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In [1] an unusual dependence of the ac t iv i ty  of a 0.3% Pt-A1203 ca ta lys t  in the hydrogenol.ysis  of 
methy lcyc lopen tane  on the p r e s s u r e  of hydrogen and wa te r  adso rbed  by the ca t a lys t  was noted. The in -  
t roduct ion  of wa te r  into the ca ta lys t  (by long t r e a t m e n t  of it  with hydrogen with an oxygen impur i ty)  led to 
an i n c r e a s e  in the r eac t i on  ra te  in e x p e r i m e n t s  at 10 a tm,  and, on the con t r a ry ,  deac t iva ted  the ca t a lys t  in 
e x p e r i m e n t s  at  50 arm. Hydrogen p r e s s u r e  a l so  changes the r eac t ion  ra te  in opposi te  d i r ec t ions ,  depending 
on the p r e s e n c e  of wa te r  in the r eac t i on  s y s t e m :  i nc rea s ing  pH 2 leads  to an i n c r e a s e  in the ac t iv i ty  of a 

ca t a lys t  f r om which wate r  was p r e l i m i n a r i l y  removed;  on the other  hand, it  deac t iva ted  the ca ta lys t  a f t e r  
i t s  s a tu ra t ion  with wa te r .  Thus,  the sign of the effect  of hydrogen p r e s s u r e  on the ac t iv i ty  of a ca t a lys t  is  
d e t e r m i n e d  by the p r e s e n c e  of w a t e r  in the s y s t e m ,  while the sign of the influence of w a t e r  on the ac t iv i ty  
of the ca t a ly s t ,  in turn ,  depends on the hydrogen p r e s s u r e .  A conclus ion on these effects  of pH 2 and wa te r  

was  drawn in [1] on the bas i s  of a c o m p a r i s o n  of the r e s u l t s  of the e x p e r i m e n t s  d e s c r i b e d  in [1-3] and con-  
ducted with va r ious  s a m p l e s  of the ca t a ly s t .  To be t t e r  subs tant ia te  this  conclus ion,  in this  work  we con-  
ducted an analogous inves t iga t ion  of one ca t a ly s t  s a m p l e .  

E X P E R I M E N T A L  M E T H O D  

The hydrogeno lys i s  of methylcyc lopentane  was conducted in a f low-type s y s t e m .  Methods of p r e p a r a -  
t ion of the ca t a lys t  [4] and ana lys i s  of the r eac t ion  produc ts  [5], as  welt  as  the method of pur i f i ca t ion  of 
e l e c t r o l y t i c  hydrogen f rom oxygen and wa te r  [6], were  d e s c r i b e d  e a r l i e r .  Al l  the e x p e r i m e n t s  were  con-  
ducted with one sample  of an a luminopla t inum ca t a ly s t  (platinum content 0.3%, weight of the ca t a lys t  sample  
9.0 g,  bulk volume 14 ml ,  s ize  of t ab le t s  4 • 4 ram) at  350 ~ and a total  p r e s s u r e  of 10 and 50 arm. Two 
s e r i e s  of e x p e r i m e n t s  were  conducted:  in the f i r s t  hydrogen  containing t r a c e s  of oxygen (~0.1%) was used ,  
while in the second oxygen and wa te r  were  r emoved  f rom the hydrogen.  Af t e r  the f i r s t  s e r i e s  of e x p e r i -  
m e n t s ,  the ca t a ly s t  was t r e a t ed  for  a long t ime (18 h) with pur i f i ed  hydrogen at 550 ~ and a ra te  of flow of 
90 l i t e r s / h  to remove  adso rbed  w a t e r  f rom the ca t a ly s t .  Between e x p e r i m e n t s  the ca t a lys t  was t r e a t ed  
with hydrogen of the co r r e spond ing  pur i ty  for  4 h at the indicated ra te  of flow, at  350 ~ in the f i r s t  s e r i e s  of 
e x p e r i m e n t s  and at  550 ~ in the second.  

Al l  the e x p e r i m e n t s  a t  10 a tm and e x p e r i m e n t s  2, 6, and 8 at  50 arm were  conducted at  a ra te  of d e -  
l i v e r y  of methy lcyc lopentane  of 0.13 m o l e / h  and a mole ra t io  H 2 : C5H9CH 3 = 9 (Table ! ) .  Under  these con-  
d i t ions ,  when the p r e s s u r e  was i n c r e a s e d  f rom 10 to 50 arm, not only the p a r t i a l  p r e s s u r e  of hydrogen in -  
c r e a s e d  (from 9 to 45 arm),  but a l so  the p a r t i a l  p r e s s u r e  of methy lcyc lopentane  (from 1 to 5 atm) and the 
condi t ional  t ime  of contact  (from 8 to 40 sec).* A c om pa r i s on  of the r e s u l t s  of expe r imen t s  at constant  

*The conditional time of contact was calculated according to the equation ~- = V/~V, where V is the volume 
of the catalyst; ~V is the sum of the volumes of hydrogen and methyleyclopentane passed over the catalyst 
in 1 sec and reduced to the conditions of the experiments. 
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TABLE i. Hydrogenolysis of iVIethylcyclopentane over a 0.3% Pt 

-Al203 Catalyst (Temperature 350 ~ amount of catalyst 9.0 g (14 
rate of delivery of ChHgCH 3 0.13 mole/h) 

ml), 

K 
Mole ratio 
H~ : C~HgCH3 

Content in catalysts, %' 

2-  
methyl - 
pentane 

Sum of by- 
3 - drogenolysis methyl- n- 
pentane hexane products 

(2C6) 

[ 

r 
2/+  

7 
10 

6 
8 
9 

t t  

10 
t0 
t0 
50 
50 

t0 
t0 
50 
50 
50 
50 

Experiments with hydrogen containing an oxygen impurity 
9 22,3 6,5 14,t I 42,9 
9 18,2 5,9 8,5 I 32,6 
9 t8,7 6,9 t0,2 I 35,8 

4 9 2,2 t,05 t,24 4,5 
50 t,18 0,70 0,65 2,5 

Experiments with hydrogen freed of oxygen and water 

8 9 0,63 0,32 3,t 4,t 
8 9 0,46 0,i9 2,8 3,4 

40 9 0,72 0,55 12,7 14,0 
40 9 0,70 0,54 t4,4 15,6 
8 50 0,28 0,22 6,8 7,3 
8 50 0,32 0,25 7,8 8,4 

0,49 
0,35 
0,39 
0,38 
0,36 

3,3 
4,2 

t0,3 
t t ,6 
13,7 
t3,8 

p r e s s u r e  f r o m  the f i r s t  and  s e c o n d  s e r i e s  p e r m i t t e d  us  to judge  the change  in the a c t i v i t y  of the c a t a l y s t s  
when  w a t e r  was  r e m o v e d  f r o m  i t ,  but  fo r  u n a m b i g u o u s  c o n c l u s i o n s  on the inf luence  of the h y d r o g e n  p r e s -  
s u r e  on the a c t i v i t y  of the  c a t a l y s t ,  the cond i t i ons  d e s c r i b e d  should  be s o m e w h a t  changed .  T h e r e f o r e ,  e x -  
p e r i m e n t s  4, 9, and 11 w e r e  a l s o  conduc t ed  a t  50 a t m  and at  the s a m e  r a t e  of d e l i v e r y  of m e t h y l c y c l o p e n t a n e  
(0.13 m o l e / h )  but  a t  a l a r g e r  r a t i o  of h y d r o g e n  to m e t h y l c y c l o p e n t a n e  - H 2 �9 ChHgCH 3 = 50. T h e s e  e x p e r i -  
m e n t s  d i f f e r e d  f r o m  the e x p e r i m e n t s  a t  10 a t m  only by a l a r g e r  p a r t i a l  p r e s s u r e  of h y d r o g e n  (49 and 9 
a t m ,  r e s p e c t i v e l y ) ,  wh i l e  the c o n d i t i o n a l  t ime  of con tac t  (8 sec )  and p a r t i a l  p r e s s u r e  of  m e t h y l c y c l o p e n t a n e  
(1 a tm)  r e m a i n e d  cons t an t .*  

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

The r e s u l t s  ob ta ined  c o n f i r m  the c o n c l u s i o n s  of [1]. F r o m  da ta  of T a b l e  1 i t  fo l lows  that  the r e m o v a l  of 
w a t e r  f r o m  the c a t a l y s t  by h i g h - t e m p e r a t u r e  t r e a t m e n t  l e d  in the e x p e r i m e n t s  a t  10 a rm to a d e c r e a s e  in 
the  y i e l d s  of p r o d u c t s  of h y d r o g e n o l y s i s  of  m e t h y l c y c l o p e n t a n e  f r o m  33-43 to 3-4% (see  e x p e r i m e n t s  1, 3, 
5, 7, and 10), and ,  on the c o n t r a r y ,  to an  i n c r e a s e  in t h e s e  q u a n t i t i e s  f r o m  5 to 14-16% in the e x p e r i m e n t s  
a t  50 a t m  ( e x p e r i m e n t s  2, 6, and 8). The h y d r o g e n  p r e s s u r e  has  the o p p o s i t e  in f luence  on the r e a c t i o n  r a t e  
a s  a funct ion  of the p r e s e n c e . o f  w a t e r  in the  c a t a l y s t .  I n c r e a s i n g  the h y d r o g e n  p r e s s u r e  f r o m  9 to 49 a rm 
in a s e r i e s  of e x p e r i m e n t s  wi th  a " f r e s h "  c a t a l y s t  c a u s e d  a d e c r e a s e  in the y i e l d s  of  the p r o d u c t s  of h y d r o -  
g e n o l y s i s  f r o m  33-36 to 3% ( c o m p a r e  e x p e r i m e n t s  3 and 5 wi th  e x p e r i m e n t  4), whi le  v a r i a t i o n  of pH 2 wi th in  

the  s a m e  l i m i t s  a f t e r  the r e m o v a l  of w a t e r  f r o m  the c a t a l y s t s  l ed  to an i n c r e a s e  in the r e a c t i o n  r a t e  - the 
s u m  of the  p r o d u c t s  of h y d r o g e n o l y s i s  r o s e  f r o m  3 - 4  to 7-8% ( c o m p a r e  e x p e r i m e n t s  7 and 10 wi th  e x p e r i -  
m e n t s  9 and 11).  The  r e s u l t s  ob t a ined  a r e  i l l u s t r a t e d  by F i g .  1.'~ 

In [1-3] ,  on the  b a s i s  of a s tudy  of  the  r e a c t i o n  k i n e t i c s ,  i t  w a s  h y p o t h e s i z e d  tha t  the h y d r o g e n o l y s i s  
of  m e t h y l e y c l o p e n t a n e  on an a l u m i n o p l a t i n u m  c a t a l y s t  can  p r o c e e d  a c c o r d i n g  to two m e c h a n i s m s .  The f i r s t  
m e c h a n i s m  p r e d o m i n a t e s  on a c a t a l y s t  con ta in ing  a d s o r b e d  w a t e r .  Th i s  m e c h a n i s m  is  c h a r a c t e r i z e d  by 
p r e d o m i n a n t  c l e a v a g e  of bonds  of the m e t h y l e y c l o p e n t a n e  r i n g  d i s t a n t  f r o m  t h e  s u b s t i t u e n t  and the f o r m a -  
t ion  of m e t h y l p e n t a n e s .  When  the r e a c t i o n  p r o c e e d s  a c c o r d i n g  to the f i r s t  m e c h a n i s m ,  the r a t i o  of n - h e x a n e  
(nh) f o r m e d  to the s u m  of  2 - m e t h y l p e n t a n e  (2-mp)  and 3 - m e t h y l p e n t a n e  (3-mp)  i s  l e s s  than  one [nh : (2-  
m p  + 3 - rap )  < 1]. A f t e r  the r e m o v a l  of w a t e r  f r o m  a 0.3% P t - A 1 2 0 3  c a t a l y s t ,  the r e a c t i o n  p r o c e e d s  ch ie f ly  
a c c o r d i n g  to the s e c o n d  m e c h a n i s m .  The  s econd  m e c h a n i s m  is  c h a r a c t e r i z e d  by p r e d o m i n a n t  f o r m a t i o n  
of n - h e x a n e  as  a r e s u l t  of  h y d r o g e n o l y s i s  of the bonds  of the m e t h y l c y c l o p e n t a n e  r i n g  c l o s e s t  to the s u b -  
s t i t u e n t  [nh : (2 -mp + 3- rap)  > 1]. Then ,  on the b a s i s  of a c o m p a r i s o n  of the  d a t a  of [1-3] ,  i t  was  a s s u m e d  
tha t  the  h y d r o g e n  p r e s s u r e  inh ib i t s  the r e a c t i o n  p r o c e e d i n g  a c c o r d i n g  to the  f i r s t  m e c h a n i s m ,  and ,  on the 
c o n t r a r y ,  a c c e l e r a t e s  it  in the c a s e  of p r e d o m i n a n c e  of the second  m e c h a n i s m .  The l a t t e r  a s s u m p t i o n  
i s  c o r r e l a t e d  wi th  the r e s u l t s  of th i s  w o r k :  the a c t i v i t y  of a c a t a l y s t  con ta in ing  a d s o r b e d  w a t e r  d e c r e a s e s  

*Experiments 2, 6, and 8 at 50 atm and time of contact 40 sec were conducted to obtain a larger degree of 

reaction. 
SFigure 1 is only an illustration, and of course, cannot serve as a basis for conclusions of a linear de- 

pendence of the activity and selectivity of the catalyst on pH 2. 
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Fig. i. Influence of the hydrogen and water pressure on the ac- 

tivity (a) and selectivity (b) of a 0.3% Pt-AI203 catalyst: i) ex- 
periments with a catalyst containing adsorbed water; 2) experi- 
ments after removal of water from the catalyst. 

with the hydrogen pressure., and, on the contrary, increases withincreasing pH 2 after the removal of water 
from the catalyst (see Fig. i). 

From the data of Table 1 it follows that in experiments with a catalyst containing adsorbed water, the 
ratio nh : (2-mp + 3-mp) was unchanged with the hydrogen pressure and was an average of 0.39. Evidently 
in these experiments the reaction proceeded according to the first mechanism. The removal of water from 
the catalysts led to a sharp increase in the ratio nh : (2-mp + 3-mp). However, this ratio increased in the 
experiments at i0 arm considerably less (from 0.35-0.49 to 3.3-4.2) than in experiments at 50 arm (from 
0.36-0.38 to 10.3-13.8). In other words, the ratio nh: (2-rap + 3-rap) increased both when water was re- 
moved from the catalyst and when the hydrogen pressure was increased in experiments with a dehydrated 
catalyst (see Fig. i). From the viewpoint outlined, the replacement of the first mechanism by the second 
occurred not only when water was removed from the catalyst, but also when pH 2 was increased. Possibly 

in experiments at I0 arm, conducted after the removal of water from the catalyst, the reaction still oc- 
curred to a substantial degree according to the first mechanism. Therefore, dehydration of the catalyst 
led to its deactivation at a pressure of i0 atm. On the contrary, at 50 arm on a dehydrated cata]Lyst, the 
second mechanism already dominated, and as a result of this, the removal of water from the catalyst led 
to an increase in its activity in experiments at the indicated pressure. 

Thus, the unique influence of adsorption of water and the hydrogen pressure on the activity of an 
aluminoplatinum catalyst might be due to hydrogenolysis of methyleyelopentane according to two mecha- 
nisms. In this case the water adsorbed by the catalyst promotes the occurrence of the reaction according 
to the first mechanism, while hydrogen pressure promotes the second mechanism. 

CONCLUSIONS 

i. The influence of hydrogen pressure and adsorbed water on the activity of a 0.3% Pt-AI203 catalyst 
in the hydrogenolysis of methyleyclopentane was investigated. 

2. The activity of the catalyst decreases both with increasing hydrogen pressure from 2 to 49 arm 
in experiments with a catalyst containing adsorbed water, and when water is removed from the catalyst in 
experiments at a total pressure of i0 arm. 

3. The activity of the catalysts increases both when the hydrogen pressure is increased from 9 to 49 
arm in experiments with a catalyst freed of adsorbed water and when water is removed from the catalysts 
in experiments at a total pressure of 50 arm. 

4. On the basis of the assumption of two mechanisms of the reaction, an explanation was suggested 
for the opposite changes in the activity of the catalyst with increasing hydrogen pressure or with the re- 
moval of water from the system. 

i, 
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