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Most of the reactions catalyzed by zeolites belong to the carbonium ion type, and their  acce le ra -  
tion is explained by the acid proper t ies  of the decationized and multivalent cationic forms of the crystal l ine 
aluminosil icates [1-3]. As a rule, the monovalent cationic modifications {with the exception of Li and Ag) 
are  not active in the indicated reactions.  Water extracts  of these zeolites, represent ing the salts of s trong 
bases and weaker a luminum-s i l i con  heteropoly acids, have an alkaline reaction [4-6]. It is natural  to 
expect that they should exhibit a catalytic activity in react ions that are  accelera ted  by bases.  Some ex- 
amples of such react ions are given in [2, 7], but they have received little study, and neither have the 
catalytic proper t ies  of the monovalent cationic forms of zeolites. 

In the present  communication are given the results  that were obtained when n-butyraldehyde was t r ans -  
formed on some zeolite catalysts in the presence  of hydrogen and also without it. At the present  t ime 
isooctyl alcohol (2-ethylhexanol) is obtained f rom butyraldehyde, the es ters  of which with various acids 
are  valuable p las t ic izers  [8]. The methods used are  the direct  (one-step) catalytic conversion of the alde- 
hyde to isooctane, or its condensation to 2-ethylhexenal and the hydrogenation of the lat ter  to octyl alcohol. 
A search  for new catalysts for these p rocesses  is of pract ical  interest .  

The catalysts were prepared  f rom zeolite NaY with SiO2/A1203= 4.4, and the pH of the water  extract  
(100 ml of distilled water  per  2 g of crystall i te) was 9.7. By washing it with distilled water we obtained a 
NaY sample with pH 7.7, while by ionic exchange with KCI, NHaC1 and Nd(NO3) 3 we obtained the cationic 
modificat ions (the degrees of Na + exchange are  indicated in Table 1). The decomposition of NHcNaY to 
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Fig. 1. Change in yield of 2-ethylhexenal with t ime on zeolites NaY (1), 
KNaY (2), NaY with pH 7.7 (3), NdNaY (4) and HNaY (5). The conditions 
are  indicated in Table 1. 

Fig. 2. Conversion of butyraldehyde to butanol (1), 2-ethylhexenal (2), 2- 
ethylhexanal (3) and 2-e thy l - l -hexanol  (4) on 4~c Ni /NaY as a function of 
the t ime of catalyst operation at 200 ~ molar  ratio n-C4H80 : H 2 = 1 : 1.4, 
feed rate of mixture 0.144 M / h  (0.53 h -1 in aldehyde). 
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T A B L E  1. 
at  200~ 
the  C a t a l y s t s  had  O p e r a t e d  f o r  1 Hour  

pH of " Amount in "organic" layer, ~a I = ' 
o ~"o 

Catalyst extract h,~t~.~l aexanal .~2-ethyl- n-butyric] 3m 
water ).-ethyl- ] I'~ '~'v 

. . . . . . . .  ~)utyl |hexenal acid =~ ~ 
but ate / 

NaY 

NaY 
0,70 KNaY 
0,63 NdNaY 
0,68 HNaY 
5% Ni0/NaY 

Condensation of n - B u t y r a l d e h y d e  on Zeolite C a t a l y s t s  
F e e d  R a t e  6 M / l i t e r . h  (0.53 h - i ) ,  Da ta  Ob ta ined  a f t e r  

0,9 
0,3* 
t,6? 
0,8 
0,5 
t,3 
0,9 
0,6 

0,5 3t, 2 
0,3 27,5 
1,0 23,7 
0,5 26,3 
0,8 37,7 
0,9 t2,6 
0,9 lO,O 
0,8 30,4 

- -  46,8 
40.0 

C7 4t;0 
0,6 4t,7 

48,6 
1~t 33,5 
t,3 29,6 
1,t 45,8 

9,7 

7,7 
7,9 

*After running four experiments and regeneration. 
~- 250 ~ in a H 2 stream, v = 2 liters/h n-C4HsO �9 H 2 = 1 �9 1.4 mole. 

O N  

29,1 
26,0 
2i,9 
24,5 
36,5 
i l ,4  
9,5 

29,9 

HNaY was  run at  500 ~ in a s t r e a m  of a i r .  The  c a t a l y s t  4~c N i / N a Y  was  p r e p a r e d  by  i m p r e g n a t i n g  the s t a r t -  
ing  z e o l i t e  wi th  a so lu t i on  of t he  c a l c u l a t e d  amount  of n i c k e l  a c e t y l a e e t o n a t e  in m e t h a n o l  and subse q uen t  
t r e a t m e n t  (in the  r e a c t i o n  tube)  wi th  H 2 at  450 ~ f o r  5h, whi l e  the  5~c N i O / N a Y  was  p r e p a r e d  by  hea t ing  the  
N i / N a Y  c a t a l y s t  in a i r  at  500 ~ The  p o w d e r y  c a t a l y s t s  w e r e  m o l d e d  wi thout  a b i n d e r  into t a b l e t s  4 x 4 ram, 
which  w e r e  d e h y d r a t e d  at  500 ~ and then c h a r g e d  in an amoun t  of 10 m l  (4 .95-5.20 g) into a P y r e x  r e a c t o r .  
The  p r o d u c t s  w e r e  a n a l y z e d  c h r o m a t o g r a p h i c a l l y  us ing  the  cond i t ions  g iven  in [9]. The  p r i n c i p a l  c o n d e n s a -  
t ion  p r o d u c t s  of the  a l d e h y d e  on a l l  of the  c a t a l y s t s  w e r e  2 - e t h y l h e x e n a i  and w a t e r .  The  c a t a l y z a t e  con-  
r a i n e d  s m a l l  a m o u n t s  of bu ty l  b u t y r a t e  (0.3-1.0%), and a l so  bu tano l  and b u t y r i c  acid ,  which  w e r e  a p p a r e n t l y  
f o r m e d  as  the  r e s u l t  of the  h y d r o l y s i s  of the  e s t e r .  The  a c i d  was  a b s e n t  in the  p r o d u c t s  in the  c a s e  of 
NaY (pH 9.'?) and KNaY at  200 ~ which  i s  e x p l a i n e d  by  i t s  be ing  bound  by  the  b a s i c  z e o l i t e s .  The  l a t t e r  can 
be  one of the  r e a s o n s  f o r  the  d e c r e a s e  in t he  a c t i v i t y  of the  s a m p l e s  wi th  t i m e  (Fig .  1). 

In the  p r e s e n c e  of NdNaY and HNaY, and a l s o  NaY, at  t e m p e r a t u r e s  above  200 ~ was  o b s e r v e d  the 
p r o g r e s s  of s i de  r e a c t i o n s  f o r  the  d e c o m p o s i t i o n  of the  s t a r t i n g  a l d e h y d e  and 2 - e t h y l h e x a n a l ,  which  w e r e  
a c c o m p a n i e d  by  c o n s i d e r a b l e  gas  f o r m a t i o n ,  e s p e c i a l l y  in the  f i r s t  10-40 min  of c a t a l y s t  o p e r a t i o n .  

When  b a s e d  on t h e i r  a c t i v i t y  in the  c r o t o n i e  condensa t ion ,  the  i n v e s t i g a t e d  c a t a l y s t s  can be  a r r a n g e d  
in the  o r d e r  (Table  1): KNaY >NaY (pH 9.7) ~ 5% N i O / N a Y  > NaY (pH 7.7) > NdNaY > KNaY. On the b a s i c  
z e o l i t e s  the  t o t a l  c o n v e r s i o n  of the a l d e h y d e  and the  y i e l d s  of 2 - e t h y l h e x a n a l  a r e  h i g h e r  than  on a c i d  c a t a l y s t s  
(HNaY and NdaY).  The  l a t t e r  a r e  m o r e  ac t i ve  in the  s i de  r e a c t i o n s  (decompos i t ion ,  h y d r o g e n  r e d i s t r i b u t i o n ,  
e tc . ) ,  and  h )wer  t h e i r  a c t i v i t y  m o r e  r a p i d l y  (see  F i g .  1). A h igh ly  s t a b l e  c a t a l y s t  was  z e o l i t e  NaY (pH 9.7), 
wh i l e  KNaY was  a h igh ly  ac t i ve  c a t a l y s t .  The  c o n v e r s i o n  of the  b u t y r a l d e h y d e  and the y i e l d  of 2 - e t h y l -  
hexena l ,  when b a s e d  on the  s t a r t i n g  NaY s a m p l e ,  d e c r e a s e d  s l i g h t l y  a f t e r  w a s h i n g  it to  pH 7.7 o r  a f t e r  r u n -  
n ing  s e v e r a l  e x p e r i m e n t s  (washing the  r e a c t i o n  m i x t u r e  wi th  NaOH so lu t i on  and, in p a r t i c u l a r ,  one of the  
p r o d u c t s  wi th  w a t e r ) .  Th i s  g i v e s  r e a s o n t o  b e l i e v e  tha t  the  c a t a l y t i c  ac t ion  is  i n h e r e n t  to the  z e o l i t e s  t h e m -  
s e l v e s ,  arid not  to the  a d s o r b e d  a lka l i ,  in which  connec t ion  t h e i r  p r o p e r t i e s  depend  on the  n a t u r e  of the  
ca t ion .  The add i t i on  of 5% NiO is  p r a c t i c a l l y  wi thout  e f fec t  on the  p r o p e r t i e s  of the  NaY s a m p l e .  In con-  
t r a s t  to Nd2D 3 [10], d i p r o p y l  ke tone  was  not  ob t a ined  on z e o l i t e  NdNaY. 

We ate:erupted the  o n e - s t e p  s y n t h e s i s  of 2 - e t h y l h e x a n o l  f r o m  b u t y r a l d e h y d e  and H 2 in the  p r e s e n c e  of 
the  t w o - c o m p o n e n t  c a t a l y s t  4~ N i / N a Y  (zeo l i t e  NaY f a i l e d  to exh ib i t  a h y d r o g e n a t i n g  a c t i v i t y  even at  250 ~ 
T a b l e  1). However ,  in th i s  case ,  t o g e t h e r  wi th  i s o o c t a n o l ,  we o b t a i n e d  butanol ,  2 - e t h y l h e x a n a l ,  2 - e t h y l -  
h e x e n a l  and w a t e r ,  the  y i e l d  of which  changed  with  t i m e  (Fig.  2). The  y i e l d s  of the  c onde nsa t i on  p r o d u c t s  
i n c r e a s e d  wi th  d e c r e a s e  in the  c a t a l y s t  a c t i v i t y  in the  h y d r o g e n a t i o n  of the  a l d e h y d e  to butanol ,  in which  
connec t ion  the c o n v e r s i o n  of b u t y r a l d e h y d e  to 2 - e t h y l h e x a n o l  and 2 - e t h y l h e x a n a l  was  at  a m a x i m u m  a f t e r  
2.5 and 5 h of c a t a l y s t  ope ra t i on ,  r e s p e c t i v e l y ,  whi l e  the  c o n v e r s i o n  to 2 - e t h y l h e x e n a l  i n c r e a s e d  up to 9 h 
and then  r e i a a i n e d  cons t an t .  The  t o t a l  d e g r e e  of a l d e h y d e  c o n v e r s i o n  in 12 h d r o p p e d  f r o m  90 to 40%. The  
a b o v e - m e n t i : o n e d r e l a t i o n s h i p s  a r e  a p p a r e n t l y  a s s o c i a t e d  wi th  a d i f f e r e n c e  in the  a d s o r p t i o n  c oe f f i c i en t s  
of the  s t a r t i n g  a l d e h y d e  and the  t r a n s f o r m a t i o n  p r o d u c t s ,  and can change  when the  t e m p e r a t u r e  and p r e s -  
s u r e  a r e  vaz~ied. 
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CONCLUSIONS 

1. On the zeol i tes  NaY, KNaY, HNaY and NdNaY, at 150-250 ~ butyraldehyde undergoes mainly  the 
erotonic condensation with the format ion  of 2-ethylhexenal .  The mos t  act ive ca ta lys t  is KNaY, the mos t  
s table  is NaY, and the leas t  se lec t ive  a r e  HNaY and NdNaY. 

2. Butanol, 2 -e thy l - l -hexano l ,  2-ethylhexanal ,  and 2-ethylhexenal  a re  obtained in the p r e sence  of 
4% N i / N a Y  in a hydrogen a tmosphere ,  the rat io  in the yields of which changes during the course  of ca ta lys t  
operat ion.  
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