
noted that i f  the isobutylene is diluted with inc reas ing  amounts  of a i r ,  the act ivi ty  of this  ca t a lys t  d e c r e a s e s  
continuously as the ra t io  of a i r  to isobutylene is i nc rea sed  f rom 1/10 to 1/5; and at a 1:1 ra t io ,  the o l i gomer i -  
zat ion is comple te ly  s u p p r e s s e d .  The poisoning is r e v e r s i b l e ;  a f t e r  the a i r  feed is  s topped,  the act ivi ty is 
r e s t o r e d .  Hence we can a sc r ibe  the ca ta lys t  deact ivat ion to compet i t ive  adsorpt ion of i sobutylene ,  oxygen,  
and poss ib le  oxidation produc ts .  

C O N C L U S I O N S  

1. A study has been made  of the act ivi ty  of rhenium oxides (ReO2, ReO3, and Re207) and suppor ted  
a l u m i n a - r h e n i u m  ca ta lys t s  (5-40% Re20/A1203) in isobutylene o l igomer iza t ion .  

2. The highest  act ivi ty  is mani fes ted  a f te r  calcining the ca ta lys t s  in a i r  at 400~ t r e a t m e n t  with n i t r o -  
gen lowers  the ac t iv i ty ,  and calcinat ion in hydrogen deac t iva tes  the ca t a lys t s .  

3. The act ivi ty  of these  ca ta lys t s  is  due to rhenium in the highest  degree  of oxidation (VII). It is sug-  
ges ted  that the o l igomer iza t ion  p roceeds  through an acidic m e c h a n i s m .  

1. 

2. 

3. 
4. 
5. 
6. 

7. 
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Ya. I. Isakov, N. V. Palishkina, 
A. V. Preobrazhenskii, B. K. Nefedov, 

and Kh. M. Minachev 

UDC 542.97:547. 212 

The dehydroeyclooligomerization of ethane to benzene and other aromatic hydrocarbons (AH), "which was 

described for the first time in [1] in the example of catalysts M/AI203 (M :: i~, Pd, Ir, Rh, Ru), is of consid- 

erable interest from the standpoint of obtaining valuable products from inexpensive and readily available raw 
materials. 

Effect ive cata lyt ic  s y s t e m s  for  the convers ion  of C2II 6 to AH can be obtained on the bas i s  of h igh-s i l i ca  
zeo l i t e s ,  which a r e  act ive in the a romat iza t ion  of lower  olefins and a r e  used as components  of ca ta lys t s  for  
the convers ion  of C1-C 5 n -a lkanes  to AH [2-8]. Here  we a re  repor t ing  on an invest igat ion of the behavior  of 
ca ta lys t s  p r e p a r e d  f rom TsVM zeoli te  in the convers ion  of ethane and (for compar ison)  in the convers ion  of 
e thylene.  P a r t i c u l a r  attention has been given to meta l -con ta in ing  s y s t e m s  (M/II-TsVM), which have hydro-  
genat ing-dehydrogenat ing and acidic functions.  

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

The ca ta lys t s  were  p r e p a r e d  f rom Na-TsVM zeol i te ,  synthes ized by the new p r o c e s s  technology without 
the use  of any organic  components ,  this zeol i te  having the following c h a r a c t e r i s t i c s :  SIO2/A1203 mole  ra t io  
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Fig. 1 Fig. 2 

Fig. i. Influence of conditions of pretreating metal-zeolite catalysts on yield of 

aromatic hydrocarbons from ethane, in flow system at 600~ Treatments: i) air 
(method A) ; 2) air-hydrogen (method B) ; 3) hydrogen (method C). 

Fig. 2. "Evolution" of Pt/H-TsVM catalysts in aromatization of ethane and 

ethylene under conditions of pulse method at 550~ Graph a is for ethane: !, 2) 

Pt/H-TsVM and Pd/H-TsVM treated by method A; 3, 4) same, method B. Graph 
b is for ethylene: i-3) Pt/H-TsVM, Pd/H-TsVM, and H-TsVM ~reated by method 
A. 

33.3; Na20 content 3%, Fe203 0.12%; purity of phase composition ~ 100%; sorption capacity for H20 0.08 cm3/g, 

for CGH 6 0.12 cm3/g. Samples of HNa-TsVM (i. 7% Na20, degree of exchange of Na + ~ 43%) and H-TsVM with 

a residual content of Na20 < 0.1% were obtained by ion exchange with an aqueous NH4NO 3 solution and subsequent 

heating of the NH 4 zeolite in a stream of air; metal-containing catalysts were obtained by treatment of Na-TsVM 

and NH4-TsVM with the calculated quantity of a solution of the salt of the particular metal, under conditions of 

ion exchange and impregnation. The powdered preparations were dried and pressed without any added binder; 
the pellets were crushed, and i-2 mm granules were taken for test. 

Before use, the catalysts were heated for 5 h at 550~ in a stream of air (method A). After use in an ex- 

periment, the catalyst was regenerated by treatment with air for 2.5-3 h at the same temperature. In a num- 

ber of cases, reduced forms of the metal zeolite systems were investigated; these were obtained by H 2 treat- 

ment at 500~ after calcining in air for 5 h at 550~ (method B), or the catalysts were obtained by treatment 

of the original specimens in a stream of I-I 2 only, 5 h at 500~ before the start of a series of experiments and 
also between the experiments (method C). Cylinder-grade ethane and ethylene were used as the starting mate- 
rials, with purities > 990/0. 

The experiments were performed at 400-600~ in flow and pulse units at atmospheric pressure, following 
procedures gT:ven in [I]. The catalyst charge was i. 7-1.8 g (2.5 cm 3) in the flow reactor, and I00 or 500 mg 

in the pulse reactor. The C2H G or C2H4 feed rate was 300 ml/h; pulse volume 0.1 or 4 ml; carrier gas (He) flow 
rate 1200 ml/h. The liquid and gaseous products were analyzed separately by GLC [I]. 

DISCUSSION O F  RESULTS 

Data on the activity and selectivity of the catalysts are summarized in Tables 1 and 2. Of particular in- 
terest are the results obtained in the presence of the H-TsVM (sample III), on which, without any additional 
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introduction of dehydrogenating components, up to 10% AH was formed from ethane, approximately 95% of the 

AH having the composition C6-C 8. The H-TsVM was also the most active in the aromatization of ethylene: 
The AH yield on this catalyst at 500~ amounted to 75% (Table i). 

Next, in the example of conversions of ethane [8] and ethylene, it is interesting to follow the catalytic 

activity of zeolites with acidities that vary in the following order: Na-TsVM (I) << HNa-TsVM (II) < H-TsVM 

(III). 

Sample I did not manifest  any appreciable activity in these react ions;  even when the tempera ture  was 
ra i sed  to 600~ the react ion products  contained pract ica l ly  no AH, and only small  amounts of C1-C4 hydro-  
carbons were obtained (Table 1). Judging from the composition of the three cata lys ts  under considerat ion,  
we can assume that in the case of the Na-TsVM, the acid centers  that are  needed for mtmifestation of catalytic 
activity are  indeed completely "neutralized" by Na ions. 

The HNa-TsVIVI zeolite,  for which a considerable  part  of the Na + has been replaced by H +, manifested 
activity that is somewhat lower than that of sample III (but still fair ly high) in the aromat izat ion of ethylene; it 
differed but little f rom the H-TsVM in respec t  to ethane convers ions .  These resul ts  provide a convincing de- 
monstra t ion of the important role of protonic acid centers in catalytic conversions Of C2H 4 and C2H G on TsVM 

zeolite. The mechanism of ethane aromatization in the presence of the catalysts H-TsVM and HNa-TsVM is 

not at all clear at the present time. We can assume that C2H 6 is subjected to dehydrogenation on the Fe im- 

purity centers that are present in small quantities in the zeolite (0.12% calculated as Fe203), thus forming 

ethylene that is subsequently converted to AH. This interpretation is supported by the fact that ethylene was 

present in the products from the reaction of C2H 6 on all of the catalysts (Table I), the ethylene concentration 

being relatively greater in the case of the Na-TsVM, which is inactive in conversions of C2H 4 and C2H 6 to AH. 

However, we cannot eliminate the further possibility of a contribution of thermal dehydrogenation of 

ethane. It is probable that the stage of C2H 4 formation from C2H 6 is indeed the limitingstage in the aromatiza- 
tion of C2H6, and this explains the identical activity of catalysts II and III in ethane conversion in spite of the 

fact that these two catalysts differ in acidity and in their effectiveness in C2H4 reactions. 

An analysis of the data obtained on the H-TsVM and HNa-TsVM catalysts in the aromatization of C2H 6 
and C2H 4 has led to the conclusion that the introduction of dehydrogenating components into the zeolites should 

tend to increase the activity of the catalysts in aromatization of ethane. With this in view, we tested a series 

of metal-containing catalysts, both monofunctional catalysts (0.5% Pt/Na-TsVM) and bifunctional catalysts 

based on H-TsVM, these bifunctional catalysts being designated M/H-TsVM (samples V, VI, and VII, contain- 

ing 0.2%, 0.5%, and 1.0% Pt, respectively), and also Rh and Pd samples for comparison (0.5% metal). Here 
we were able to reveal the specific features of the action of each element as governed by its nature, in parti- 

cular the nonidentical capability of the M n+ cations for changing their degree of oxidation in oxidation-reduction 

treatment, and also possible differences in the distribution of the metallic phase in the channels and on the sur- 

face of the zeolitic component of the catalyst. 

As can be seen from Table 2, the introduction of Pt into the zeolite actually did give a considerable in- 

crease of dehydrogenating activity of the catalysts, as a result of which the corresponding samples manifested 

a considerably higher activity (by a factor of 1.5-2) in ethane aromatization in comparison with the H-TsVM 

(sample III). Along with this, in the case of ethylene, the activity of the metal-containing samples IV-IX has 

been lowered significantly (Table 2), possibly due to the more intense occurrence of hydrocarbon hydrogenation 

and hydrogenolysis reactions on the metal/zeolite systems. 

Along with their dehydrogenating activity (up to 12% ethylene in the gaseous producLs from ethane), these 

catalysts also had considerably higher activities in the reaction of hydrocarbon hydrogenolysis to form CH 4. 
Even though the total AH yield was reduced because of the drop in selectivity of the aromatization process as a 
result of the intense methane formation, the AH yield on samples V and VI amounted to 20% of the ethane passed 
through the system (Table 2). The conversion of ethane to AH was no lower when the Pt content was reduced 
from 1% to 0.2% in the I~t/H-TsVM catalysts. 

In the case of the 0.5% Rh/H-TsVM, the maximum AH yield (10%) was obtained at 500~ i.e., 100~ 

lower than on the H-TsVM (compare Tables 1 and 2). An increase of the temperature to 600~ led to a substan- 
tial drop of the AH yield (2.5%) along with more methane formation; the CH 4 content in the gaseous products rose 
to 29% (Table 2). This is probably related to a change in the dispersity and the distribution of the Rh particles 
in the zeolitic catalyst at high temperatures, as rhodium catalysts are usually less resistant to the effects of 
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high t empera tu res  in compar ison  with (for example) the corresponding platinum cata lys ts .  The ~h /H-TsVM 
also exhibited a sharper  drop of activity with the passage  of t ime.  

For  the 0.5% Pd /H-TsVM (sample IX), we found a s trong dependence of the catalytic activity on the p r e -  
t rea tment  conditions. Thus, the highest activity in ethane aromat izat ion at 600~ was shown by the Pd cata-  
lyst  that had been pre t rea ted  f i rs t  with air  (5 h, 550~ and then with H2 (5 h, 500~ The yield of AH on this 
sample was 12.5%. If the catalyst  (a new charge of catalyst) was p re t rea ted  with air  only or  //2 only, the AH 
yield at 600~ was no more  than 2.5% (Fig. 1). So great  a difference is apparently due to differences in the 
content and state of the Pd in the catalysts  that are formed in the process  of oxidative, oxidat ive/ reduct ive ,  
and only reduetive t rea tment  of the original  m e t a l -  zeolite sys tem.  

This is consistent with the fact that the Pd /H-TsVM {IX), which after  t reatment  with air  had ve ry  little 
activity in C2H6 convers ion,  manifested a ra ther  high activity (AH yield 56%, see Table 2) in the reaction of 
C2//4, which does not require  the presence  of Pd ~ Apparently this Pd-containing sample contains an adequate 
quantity of acidic centers  for aromat izat ion of ethylene. 

In contras t  to the palladium ca ta lys t s ,  the Pt cata lys ts  were not as sensit ive to pre t rea tment .  On 0.5% 
P t /H-TsVM that had been subjected to various p re t rea tments  before use~ the AH yield f rom ethane at 600~ 
varied only over  the 15-2(~{ range (Fig. 1). 

These observat ions  are  in good agreement  with the data of [9] on the influence of the a tmosphere  on the 
thermal  decomposit ion of Pt and Pd amine complexes introduced into Y zeolites by cation exchange. It was 
establ ished in [9] that upon decomposition of the complex Pt cations in an air  a tmosphere ,  and also in He, the 
Pt is converted to the metall ic state (NH3 as the reducing agent) ; the air  is ,  in effect,  an inert  med~.um. In 
cont ras t ,  in the case of the Pd complexes ,  the Pt 2+ is only par t ia l ly  reduced to the metal ,  and in the finished 
samples ,  the Pd is present  mainly in the form of Pd 2+ cat ions,  such that it is neces sa ry  to reduce the zeolite 
with hydrogen to obtain metal-containing sys t ems .  

It can be assumed that the Pt or Pd amino complex cations introduced into the TsVM zeolite behave in a 
manner  s imi lar  to the Pt(Pd) (NH3)~+-Y sys tems ;  thus,  the above-descr ibed dependences of the Pd /H-TsVM 
and P t /H-TsVM propert ies  on the type of p re t rea tment  have now- found a ra ther  conwineing explanation. / /ere 
we must  also take into account the influence of the tempera ture  on the dispers i ty  and localization of the metal 
par t ic les  that are  formed.  

A charac te r i s t i c  feature of the catalytic action of M/H-TsVM sys tems in the aromat izat ion of C2H 6 and 
C2//4 is their  "evolution" during the course  of the react ion,  accompanied by an increase  of the AH yield (in 
the flow sys tem,  with ethane feed, the maximum was usually reached in the second or  third hour of operation 
of the catalyst ;  these yields are  the values given in Table 1 and Fig. 1). This effect could be observed more  
dist inctly in the pulsed regime in the case of the Pt and Pd catalysts  that were preaet ivated in air  or by succes -  
sive t rea tment  with air  and H~ {Fig. 2). It will be noted that the "evolution" shows up very  graph~.ca.lly in 
ethylene convers ions;  in the case of ethane, the same qualitative relationship was observed (Fig. 2a). The ex- 
per iments  with C2H 4 on H-TsVM showed that without the Pt or  Pd, this evolution effect is not manifested 
(Fig. 2b, curve 3). 

All of this s trongly suggests that one of the reasons  for the change of activity and selectivity of these 
ca ta lys ts  in the course  of operation is the action of the reaction mixture ,  leading to modification of the ca ta-  
lytic system as a result of changes in the valence and physical state of the transition element (reduction of M a+ 

to iYl ~ aggregation and migration of M ~ , possibly resulting in a different distribution of the metals in the chan- 

nels and on the surface of the zeolite crystals. Another factor that we cannot ignore is the change in acidity 

of the aluminosilicate component (concentration of acidic centers and ratio of centers of different types). The 

contributions of the various individual factors must obviously depend on the nature of the metal and its content 

in the catalyst, on the degree of exchange of Na + by M n+ in the zeolite, and on the reaction temperature. 

Previously, in the example of the catalyst Rh/AI20 ~ itwas shown by means of XPS [I0] that in the course 

of ethylene aromatization, a positive charge is generated on reduced Rh 0 particles, the magnitude of which in- 

creases symbatically with increasing catalytic activity. The subsequent drop of catalytic activity is accompa- 
nied by a return of the Rh to a state close to Rh ~ 

Attention is drawn to the fact that the A//yields in the 4-h experiments is very much dependen:~ on the 

type of catalyst pretreatment (Fig. 1). This indicates that the action of the reaction mixture leads to different 

states of the same M/H-TsVM that has been activated under different conditions. 
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CONCLUSIONS 

i. Catalytic systems based on TsVM high-silica zeolites are active catalysts of ethylene and ethane 

aromatizatioL~. The yields of aromatic hydrocarbons from ethylene on the H form of the TsVM are as high 
as 75%. The catalyst activity increases in the series Na-TsVM (I) << HNa-TsVM (II) < H-TsVM (III), appa- 

rently governed by their acidic function; the catalysts II and Ill are active in the aromatization of ethane. 

2. The introduction of a dehydrogenating component into the H form of the TsVM, in particular plati- 
num, increases the yield of aromatic hydrocarbons from ethane to 20%. 

3. The aromatization of ethane in the presence of the bifunotional system M/H-TsVM (M = Pt, Pd, Rh) 

is influenced substantially by preliminary high-temperature treatment of the catalyst (air alone, air and hydro- 
gen, or hydrogen alone). 

4. In the course of ethane and ethylene conversions, the catalytic system M/H-TsVM "evolves, " with an 
increase in the yield of aromatic hydrocarbons. 
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CONVERSION OF iSOBUTYLENE ON DECATIONIZED 

SUPERHIGH-SILICA ZEOLITE MODIFIED WITH 

ADDED VANADIUM 

D.  A .  K o n d r a t ' e v ,  T .  B o B o r o v i n s k a y a ,  
A.  A.  D e r g a c h e v ,  R .  V.  D m i t r i e v ,  
B .  K.  N e f e d o v ,  T .  V.  A l e k s e e v a ,  
a n d  K h .  M. M i n a c h e v  

UDC 542.97:547.313.4 

The introduction of vanadium into superhigh-silica zeolite Na-SHSZ leads to p-xylene (PX) enrichment 

of the products from the conversion of C2-C 4 olefins [i]. Here we are reporting on a study of the influence of 
the additive concentration on the catalytic properties of the more active decationized form of this type of zeolite 

(H-SHSZ) in conversions of isobutylene (IB) at 320-580~ 
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