e  if t h e r e  has  been  f u r t h e r  
r e d u c t i o n  in IV. 

Table 3 shows  t h e  r e su l t s  of  c a t a l y s t  c o m p a r i s o n s  us ing  
t h e  p r o p o s e d  p r o c e d u r e .  Sponge  nickel  is k n o w n  to  be a 
good  c a t a l y s t  for  p r e p a r a t i o n  of  p r i m a r y  a m i n e s  (10). I t  
gave t h e  h ighes t  Tota l  A m i n e  Value a n d  the  lowest  Sec- 
o n d a r y  a n d  T e r t i a r y  A m i n e  Values  o r  a b o u t  a 71 /28  r a t i o  
of  p r i m a r y / s e c o n d a r y  amines .  S u p p o r t e d  Ca ta lys t  A h a d  
t h e  h ighes t  r a t e  of  p r e p a r i n g  s e c o n d a r y  amines ,  whi le  
S u p p o r t e d  Ca ta lys t  B p r o d u c e d  less t e r t i a r y  amines .  Sup-  
p o r t e d  Ca ta lys t  C c a u s e d  the  h ighes t  r a t e  of  h y d r o g e n  
u p t a k e  a n d  s e e m e d  bes t  for  IV r educ t ion .  

Ideal ly,  a c a t a l y s t  good  for  p r i m a r y  a m i n e s  will have  a 
h igh  r a t i o  of  p r i m a r y / s e c o n d a r y  amines ,  r e t a i n  t h e  IV 
( m a n y  p r i m a r i e s  so ld  a r e  u n s a t u r a t e d ) ,  a n d  have  fas t  
convers ion .  Sponge  nickel  is t h e  bes t  choice  for  p r imar i e s .  
A good  s e c o n d a r y  a m i n e  c a t a l y s t  will  have  a high r a t i o  of  
s e c o n d a r y / p r i m a r y ,  h a r d e n  the  IV ( m o s t  s e c o n d a r y  

amines  a r e  s a t u r a t e d ) ,  give a low p e r c e n t a g e  of  t e r t i a r y  
amine ,  a n d  a lso  have  fas t  convers ion ,  t h e  d a t a  s u p p o r t s  
Ca ta lys t  B as t he  bes t  for  s econda r i e s .  R e p e a t  exper i -  
m e n t s  gave a m i n e  a n d  iod ine  va lues  wi th in  4 un i t s  of  e ach  
o ther .  

Hand l ing  of  t he  f eeds tock  ni t r i le  is a n o t h e r  c o n c e r n  
when  c o m p a r i n g  a n e w  c a t a l y s t  to  a s t a n d a r d  ca ta lys t .  
Tal low ni t r i le  is no t  a p u r e  subs t ance .  I t  c o n t a i n s  seve ra l  
cha in  lengths  a n d  s o m e  u n s a t u r a t i o n .  Smal l  a m o u n t s  of  
f a t t y  ac id  a n d  a m i d e  a r e  also p resen t .  Since the  n i t r i le  
was  de r ived  f rom a n a t u r a l  fat,  t r a c e  a m o u n t s  of  phos -  
pho l ip ids ,  b e t a - c a r o t e n e s ,  a n d  o t h e r  n a t u r a l  s u b s t a n c e s  
can  occur .  Each  lot  o f  n i t r i le  is t h u s  s o m e w h a t  unique.  I t  
is a lso no t  t o t a l l y  s table ,  being sub jec t  to  a i r  ox ida t ion .  

F o r  e x p l o r a t o r y  c a t a l y s t  eva lua t ion ,  o u r  l a b o r a t o r y  
p r e f e r s  to  a lways  r u n  a s t a n d a r d  c a t a l y s t  a g a i n s t  a n e w  
c a t a l y s t  us ing a f resh  b a t c h  of  n i t r i le  as  t h e  feeds tock .  F o r  
qua l i t y  a s s u r a n c e  o f  m a n u f a c t u r e d  ca ta lys t ,  it  is r e c o m -  
m e n d e d  t h a t  on ly  t h e  new c a t a l y s t  be r u n  us ing a lot of  
n i t r i le  s t o r e d  in a f reezer  in b a t c h  size j a r s .  This  f rozen  
ni t r i le  is p r o b a b l y  good  for  over  a year .  

The p r o p o s e d  p r o c e d u r e  is s imple  a n d  can  be f in i shed  
in 1 to  3 hours .  I t  is idea l  for  qua l i ty  a s s u r a n c e  t es t ing  
s ince  each  b a t c h  of  c a t a l y s t  shou ld  give c o n s i s t e n t  r a t io s  
of  amines '  u n s a t u r a t i o n  levels. I t  is a lso  a quick  ini t ia l  t e s t  
of  a n e w  ca ta lys t .  B a s e d  u p o n  t h e  d a t a  g e n e r a t e d  in t h e  
in i t ia l  eva lua t ion ,  a p r o s p e c t i v e  c a t a l y s t  can  t h e n  be  t r i e d  
wi th  t h e  a p p r o p r i a t e  p r o p r i e t a r y  a m i n e  p r o c e d u r e .  
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