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The transformations of furan, ~-methylfuran, furfural, and 2,3-dihydrofuran on a pal ladium- 
nickel membrane catalyst at 50-300~ under conditions of diffusion of hydrogen through the 
catalyst were investigated. Under these conditions furan is hydrogenated to tetrahydrofuran 
in quantitative yield. Considerable amounts of furan, the hydrogenation of which in the p res -  
ence of the above-named derivatives is inhibited, are detected in the catalyzate along with 
hydrogenation products in the transformations of ~-methylfuran, furfural, and 2,3-dihydro -~  
furan. 

Membrane catalysts have been found to be effective for the realization of a number of transformations 
of aromatic and aliphatic compotuads that occur with the participation of hydrogen [1]. An assumption r e -  
garding the promising character  of the utilization of the principle of interlinked reactions on membrane 
catalysts in the catalytic transformations of heterocyclic compounds has been expressed.  The present 
paper is devoted to a study of the transformations of furan compounds on a pal ladium-nickel  membrane 
catalyst.  The transformations of furan and its closest  homologs on ordinary palladium catalysts under 
conditions of vapor-phase hydrogenation have been studied by a number of authors, and it has been shown 
that furan and 2-methyl-,  2-ethyl-, and 2-propylfurans are hydrogenated to the corresponding tetrahydro 
derivatives in 70-100%yields on palladium-coated asbestos or  carbon at 150-170~ At higher temperatures  
(275 ~ on palladium applied to carbon, c~-methylfuran undergoes partial hydrogenolysis to give 2-pentanone 
in yields up to 30%,whereas under pulse-operation conditions 2-pentanone is obtained in 60-70% yield [3, 4]. 

The hydrogenation of furan on a pal ladium-nickel  membrane catalyst takes place to a considerable 
degree even at 75 ~ whereas the yield of tetrahydrofuran (THF) reaches 100%at 120-150 ~ (Fig. 1). At higher 
temperatures  (200 ~ the furan molecule undergoes disintegration to give volatile hydrocarbons. ~-Methyl- 
furan, like furan itself, is completely hydrogenated to ~-methyltetrahydrefuran at 150 ~ As the tempera-  
ture is raised, hydrogenation of the double bonds is accompanied by demethylation of ~-methylfuran, as 
a consequence of which furan is detected in the catalyzate (Fig. 2). This phenomenon is observed only on 

TABLE 1. Results of Experiments on the Hydrogenation of 2,3-Dihy- 
drofuran (DHF) on a Membrane Catalyst in Excess Hydrogen 

Temp,, ~ Conversion Yield, % Selectivity, q0 
of DHF, % fu.ran THF for furan for THF 

100 44 25 14 ] 57 32 
150 62 40 16 [ 64 26 
200 85 45 28 53 33 
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Fig. 1. Convers ion of furan (1) and yields  of products  of hydrogenat ion of furans  - THF (2) and 
volat i le  hydrocarbons  (3) - as a function of the t e m p e r a t u r e .  

Fig. 2o Dependence of the composi t ions  of the ca ta lyza tes  f rom the hydrogenat ion of s - m e t h y l -  
furan on the t empera tu re :  1) ~ -methy l fu ran ;  2) ~ -me thy l t e t r ahydro fu ran ;  3) furan; 4) light hydro-  
carbons .  

a m e m b r a n e  cata lys t ,  inasmuch as the furan r ing undergoes  hydrogenolys is  with p r i m a r y  cleavage of one 
of the c a r b o n - o x y g e n  bonds on pal ladium on supports  at high t e m p e r a t u r e s  (275~ and this leads to the 
fo rmat ion  of the cor responding  ketones .  However,  t he i r  development  should not be cons idered  to be the 
resu l t  of i somer iza t ion  of ~ -methy l t e t r ahydrofu ran ;  thus in specia l  expe r imen t s  we showed that  both THF 
and ~ - m e t h y l - T H F  are  stable at 100-300 ~ on a m e m b r a n e  p a l l a d i u m - n i c k e l  ca ta lys t .  We found that the 
convers ion  of furan to THF is supp re s sed  cons iderably  in the p resence  of dihydrofuran (DHF), and its 
degree  of convers ion  at 200 ~ does not r each  50%. It was shown by chromatography  that the red is t r ibut ion  
of hydrogen in 2,3-dihydrofuran,  which is known to take place on o rd ina ry  applied pal ladium ca ta lys t s ,  does 
not occur  on the p a l l a d i u m - n i c k e l  m e m b r a n e  in the absence of hydrogen, whereas  THF is fo rmed  in con-  
s iderab ly  s m a l l e r  amounts  than furan (Table 1) in excess  hydrogen; this is poss ib ly  due to blocking of the 
surface  of the m e m b r a n e  by the products  of polycondensat ion of dihydrofuran.  The r e su l t s  of expe r imen t s  
with furfural ,  which causes  an acce l e r a t ed  dec rease  in the act ivi ty of the m e m b r a n e  cata lys t ,  a lso cons t i -  
tu tes  evidence for  the occur rence  of pa ra s i t i c  p r o c e s s e s  involving res in i f ica t ion of the m e m b r a n e  cata lys t .  
Hydrogenation of the carbonyl  group to give fur fury l  alcohol occurs  p r i m a r i l y  in the p re sence  of excess  
hydrogen at 100-150 ~ and the carbonyl  group is e l iminated  (to give furan) as the t e m p e r a t u r e  is r a i sed  to 
200-300 ~ Thus the exper imen t s  on the convers ion  of o~-methyl-THF,  DHF, and fur fura l  consti tute evidence 
for  competi t ion for  the act ive cen te r s  of  the m e m b r a n e  ca ta lys t  and for  the abil i ty of the cited der iva t ives  
to deact ivate  the ca ta lys t  with r e spec t  to the hydrogenat ion of furano 

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

The exper imen t s  were  c a r r i e d  out at a tmospher i c  p r e s s u r e  under  pulse nonchromatographic  condi-  
t ions with a catalyt ic  appara tus  connected d i rec t ly  to a gas chromatograph ;  a s e a m l e s s  tube made f rom a 
Pd alloy with 5.5%Ni [5] was used  as the m e m b r a n e  ca ta lys t .  Hydrogen o r  a mix ture  of hydrogen with a 
c a r r i e r  gas was fed into the inner c i rcui t  of the r eac to r ,  and the c a r r i e r  gas (argon), in the s t r e a m  of which 
pulses  (10-5-10 -6 mole) of the invest igated subs tances  were  introduced through a spec ia l  injection device,  
flowed within the p a l l a d i u m - n i c k e l  tube.  Inasmuch as the inner and outer  c i rcui t s  a re  not in c o m m u n i c a -  
tion with one another ,  the diffusion of hydrogen f rom the inner  c i rcui t  of the glass  r e a c t o r  within the pa l -  
ladium tube was followed with a c a t h a r o m e t e r .  The c a r r i e r  gas,  hydrogen, and a i r  were  purif ied by the 
method in [6]. P r i o r  to each  s e r i e s  of expe r imen t s ,  the r e a c t o r  was heated in a s t r e a m  of the c a r r i e r  gas 
to the n e c e s s a r y  t e m p e r a t u r e ,  a f t e r  which hydrogen was fed into the outer  contour  of the r e a c t o r  by means  
of a f ine- regula t ion  stopcock.  The ca t a lys t  was r egenera ted  in a s t r e a m  of a i r  for  1 h at 400 ~ and the 
ca ta lys t  was act ivated with hydrogen for  2-4 h a f t e r  purging with the c a r r i e r  gas.  

The s ta r t ing  compounds and the reac t ion  products  were  analyzed with the f lame- ioniza t ion  de tec to r  
of a Khrom-3  chromatograph .  The analyt ical  conditions were  as follows: 6 m m  by 2.0 m s tee l  column, 
Celi te-545 (60-80 mesh)  support ,  30%Se-30 liquid phase,  column t e m p e r a t u r e s  90 and 160 ~ and argon flow 
rate  60 m l / m i n .  The s ta r t ing  compounds were  f rac t ionated twice with a rec t i f ica t ion column p r i o r  to in-  
t roduct ion into the r eac t o r .  
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