
2. 2 ,2 ,6 ,6-Tet ramethyl -4-hydroxy-4-a lky lp iper id ines  and the corresponding nitroxyl radicals  were de- 
hydrated by the action of sulfuric acid or  POCt 3 + ChHhN. 

3. IR spec t roscopy  indicated that 2 ,2 ,6 ,6- te t ramethyl -4-hydroxy-4-a lky lp iper id ines  have a boat confor-  
mation, while the corresponding nitroxyl radica ls  have a chain conformation.  

4. ESR spec t roscopy  in the 2-ram range gave the magnetic resonance p a r a m e t e r s  for  the 2 ,2 ,6 ,6- te t ra-  
methy l -4 -hydroxy-4-a lky lp iper id in -1-oxyls  prepared.  A s imi lar i ty  in the basic configurations of the nitroxyl 
groups of these radicals  and of 2 ,2 ,6 ,6 - t e t r amethy l -4 -hydroxy-4 -methy lp ipe r id in - l -oxy l  was noted. 
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H Y D R O G E N A T I O N  O F  B E N Z E N E  O V E R  N a X  

A N D  N a - M O R D E N I T E  Z E O L I T E S  

Kh .  M. M i n a c h e v ,  E .  A.  U d a l ' t s o v a ,  
a n d  I .  I .  L e v i t s k i i  

UDC 942.94].7:547.532:661. t83.6 

In [1] it was established that H 2 has a dual action on the activity of NaY zeoli te in the hydrogenation of 
benzene. At 225-300~ H2 activates the catalyst ,  whereas at 350-400~ it suppresses  its activity. In :~he p r e s -  
ent investigation we have studied the effect of H 2 on the activi ty of NaX and Na mordeni te  (NaM) zeolites in 
the same react ion and the stabil i ty of the ca ta lys t ' s  activity on long- t e rm operation. 

EXPERIMENTAL 

The principal  conditions for  conducting the experiments  have been descr ibed in [ 1]. The amount of ca ta-  
lyst  was 15 g. The mola r  ratio H 2 : C~H 6 = 8 at  a total p r e s s u r e  of 30 atm. The feedrate  of C6H 6 was 0.01 
mole /h  per  1 g of ca ta lys t  [space velocity (s.v.) =0.6-0.7 h-l],  and in only the f i r s t  se r ies  with NaX were the ex- 
per iments  conducted with a ra te  of 0.02 mole /h  per  ] g of catalyst .  Between the experiments  the cata lyst  was 
t reated with air  for 5 h at 520~ so that it had a constant  activity in each experiment.  When studying the effect 
of H 2 af ter  t rea tment  of the cata lyst  with air  it was t reated with hydrogen, the t rea tment  condition being var ied 
f rom experiment  to experiment.  The cata lyst  was analyzed on a chromatograph having a f lame-ionizat ion de-  
tector  and a column containing 15% Tween 85 on Chromosorb  P. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. Translated 
from Izvestiya Akademii Nauk SSSR, Seriya Khir iya, No. 2, pp. 333-337, February, 1982. Original article sub- 
mitted May 12, 1981. 
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F ig .  1. E f fec t  of h y d r o g e n  t r e a t m e n t  t e m p e r a t u r e  on the  
a c t i v i t y  of NaX z e o l i t e  in  the  h y d r o g e n a t i o n  of  C6H 6. 
225~ 30 a tm ,  H 2: C6H ~ = 8, s .v .  = 1.2 h -1. 

F ig .  2. E f f ec t  of  h y d r o g e n  t r e a t m e n t  p e r i o d  on the  a c -  
t i v i t y  of NaX z e o l i t e  in  the  h y d r o g e n a t i o n  of  CsH~. T e m -  
p e r a t u r e  of e x p e r i m e n t s  and t r e a t m e n t :  1) 160~ 2) 
180~ 3) 200~ 4) 250~ 

T A B L E  1. H y d r o g e n a t i o n  of  
Benz e ne  o v e r  NaX Z e o l i t e  
(225~ 30 a t m ,  H 2: C~H G = 8, 
s .v .  = 0.6 h - i )  

Catalyst treatment condi- 
tions prior to experiment 

Air, Iatm, 5 h, 520"C 
Air, i arm, 5 h, 520~C 
No treatment 
Air, 1 arm, 5 h 5 , 5 2 5 t  
No treatment 
.No treatment 

CsH ~ con- 
version to 
C6H12 

38,9 
41,7 
t0,1 
38,8 
15,7 
7,6 

DISCUSSION OF RESULTS 

Figure I shows the effect of H 2 on the activity of NaX zeolite. All the experiments in this series were 

conducted at 225~ whereas the preliminary hydrogen treatment temperature was varied with a constant 

period for each treatment with hydrogen (2 h). With an increase in treatment temperature from 160 to 400~ 

the depth of the reaction was lowered from 13 to 6~. We may note that in the experiment with NaY at 225~ 

and for the same temperature of treating it with hydrogen the conversion of C6H6 was ~50~ [1] against 11% in 

the present study. In order to study the effect of H 2 on the activity of NaX more fully a second series of experi- 

ments was conducted in which the hydrogen treatment was conducted at the temperature of the experiments and 
with a different period (Fig. 2). Whereas H 2 does not affect the activity of NaX at 160~ an increase in the 

temperature of the experiments and hydrogen treatment from 180~ to 225~ led to an increase in the deactiva- 

tion of the catalyst, both with an increase in temperature and an increase in the period of hydrogen treatment. 

Thus, in contrast to NaY, H 2 is not capable of activating NaX zeolite and only causes its deactivation at 180- 
400~ 

We then  s t u d i e d  the  s t a b i l i t y  of  the h y d r o g e n a t i n g  a c t i v i t y  Of NaX z e o l i t e  a t  225~ ( T a b l e  1). Even  in t he  
f i r s t  e x p e r i m e n t s ,  conduc ted  wi thout  p r e l i m i n a r y  t r e a t m e n t ,  the  a c t i v i t y  of  the  c a t a l y s t  was  g r e a t l y  r e d u c e d  and 
the c o n v e r s i o n  of  C6H ~ to c y c l o h e x a n e  C6H12 was l o w e r e d  f r o m  39-42 to 10-16%. R e g e n e r a t i o n  of  the  c a t a l y s t  
with a i r  r e s t o r e d  i t s  a c t i v i t y .  A l l  the  e x p e r i m e n t s  wi th  NaX w e r e  conduc ted  with a s i n g l e  s a m p l e  of  c a t a l y s t .  
The  s o r p t i o n  c a p a c i t y  of  the s a m p l e  fo r  N 2 b e f o r e  and a f t e r  the  e x p e r i m e n t s  was the  s a m e  and,  c o n s e q u e n t l y ,  
i t s  s t r u c t u r e  was unchanged .  

In [2] the  a c t i v a t i o n  of  NaM by h y d r o g e n  was  e s t a b l i s h e d  u n d e r  cond i t i ons  w h e r e  e x p e r i m e n t s  on the  h y -  
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Fig. 3. Effect of hydrogen t rea tment  t empera ture  on the activity of 
Na mordeni te  zeolite in the hydrogenation of C6H 6. 200~ 30 atm, 
s.v. = 0.7 h -1, H2: CGH ~ = 8. 

Fig. 4. The hydrogenation of C6H ~ on Na mordeni te  zeolite under 
conditions of prolonged operation of the catalyst .  225~ 30 arm, 
s.v. = 0.7 h -1, H2:C6H 6 = 8: a) f i r s t  experiment; b) second exper i -  
ment. 

drogenation of C6H 6 at 190 ~ was al ternated with hydrogen t rea tment  of the catalyst  (5 h) at the same t emper -  
ature.  An increase  in the number  of hydrogen t rea tments  to ten led to a stepwise inc rease  in C6H12 yields f rom 
10 to 86%. The investigation in [2] had to be continued and a study made of how H 2 affects the hydrogenating 
activity of NaM at other  t empera tures .  Fu r the rmore ,  it still remained unclear  how long NaM may operate with- 
out a substantial  dec rease  in hydrogenating activity. 

The study of NaM zeolite commenced with an examination of the effect of H 2 on its activity. The exper i -  
ments were conducted at 200~ while the hydrogen t rea tment  t empera tu re  was varied f rom 160 to 400~ for a 
t rea tment  per iod equal to 2 h (Fig. 3). The convers ion of C~H 6 in experiments  conducted immediately af ter  
t rea tment  with air  was 37-39%, while additional t rea tment  with hydrogen at 160, 200, and 250~ activated the 
cata lyst  and the depth of the react ion reached 44%, 42%, and 58%, respect ively.  However, a fur ther  increase  in 
the hydrogen t rea tment  t empera tu re  led to the deactivation of the catalyst  and the convers ion of C6H ~ after  
t rea tment  with H 2 at 400~ was lowered to 12%. Thus, H 2 has a dual effect on the hydrogenating activity of 
NaM, activating it at 160-250~ and deactivating it at 300-400~ We may recal l  that H 2 also has such a double 
action on NaY zeolite.  

The stabili ty of the hydrogenating activity of NaM was studied at 225~ in two experiments lasting many 
hours.  Samples of the catalysts  for  analysis were taken each 1-1.5 h. In the f i r s t  experiment the conversion of 
C6H 6 over  the course  of 20 h was 90%, it then decreased  and reached 80% at the 40th hour (Fig. 4a)o Air  t rea t -  
ment of NaM res to red  its act ivi ty and af ter  such t rea tment  the catalyst  operated in the second experiment for 
20 h with a C~H~-to-C~H12 convers ion equal to 90~ (see Fig. 4b). 

The data in Fig. 4 show that af ter  t rea tment  with a i r  the catalyst  is "deve loped"  under the react ion con- 
ditions. In o rde r  to examine whether "deve lopment"  exists investigations should be ca r r i ed  out, commencing 
with a relat ively low C~Hs conversion.  Therefore ,  the following experiment was conducted at 200~ (Fig. 5). 
Over the course  of the f i r s t  10 h the convers ion of C~H 6 increased  f rom 45% to 90~0 and then remained at this 
level for more  than 10 h. Thus, the activation of NaM may also be achieved by the react ion mixture.  It remains  
unclear  whether such a substantial activation occurs  as a resul t  of the chemisorpt ion of H2, C~H 6, or  CsH12. 

We may note that methyleyclohexane (MCH) suppresses  the hydrogenating activity of NaM vir tual ly com-  
pletely. Twelve g r a m s  of MCH was fed for 2 h over  the cata lyst  at 200~ 30 arm, and H 2 : MCH = 11. The r e -  
sult was that the convers ion of C6H 6 to C6H12 was lowered f rom 44% to 2~. Trea tment  with air  reslLored the ac -  
t ivity of NaM. Such a grea t  deactivation of NaM on ehemisorpdon  of MCH would seem to be due to the Presence 
of the t e r t i a ry  C atom with a reduced electron density in its molecule, which makes MCH a fair ly strong elec-  
t ron acceptor .  The role of the electro n -accep tor  and e lec t ron-donor  proper t ies  of the reactants  and the r eac -  
tion products  in ox ida t ion- reduc t ion  react ions over  zeoli tes without t ransi t ion metals  has not been investigated, 
although it is probably of g rea t  importance.  

In [ 11 the stability of the hydrogenating activity of NaY under conditions of prolonged operation was not 
studied. In o rde r  to fill this gap we studied NaY at 225~ at 30 arm (Fig. 6). Like NaM, NaY zeolite is capable 
of being "deve loped ,"  the convers ion of C6H 6 being increased  f rom 45% to 60-70%, then lowered to the initial 
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Fig. 5. Development of Na mordenite zeolite under conditions 
of prolonged operation of the catalyst. 200~ 30 arm, s.v. = 

0 . 7 h  -1, H 2:C6H 6= 8. 

Fig. 6. Hydrogenat ion of C~H 6 on NaY zeol i te  under  conditions 
of prolonged opera t ion  of the ca ta lys t .  225~ 30 at-m, s .v.  = 
0.6 h -l, H 2:C6H ~ = 8. 

convers ion,  and remain ing  constant  for  10 h. 

Thus, H 2 exer t s  a dual action on the hydrogenat ing act ivi ty of NaM and NaY zeol i tes ,  act ivat ing them at  
compara t ive ly  low t e m p e r a t u r e s  (200-250~ and suppres s ing  the i r  act iv i ty  at 300-400~ On the other  hand, 
the act ivi ty  of NaX is  s u p p r e s s e d  by hydrogen over  a lmos t  the whole t e m p e r a t u r e  range  (180-400~ In [1] it 
is postulated that  two f o r m s  of chemiso rbed  hydrogen exist.  One of them is fo rmed  p re fe ren t i a l ly  at  a c o m p a r -  
a t ively low t e m p e r a t u r e  and i n c r e a s e s  the hydrogenat ing act ivi ty  of the zeoli te ,  while the other  deac t iva tes  the 
ca ta lys t ,  the optical  conditions for  i ts  fo rmat ion  being a re la t ive ly  high t e m p e r a t u r e  and p r e s s u r e .  F r o m  this 
point of view the dual act ion of H 2 on the hydrogenat ing act ivi ty  of NaM and NaY is due to the fo rmat ion  of 
two f o r m s  of chemiso rbed  H 2. On the o ther  hand, only the second of these  f o r m s  is fo rmed  on NaX, which leads 
to the deact ivat ion of NaX. 

The sharp  d i f fe rence  in the cata lyt ic  p r o p e r t i e s  of the two faujas i tes ,  NaY and NaX, and, converse ly ,  the 
s imi l a r i t y  in the cata lyt ic  p r o p e r t i e s  of NaY and NaM also indicates  a s tabi l i ty  in thei r  hydrogenat ing activity.  
F r o m  the data p resen ted  it can be concluded that NaM and NaY zeol i tes  a r e  " d e v e l o p e d "  during the course  of 
the reac t ion  and a r e  capable  of opera t ing for  a r e l a t ive ly  long t ime  without a substant ia l  loss  in activity.  NaX, 
however ,  is deact ivated even in the f i r s t  exper iment .  Thus, NaY, which belongs to the faujas i te  group, is ve ry  
s i m i l a r  to NaM in hydrogenat ing p r o p e r t i e s  and dif fers  g rea t ly  f r o m  NaX. 

CONCLUSIONS 

1. A dual action of hydrogen on the activity of Na mordenite in the hydrogenation of benzene has been es- 
tablished. Thus, hydrogen activates the catalyst at 160-250~ and deactivates it at 350-400~ However, NaX 
zeolite is only deactivated by hydrogen in this reaction at 180-400~ 

2. A high stability has been shown for the catalytic activity of Na mordenite, which catalyzes the hydro- 
genation of benzene at a conversion of 80-90% for more than 40 h without regeneration. NaY zeolite also pos- 
sesses a good stability of the hydrogenating activity, whereas the hydrogenating activity of another faujasite, 
NaX, is lowered greatly, even after the first hour of operation of the catalyst. 
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