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A study of the catalytic dehydration of butane-l, 4-diol in the pres- 
ence of synthetic zeolites-NaX, CaX, HNaA, HNaX, and DcX--has 
shown that the best catalysts for the preparation of tetrahydrofu;an 
(THF) are HNaX and DcX. The maximum yield of tetrahydrofuran 
(98%) was obtained on HNaX and DcX at 240~ with a space velocity 
of 0.7 hr-~(ml/ml �9 hr). 

This work deals with the problem of the catalytic 

dehydration of butane-l, 4-diol on various forms of 

synthetic zeolites of types X and A for the preparation 

of tetrahydrofuran (THF) and the determination of the 

commensurability of the inlet windows of the zeolites 

with the critical dimensions of the molecules. 
The method that we have proposed for the prepara- 

tion of THF attracts attention because the desired 

product is obtained in high purity (100%) with high 

yield (98%). In order to find the optimum reaction 
conditions, experiments were carried out at various 

temperatures (from 200 ~ to 350 ~ C) and various space 
velocities of feed of the butanediol to the reactor. In 

the experiments with the hydrogen forms of the zeo- 

lites, temperatures above 300~ are not recom- 
mended because of decationizat ion.  

In o rder  to de te rmine  the influence of the ra te  of 
feed of the b u t a n e - l ,  4-diol  on dehydrat ion and r ing 
c losure  to THF, it was va r i ed  f rom 0.5 to 1.0 hr  -I. 
The max imum yield of THF was found at a veloci ty  
of 0.7 hr  -1. After each exper iment ,  the catalyst  was 
purged at the reac t ion  t empera tu re  with n i t rogen that 
had been dr ied with a synthetic  zeolite. The r e su l t s  
are given in the table. 

At a t empera tu re  of 200-280 ~ C, the ca ta lysa tes  
obtained on NaX, CaX, and HNaA zeoli tes  were found 
to contain unchanged b u t a n e - l ,  4-diol,  in addition to 
THF. With an inc rease  in the t empera tu re  of the ex-  
pe r imen t  above 300 ~ C, the yield of liquid ca ta lysa tes  
decreased  because  of a cracking react ion.  In e xpe r i -  
ments  at t empe ra tu r e s  above 320 ~ C on the NaX and 
CaX forms  of the zeol i tes ,  b u t - l - e n - 4 - o l  (identified 
by i ts  physical  constants)  [1] was isola ted f rom the 
catalysate  in addition to THF and unchanged butane-  
1, 4-diol.  

On the cata lys ts  HNaX and DcX (Dc = decationized) 
at 240 ~ C, the dehydrat ion of b u t a n e - l ,  4-diol  gave 
only THF. At 240-260 ~ C and a space veloci ty of 0.7 
hr -1 these ca ta lys ts  had an activity of 100% and an 
exceptional ly high se lect iv i ty  in the fo rmat ion  of THF. 

The lowest catalyt ic  activity in the dehydrat ion of 
b u t a n e - l ,  4-diol  was shown by the zeolite HNaA. On 
this zeolite the degree of dehydrat ion at 240 ~ C was 
20.3%, r i s i n g  to 46.4% at 300 ~ C. In all  probabi l i ty ,  
the low activity of HNaA is explained by the smal l  

d imens ions  of the inlet  windows (4-5 A) into the 
cavi t ies  of the zeolite,  s ince in zeoli tes the catalyt ic  
reac t ions  take place main ly  in the in t r ac rys t a l l i ne  
cavi t ies .  The d imens ions  of the windows of the HNaA 
zeolite prevent  the passage into them of the mo le -  
cules of b u t a n e - i ,  4-diol,  the c r i t i ca l  d iameter  of 
which is approximately 7/~. It has also been e s t ab -  
l ished that the catalyt ic  activity of a type X zeolite 
is affected by the nature  of the ion-exchanged cation, 
in addition to the size of the inlet  windows. Thus, 
NaX and HNaX have a lmos t the  same pore d imens ions ,  
but the dehydrat ion of bu t ane - I ,  4-diol  on them takes 
place to different  extents.  

The dura t ion of the effect of the catalyst  HNaX 
under  the conditions ensur ing  the maximum yield of 
THF was studied. The catalyst  worked for 6 hr  with 
p rac t ica l ly  n O change in activity, but af ter  14 hr the 
yield of THF had fa l len f rom 98 to 82%. After the 
cata lyst  had been blown with dry a i r  at 400 ~ C for 2 hr, 
i ts  activity rose almost  to the or ig ina l  level.  

Zeol i tes  in  the form of granules  manufactured  on 
the s e m i - i n d u s t r i a l  scale  are  supplied main ly  with 
b inders .  Consequently,  we also ca r r i ed  out the de-  
hydrat ion of the bu t a ne - i ,  4-diol  on granules  conta in-  
ing binders .  It was found that when HNaX was used 
as catalyst ,  the addition of a b inder  did not change 
the course  of the react ion.  In the case of HNaA, how- 
ever ,  the b inder  r a i sed  the degree of dehydration,  
and the yield of THF inc rea sed  by 22.8%. The in -  
c rease  in the yield of THF in this case is  explained 
by the fact that the b inde r - -kao l in - - i s  a dehydrat ion 
cata lyst  which, when added to the HNaA catalyst ,  i n -  
c r e a se s  i ts  catalyt ic  activity. 

The fo rmat ion  of gas takes place on the catalysts  
NaX and CaX at 260 ~ C and on the hydrogen and de -  
cat ionized fo rms  at 280 ~ C, and the amount of gaseous 
products  i nc r e a se s  with a r i se  in the t empera tu re .  
(The analys is  of the gaseous products  was ca r r i ed  out 
on a KhL-3 chromatograph by the method that we have 
descr ibed  previous ly  [2]). The gas contained 30-35 
wt. % of propylene,  which could be formed s i m u l t a -  
neously with formaldehyde by the cleavage of the 
t e r m i n a l  C--C bond of b u t - l - e n - 4 - o l  and the r e d i s -  
t r ibut ion  of the hydrogen. But - l -e r ie  and bu t -2 -ene  
were also found (30%); these could be formed by the 
par t ia l  hydrogenat ion of butadiene by the hydrogen 
l ibera ted  in the decomposi t ion of the formaldehyde.  
With a r i se  in the t empera tu re  of the react ion,  carbon 
monoxide (3-4%) and hydrogen (11-16%) appeared in 
the gases.  Among the diene hydrocarbons,  butadiene 
was identif ied (19-25%). 
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D e h y d r a t i o n  of B u t a n e - i ,  4 - d i o l  on V a r i o u s  F o r m s  of 
Syn the t i c  Zeo l i t e  
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EXPERIMENTAL 

Preparation of the catalysts. As catalysts we used NaX and CaX 
synthetic catalysts in the form of powders (samples from the Gor'ldi 
gxperimentai Base of VIINP JAil-union Scientific-Research Institute 
for the Treatment of Petroleum and Natural Gas and the Preparation 
of Synthetic Liquid Fuel]) and the types HNaX, HNaA, and DeX 
which we synthesized ourselves. All the catalysts mentioned above 
were prepared without a binder, and the HNaX and HNaA types were 
also studied with a binder--kaolin, 20%. From the powdered synthetic 
zeolites, tablets with dimensions of 3 X 4 mm were formed by pressing. 
The hydrogen forms of the synthetic zeolites of types X and A were 
obtained by means of the ion-exchange reaction between Nax and 
NaA synthetic zeolites and 0.1 N ammonium chloride solution. The 
zeolites were treated with the ammonium chloride solution five times. 
The solid matter that was filtered off was dried in a thermostated oven 
at 120" C. At the end of the ion-exchange process, the catalyst was 
dried at 300~ for 5 hr. By heating to 300~ the ammonia was driven 
off from the zeolite, giving the hydrogen form. The initial NaX zeo- 
lite contained 10.8% sodium and the NaA zeolite 12.6%. After treat- 
ment with ammonium chloride, the amounts of sodium in the zeolites 
were for HNaX about 2.7% and for HNaA about 4.6%. To obtain the 
decationized catalyst, the hydrogen form of the zeolite was heated at 
500" C for 5 hr. 

X-ray structurai analysis of the forms obtained showed that the 
crystal structures of aI1 the forms of zeolites synthesized were retained, 
and after the dehydration reaction structure had not changed signifi- 
candy. 

Dehydration of butanediol. The dehydration of butanediol to tetra- 
hydrofuran was carried out in a continuous-flow apparatus at atmo- 
spheric pressure. The length of the reactor was 100 cm and its diameter, 
20 ram. The reactor was charged with a bulk volume of 70 ems of 
catalyst. The constancy of the rate of feed of the butane-i ,  4-diol was 
maintained automatically by means of a syringe and a reducing valve. 

In each experiment 20 g of butane-l ,  4-diol was passed. The catalysate 
obtained was collected in a receiver provided with a reflux condenser 
and in a ~rap cooled with ice. 

The initial butane-l ,  4-diol, after distillation through a column 
with an efficiency of 52 theoretical plates, had bp 120" C (10 ram), 
n~  1.4480, d4 m 1.018. 

Bourns and Nichols [3] have stated that in the presence of alumina 
butane-l ,  4-dio1 forms propylene and formaldehyde. To detect any 
formaldehyde formed in our experiments, the latter was trapped by 
cooling. At the end of the experiments the specific gravity of the 
aqueous solution proved to be 1.010 (the solution smelled of formal- 
dehyde), which corresponds to 3.7 g of formaldehyde in the solution [4]. 

The reaction products were dried and fractionated through a column 
with an efficiency of 52 theoretical plates. The THF was characterized 
by the following physical indices: bp 64-66~ C (742 ram), d~ ~ 0.8889, 
n~" 40 D • 80. The THF was identified by,gas-liquid chromatography. 
Chromatographic analysis showed that the THF was l~)0qo pure. 
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