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The dehydrat ion of Mcohols can take place  by split t ing H a toms  not only f r o m  f l -ca rbon  a toms ( f l - e l imi -  
nation) but also f r o m  y - c a r b o n  a toms (y -e l imina t ion ) :  
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Significant yields of T-elimination products occur on the dehydration of primary alcohols or alcohols that do 

not contain H atoms on the fi-carbon atoms [1-3]. According to [31, when alcohols are dehydrated on ThO 2 and 
AI203 with different Na ion contents, y-elimination becomes more important as the basicity of the catalyst in- 
creases. In order to determine whether y-elimination depends on the acidity of the catalyst as well as on its 

basicity, we studied the dehydration of 2-methyl-2-butanol (MBOL) on zeolites NaY, CaY, HY, and on an ex- 
tremely high-silica zeolite (EHSZ). Dehydration of MBOL can result in 2-methyl-l-butene, 2-methyl-2-bntene, 
and 3-methyl-l-butene (3MIB); the first two alkenes are formed by a fi-elimination mechanism and 3MIB is 
fo rmed  by a T-e l imina t ion  mechan ism:  
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Dehydrat ion of alcohols is known to be accompanied  often by a secondary  reac t ion  in which the C = C bond is 
shifted, which makes  the study of the d i rec t ion of dehdrat ion m o r e  compl ica ted.  We the re fo re  se lec ted  MBOL 
because  its dehydrat ion product  by y -e l imina t ion  is 3MIB, whose equi l ibr ium concentra t ion  is <2% in me thy l -  
butenes at  100-200 ~ The fo rmat ion  of 3M1B in an amount  g r e a t e r  than 2% of the methylbutene yield cannot 
be the r e su l t  of a secondary  i somer iza t ion  react ion.  
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T A B L E  1. D e h y d r a t i o n  of  2 - M e t h y l - 2 - b u t a n o l  
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Fig .  1. E f f ec t  of  r e a c t i o n  t e m p e r a t u r e  on the m e t h y l b u t e n e  r a t i o  
i~ the  d e h y d r a t i o n  of  2 - m e t h y l - 2 - b u t a n o l  on NaY (1, 2) and on the 
e x t r e m e l y  h i g h - s i l i c a  z e o l i t e  (3, 4) .  1, 3) 2 - M e t h y l - l - b u t e n e ;  2, 
4) 2 - m e t h y l - 2 - b u t e n e .  The d a s h e d  l i n e s  r e p r e s e n t  the  e q u i l i b r i u m  
con ten t  of  2 - m e t h y l - l - b u t e n e  (5) and 2 - m e t h F l - 2 - b u t e n e  (6) in the  
m e t h y l b u t e n e  m i x t u r e .  

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

The t e s t s  w e r e  p e r f o r m e d  in a c o n t i n u o u s - f l o w  d e v i c e  in a c u r r e n t  of  He at  a t m o s p h e r i c  p r e s s u r e .  The  
a l c oho l  was  fed in  at  3.8 m l / h .  The  He : a l coho l  m o l a r  r a t i o  was  3. The  d e g r e e  of  exchange  was 80~c in z e o l i t e s  
CaY and HY. Z e o l i t e  Y had a SiO 2 :A120 3 r a t i o  ~ 4. The  f a c t o r y - s u p p l i e d  b a t c h  of  E t ISZ was  p r e p a r e d  with 
t e t r a b u t y l a m m o n i u m  b r o m i d e  and had a modu lu s  of  60. The  c a t a l y s t  was  t r e a t e d  with a i r  a t  500~ b e f o r e  each  
t e s t  (HY a t  400~ f o r  4 h and then f o r  2 h with h e l i u m .  The  a m o u n t  of  NaY c a t a l y s t  was  1.2 g, EHSZ 1.7 g, 
CaY 1.3 g,  HY 0.4 g. The r e a c t i o n  p r o d u c t s  w e r e  c o n d e n s e d  a t  - 7 8 ~  and a n a l y z e d  on a c h r o m a t o g r a p h  
equ ipped  with  a f l a m e - i o n i z a t i o n  d e t e c t o r  and s t a i n l e s s - s t e e l  c o l u m n s  (3 m m  in d i a m e t e r ) ,  N 2 c a r r i e r - g a s  
v e l o c i t y  30 m l / m i n .  The  c o m p o s i t i o n  o f  the  a l k e n e s  was  d e t e r m i n e d  a t  .~20~ in a co lumn  6 m long f i l l e d  with 
15% p o l y p r o p y l e n e  g l y c o l - 4 2 5  on C h r o m o s o r b  W. The  a l k e n e  y i e l d  was  d e t e r m i n e d  a t  80~ in a co lumn 3 m 
long  with 20% C a r b o w a x  15M on C h r o m a t o n  N. 

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

The  d a t a  of  T a b l e  1 i n d i c a t e  tha t  the  MBOL d e h y d r a t i o n  a c t i v i t y  of  the z e o l i t e s  s t u d i e d  i n c r e a s e s  in the  
o r d e r :  NaY < EHSZ < CaY < HY. y - E l i m i n a t i o n  in the  a l c oho l  o c c u r s  in the s a m e  o r d e r  a s  the c a t a l y s t  a c t i v -  
i ty .  When the  r e a c t i o n  was  c a r r i e d  out  on NaY, no y - e l i m i n a t i o n  p r o d u c t  was  de t ec t ed ;  on EHSZ,  only  t r a c e s  of  
3M1B w e r e  found; and the 3MIB con ten t  of  the  m e t h y l b u t e n e s  was ~ 15% on CaY and HY a t  180~ ( F i g s .  1 -3 ) .  
It i s  g e n e r a l l y  c o n s i d e r e d  tha t  the h e t e r o g e n e o u s  d e h y d r a t i o n  of  a l c o h o l s  o c c u r s  t h rough  OH s p l i t t i n g  by  the 
a c i d i c  c e n t e r  (A) and the H a t o m  e l i m i n a t e d  is  c o o r d i n a t e d  with the  b a s i c  c e n t e r  (B) [4-7] .  The  c o n c l u s i o n  was 
r e a c h e d  in  [ 1, 3, 5, 7, 8] tha t  an e l e c t r o n - d e n s i t y  sh i f t  t a k e s  p l a c e  b e t w e e n  the A and B c e n t e r s ,  on the one 
hand,  and the a d s o r b a t e ,  on the  o t h e r :  

2276 



80 

60 

o 
r )  

20 

~ - . - ~ -  2} 

x 

X~ 

J 

4 i  �9 

iZO i~0 16D i80 200 ~ 

Fig. 2. Effect of react ion tempera ture  on the methylbu- 
tene ratio in the dehydration of 2-methyl-2-butanol  on 
CaY. 1) 2-Methyl- l -butene;  2) 2-methyl-2-butene;  3) 
3 -methy l - l -bu tene .  The dashed lines r epresen t  the 
equiiibrium alkene content (1 ' -3 ' )  in the methylbutene 
mixture.  

S c h e m e  3 
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It is natural  to suppose that the considerable  e lec t ron-dens i ty  shift is not limited by the fi-C atom when there 
is enough ac id -cen te r  strength,  but also extends to the ,/-C atom. Such an e lec t ron-densi ty  shift opens up the 
possibi l i ty  of a f l -center  interact ion not only with the g atom on the fl-C atom, but also with the one on the 7 -C  
atom: 

S c h e m e  4 

Unlike NaY, zeoli tes CaY and HY possess  considerable  acidity [91. Consequently, the format ion of a 7 -  
elimination product  in the dehydration of MBOL on CaY and HY and its absence on NaY is due to the difference 
in the s t rength of the acidic centers  of these zeoli tes.  

The e lec t ron-dens i ty  shift shown in Schemes 3 and 4 is evidently due not only to the acidic centers  A but 
also to the basic centers  B, which apparently explains the higher 7-e l iminat ion  product  yield observed in [3] as 
the ca ta lys t ' s  basici ty  is increased.  

When the react ion is ca r r i ed  out on CaY and HY, the content of the ) , -el imination product,  3M1B, in the 
methylbutenes formed increases  with the t empera tu re  of the tests  f rom 120 to 200~ (see Figs.  2 and 3). fi- 
Elimination proceeds  with rupture  of one C--H bond, whereas in - /-el imination two C--H bonds must  be broken 
and an H - a t o m  must  be shifted (see Schemes 1 and 4). Thus, more  react ive  molecules  are  needed for ~/-elim- 
ination than fo r /? -e l imina t ion .  Increas ing the react ion tempera ture  increases  the react ivi ty  of the alcohol 
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Fig. 3. Effect  of reac t ion  t e m p e r a t u r e  on methylbutene 
ra t io  in the dehydrat ion of 2 -methy l -2 -bu tano l  on zeo-  
l i te HY. The notation is given in Fig. 2. 

molecu les  and the re fo re  the f rac t ion  of molecules  reac t ing  by the T-e l imina t ion  mechanism.  The signif icant  
y - e l imina t ion  product  yield obse rved  in [ 1-3] in the dehydrat ion of p r i m a r y  alcohols and alcohols without tt 
a toms  on the fi-C a tom ove r  A1203 was apparent ly  caused by the re la t ive ly  high reac t ion  t e m p e r a t u r e  (275- 
350~ n e c e s s a r y  to dehydra te  alcohols with such a s t ruc tu re .  On the other  hand, the dehydrat ion of second-  
a r y  and t e r t i a r y  alcohols on A1203 usual ly  p roceeds  at lower  t e m p e r a t u r e s  [5, 7], probably  because  7 - e l i m i n a -  
tion products  a re  not fo rmed  when they a r e  dehydrated.  

A compar i son  of the resu l t s  obtained with data f r o m  [3] indicates  that the dehydrat ion of alcohols by a 7 -  
e l iminat ion m e c h a n i s m  r equ i r e s  both pa i r s  of acidic and bas ic  ca ta lys t  cen te rs  and high reac t iv i ty  in the a lco-  
hol molecule .  

C O N C L U S I O N S  

1. The act ivi ty  of  the zeol i tes  studied in the dehydrat ion of 2 -methy l -2-bu tanol  between 120 and 200~ 
i n c r e a s e s  in the following order :  NaY < EHSZ < CaY < HY. 

2. The content of the T-e l imina t ion  produc t  in the methylbutenes  fo rmed  on dehydrat ion of 2 - m e t h y l - 2 -  
butanol ( 3 - m e t h y l - l - b u t e n e )  i n c r e a s e s  with the c a t a l y s t ' s  act ivi ty  and the reac t ion  t empera tu re .  
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