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The reaction of isobutene as well as butene-2 on reduced NL.NaY zeolite was 
studied by the microcatalytie pulse technique. The induction periods for the 
product propene and C ~ olefins were found to be always identical in the investi- 
gated temperature region (520-720 K), whereas deviating changes of yield with 
the number of pulses could be observed for all other products. The results favor 
a proton catalyzed disproportionation mechanism for C~ olefin formation rather 
than a paring reaction. 

PeaR~Hg H306yTeHa, a Ta~H~e 6yTeHa-2 Ha BOCCTaHOB~eHHOM ~eoJIHTe NiNaY 
6bIna ~cc~e~oBaHa c no~omb~o MHHpORaTaJmTHgecHoI~ ~Mny~scROi~ TeXHHKg. 
I/IH~yR~OHHHe nepHo~I ~a~ npone~oBI, Ix H C ~ one~HnoB~x npo~yRTOB oRasa~cs 
Bcer~a II~elITI~IHHRIMH B Hcc~e~oBaHHOIVi ~HTepBa~e TeMnepaTyp, B TO BpeMH HaI~ 
~JIH BCeX ~pyrHX Hpo~yETOB Ha6~o~aJ~HC~, pasJKHHHMe HSMeHeHHH BBIX0~0B C 
HHCJ~OM HMIIyJIBCOB. Pesy~IBTaTLI CBn~eTenSCTBy~OT cEopee B n0assy MeXaHHSMa 
~!~cIIp011opI~HOHI4pOBaHI4~I, I{aTaJIHS~Ip0BaHHOFO IIpOTOHOM, B cJ~y~ae 06pasOBaHI4H 
C 5 o~Ie~HHOB, HeM B IIOJI/~sy MeXaHHxMa ,~Jiy~t~HJ~]SIIO}i 1430MepI48alIHH". 

The  convers ion  of  C a olefins on  acid ca ta lys t s  has  been  inves t iga ted  repea t -  
ed ly  [1-7]. The  reac t ions  are p r o t o n  ca ta lyzed  and  r ap id ly  poisoned,  b u t  some 
mechan is t i c  pa ths  are  still discussed controvers ia l ly .  So, t he  C 5 olefins a r e  
assumed  to  be fo rmed  via  a d i sp ropor t iona t ion  mechan i sm [2] or a pa r ing  
reac t ion  [6]. The  s t u d y  of  i nduc t ion  per iods  can  be helpful  for  the  e luc ida t ion  
of  r eac t ion  pa ths ,  b u t  requires  a low load  of  the  ca ta lys t .  This  can  be ach ieved  
e i the r  b y  a con t inuous  feed of  the  ca t a lys t  wi th  v e r y  low ed u c t  euncen t r a t i ons  
in the  carr ier  gas [6], or b y  appl ica t ion  of  the  pulse t echn ique .  The  l a t t e r  has  
been  used in the  fol lowing s t u d y  of  CA olefin convers ion  on a r ed u ced  nickel  
faujasi te .  

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

The  fau jas i te  N a Y  (Si/A1 ra t io  -- 3) was syn thes ized  b y  s t a n d a r d  proce-  
dures  of  h y d r o t h e r m a l  c rys ta l l iza t ion  [8, 9] an d  ion-exchanged  in solut ion 
(0.025 M) of  Ni(CHsCOO)2 and  Ca(CH3COO)2. Th e  degree of  exchange  
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(Ni10.sCa2.6Na21.1Y) was d e t e r m i n e d  b y  a t o m i c  a b s o r p t i o n  spec t ro scopy .  
Samples  (20 mg)  of  the  crys ta l l ine  powders  (crys ta l  size ~ 1 ~m) were  p ressed  
(0.5 GPa) ,  pe l le t ized (grain size ~ 0.2 ram),  f i l led in a glass t u b e  (d i ame te r :  
6 m m )  a n d  used  as a f i xed  bed  ca ta lys t .  The  r educ t ion  was  car r ied  ou t  w i th  
h y d r o g e n  (hea t ing  a t  2 K m i n  -1 up  to  720 K ;  8 h a t  720 K).  I t  is well k n o w n  
t h a t  n ickel  f au jas i t e s  c a n n o t  be  r educed  to ta l ly .  The  t r ansmis s ion  e lec t ron  
m i c r o g r a p h s  e x h i b i t e d  b id i spersed  nickel.  Pulses  (0.24 rag) o f  t he  edue ts  
( i -butene,  t r a n s - 2 - b u t e n e  or p r o p e n e ;  p u r i t y  99.5, Messer -Gr iesheim)  were  
dosed  in to  a dr ied  a n d  oxygen - f l ee  car r ie r  gas  of  a rgon  (2 .41h-1) .  The  p rod -  
uc t s  were  a n a l y z e d  b y  cap i l l a ry  gas  c h r o m a t o g r a p h y  ( squa lan  SCOT column) .  
T h e  s e p a r a t i o n  of  i -bu tcne  a n d  1-bu tene  could no t  b e  ach i eved  wi th  t he  
c o l u m n  used.  

R E S U L T S  

P r o d u c t  d i s t r ibu t ions  o b t a i n e d  w i th  0.24 m g  pulses  of  i so-butene ,  t r a n s -  
2 -bu t ene  a n d  p r o p e n e  a t  623 K are  g iven  in Tab l e  1. T h e  mass  ba l ance  
ca lcu la t ions  refer  to  t he  t o t a l  p r o d u c t  pulse  which  was  e jec ted  in to  t he  gas  
c h r o m a t o g r a p h .  The  s u m  of  the  p r o d u c t s  in the  gas phase  was  f o u n d  to  be  

Table 1 

Product distributions (wt. ~ ) of the fourth pulse for olefin conversion 
on reduced ~iCaY at 620 K 

:Product i_Butene a trans- Butene a :prop enea 

methane 0.097 0.098 0.061 
ethane 0.249 0.25 0.89 
propene 9.2 8.0 93.5 
i-butane 17.6 4.6 0.084 
1-butene b 15.0 10.1 0.30 
i-buteneb 30.2 20.5 0.62 
n-butane 0.1 0.38 - 
trans-2-butene 8.0 25.9 0.52 
cis-2-butene 5.8 20.1 0.356 
3-methyl-l-butene 0.23 0.19 - 
1-pentene 0.27 0.23 0.016 
2-methyl-l-butene 1.5 1.2 0.092 
trans-2-pentene 1.0 0.85 0.092 
cis-2-pentene 0.47 0.4 0.039 
2-methyl-2-butene 3.9 3.2 0.26 
i-pentane 2.6 1.7 0.056 
C5+ 3.9 2.3 1.0 

a Educts, 0.24 lag per pulse; bThe i-butene/1-butene ratio was calculated from the ther- 
modynamic equilibrium of butenes 
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> 80 wt.% of the educt. The distributions of Table 1 are taken from the 
fourth pulse, which represents maxima, minima or attainment of plateaus 
with respect to most products. Irrespective of the nature of the educt, the 
main products are butene isomers, propene, pentenes and the monobranched 
C A, C 5 alkanes. A comparable pattern is obtained with propene as educt, 
though the conversion is considerably lower. 

The fractions of representative products with increasing load of the cata- 
lyst in i-butene conversion are given in Fig. 1. The highest yield of olefins is 
reached within the first four pulses, whereas the paraffin portions increase 
only gradually with the number of pulses above 620 K. The fraction of meth- 
ane, which is a representative cracking product, strongly decreases during 
the first four pulses. 
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Fig .  1. Frac t ions  o f  the  representa t ive  produc t s  2 - m e t h y i - 2 - b u t e n e ,  propene ,  i -butane  
and  m e t h a n e  formed in i -butene  convers ion  on  a r e d u c e d  nicke l  faujas i te  versus  
n u m b e r  o f  pulses  
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DISCUSSION 

Reduced nickel faujasites are strongly acidic zeolite catalysts  which are 
able to convert  methanol  to hydrocarbons [10, 11]. The product  distributions 
(Table 1) are very  similar to those obtained on a N a H u  zeolite [6] and support  
the assumption tha t  the conversions of the C 4 olefins are mainly proton cata- 
lyzed with negligible contribution b y  Ni ~ and Ni 2+. The following competi t ive 
reaction paths  should be taken into account for olefin conversion on an acidic 
zeolite like the reduced nickel faujasite used here: (a) isomerization; (b) oligo- 
merization; (c) disproportionation; (d) paraff in formation via hydride shifts; 
(e) cracking; (f) coke-formation; (g) paring reactions. All reactions, except  
(a) and (c), should contribute to deactivation of the faujasite catalyst  b y  
clogging of the zeolite pore system due to oligomerization, on the one hand, 
and due to the inhibition of the catalytically active sites via coke deposi- 
tion, on the other hand. 

A contribution of nickel ions to the isomerization process cannot be exclud- 
ed, bu t  it does not  result in a selectivity for a cis-butene formation, as reported, 
e.g., for Cr a+ ions [12], since the t rans-butene/cis-butene ratio is close to the  
thermodynamic equilibrium value. The capabil i ty of reduced nickel for 
catalyzing dehydrogenat ion/hydrogenat ion reactions should not  be respon- 
sible for the paraffin fractions formed, which are even smaller than those 
found on transition metal-free faujasites [6]. The changes of the relative 
amounts  of propene and of C 5 olefins are strictly correlated with respect to 
the  temperature  as well as to the number  of pulses (Fig. 1), whereas distinct 
induction periods were found for all other products.  This effect can be under- 
stood on the basis of a disproportionation mechanism [2] for C 5 olefin forma- 
tion which was questioned because of experimental olefin ratios Ca/C 5 ~ 1 
[6]. The ratios observed by  us range from 0.5 at 520 K to 2.5 at 720 K and are 
in agreement with the experience that  propene has higher polymerization 
probabilities at  low temperatures  and higher desorption probabilities at  high 
temperatures  as compared to C 5 olefins, which can form relatively stable 
carbenium ions. Consequently, olefin ratios Ca/C 5 ~ 1 do not  rule out  a 
disproportionation mechanism for C a olefin conversion to C 5 olefins. 

The formation of paraffins can be explained by  an intermolecular shift of  
hydride ions [13, 14], resulting in the reaction olefins -~ paraf f ins+ aromatics, 
which is well known to proceed on zeolites with strong acid sites. Since only 
small amounts  of propane and C 5 paraffins are obtained from the acid cata-  
lyzed reaction, the paring mechanism should not  be the main reaction route. 
The results obtained b y t h e  micropulse technique show corresponding induc- 
tion periods for the Caand C 5 olefins and predict olefin ratios C3/C 5 = 1 under  
defined reaction conditions and, therefore, favor a disproportionation mecha- 
nism. Cyclic compounds from olefin oligomerization can be assumed as inter- 
mediates. 

Acknowledgment.  The authors are indebted to Prof. H. Leehert  for his pro-  
motion and for helpful discussions. 
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