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Simple Z i e g l e r - N a t t a  ca ta lys t  s y s t e m s  for  the d imer iza t ion  of lower  olefins a re  often modified by donors  
such as phosphines  and addit ives [1, 2]. Ca ta lys t  modif icat ion by the introduction of an additive to the reac t ion  
medium,  in c o n t r a s t t o  p r i o r  coordinat ion of the phosphine as a l igand, does not always have a posi t ive  effect 
on se lec t iv i ty .  Thus,  the d imer iza t ion  of propylene on the  Ni(CO) 4 + PPh 3 + A1C13 cata lyt ic  s y s t e m  p roceeds  
with the fo rma t ion  of up to 20-25% p o l y m e r  [3]. 

Another method involving fixation of nickel compounds by impregna t ion  or graf t ing to an anchoring group 
of m ine ra l  or  p o l y m e r  suppor ts  leads  to ca ta lys t s  which re t a in  t h e i r  act ivi ty  over  long per iods  [4-6]. The 
p r epa ra t i on  of ca ta lys t s  by ligand exchange of Ni{CO) 4 + PPh 3 in the adsorbed  l a y e r  of a support  p e r m i t s  us to 
combine these  two methods .  

In the p resen t  work,  a sample  of nickel carbonyltr iphenylphosphine/A1203 (Ct-1) was p r e p a r e d  according 
to our prev ious  p rocedure  [7] and the mos t  impor tan t  f ea tu res  and some kinetic re la t ionships  of the l iquid-  
phase  o l igomer iza t ion  of ethylene in the p r e s e n c e  of the C t - 1 -  organoaluminum Lewis acid catalyt ic  s y s t e m  
were  studied.  

EXPERIME NTAL 

The Ct-1  ca ta lys t  was obtained by tile r eac t ion  of PPh 3 with Ni (CO) 4 p rev ious ly  adsorbed on h1203 a c c o r d -  
ing to our p rev ious  p rocedure  [7, 8]. The IR s p e c t r a  of Ct-1 contained c h a r a c t e r i s t i c  bands at 1945 and 2005 
cm -1 given by Tolman [9] for  Ni(CO) 2 (PPh3) 2. The d imer iza t ion  of ethylene was ca r r i ed  out as in our  previous  
study in a me ta l l i c  r e a c t o r  using dry  heptane,  benzene,  e ther ,  and THF as the solvent .  The reac t ion  products  
were  analyzed by gas- l iqu id  ch roma tog raphy  [8]. 

RESULTS AND DISCUSSION 

The d imer iza t ion  of ethylene under  opt imal  conditions p roceeds  in the Ct-I-Et3AlxC13 s y s t e m  with high 
output (70-80 kg /g  Ni pe r  h) and high se lec t iv i ty  Y C 4 90-94% Che r e m a i n d e r  in hexenes)  upon running the r e -  
action in a r o m a t i c  and al iphatic  hydrocarbons  at 40~ This  output and se lec t iv i ty  a re  signif icantly b e t t e r t h a n  
those found for  act ive homogeneous s y s t e m s  [2, 3, 10]. 

Table 1 shows that  running the r eac t ion  in heptane and in a r o m a t i c  solvents  gives  reac t ion  output, f rac t ion  
composi t ion,  and reac t ion  se lec t iv i ty  re la t ive  to d i m e r  fo rmat ion  which a r e  s i m i l a r .  This  apparent ly  indicates  
the s i m i l a r  nature  of the act ive s i t es .  In e the r  and THF,  the ethylene d imer iza t ion  ra te  (W d, g C2H4/g Ni �9 rain) 
is low. A sample  of ~-C3HsNiC1/A1203 p r e p a r e d  analogously in e ther  a lso  did not r evea l  act ivi ty  in th is  p r o -  
cess  [8]. This sharp  dec r ea s e  in W d in e the r  and THF is apparent ly  r e l a t e d t o  the low concentra t ion of s i t es  
which are  act ive in ethylene d imer iza t ion .  It is not excluded that  hindrance to the fo rma t ion  of active s i tes  in 
e the r  and THF a r i s e s  even in the s tep involving the reac t ion  of the supported meta l  complex with the o rgano-  
a luminum compound.  

In the hydrocarbon  solvents  studied such as heptane,  W d in the s t eady - s t a t e  segment  i n c r e a s e s  l inear ly  
with increas ing  ethylene concentra t ion f r o m  0.3 to 1.7 m o l e / l i t e r  (Fig. 1) as p rev ious ly  found for  ~-C3HsNiX/ 
A1203 (X =CI and Br [8]). 
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Fig. 1. Dependence of the rate of ethylene dimerizat ion on the monomer  con- 
centrat ion in the presence  of Ni (CO) 2 (PPh3)2/Al~O 3 -  Et~AI~CI~ ([Ni] =2 �9 10 -'~ 
g - a t o m / l i t e r ,  A1 : Ni=6, 20~ hepta~e solvent). 

Fig. 2. Effect of the C2H a concentrat ion on the duration of the induction period 
for ethylene dimerizat ion in the presence  of Ni(CO) 2 (PPh~)2/A120 a -  Et3A12C13 
{G is the amount of absorbed ethylene): 1) 0.35, 2) 0.55, 3) 1.7 mole / l i t e r .  
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Fig. 3. Dependence of the rate of C2H 4 dimerizat ion on the 
A1 : Ni mola r  rate ([Ni] = 2 . 1 0  -3 g - a t o m / l i t e r ,  20~ heptane 
solvent, [C2H 4] = 0.45 mole / l i t e r ) .  

Fig. 4. Tempera ture  effect on the a c t i v i t y  and  stabili ty of 
Ni (CO) 2 (PPh3)2/AI~O~-Et~A12CI~ in heptane solvent ([Ni] = 1 �9 
10 ~3 g - a t o m / l i t e r ,  A1 : Ni=9.5, [C2H4] =0.45 mole / l i t e r ) :  1) 
20 ~ 2)40 ~ , 3) 60 ~ 4) 80~ 

The kinetics for  ethylene dimerizat ion on C t - 1 -  Et3AlzC13 i l lustrated in Fig. 2 is charac ter ized  by an 
initial non-s teady-s ta te  segment apparent ly related to the formation of active s i tes .  The dependence of the 
duration of the induction period on the ethylene concentrat ion shown in Fig. 2 was unexpected. This effect is 
apparently related to the part icipat ion of ethylene molecules  in the format ion of the catalytic si tes responsible 

for  this p roces s .  

The effect of the Et~A12C13 concentrat ion and thus, of the A1 : Ni rat io on W d for constant [Ni] is i l lustrated 
in Fig. 3. For  A1 :Ni f r o m  2 : 1  to 12 : t ,  the re  is a sharp increase  in W d. A fur ther  increase  in the A1 :Ni ra t io  
f rom ~ 12 to 35 has only a slight effect on W d while a significant increase  in the rate of ol igomerizat ion of lower 
olefins is cha rac te r i s t i c  for  homogeneous Z i e g l e r - N a t t a  sys tems  with an increase  in the A1 :Ni up to 100 [2, 4]. 
Since a large  excess of the organoaluminum component is required p r imar i ly  to provide for  active site regen-  
erat ion cycles  during the catalyt ic  react ion [2, 11], the low sensit ivity of the Ct-I--Et~A12CI~ sys tem toward the 
Et3A12CI~ concentrat ion in the A1 : Ni rat io f rom 12 to 35 is most  l ikely a resul t  of its ra ther  high stabili ty at 

20~ 

Indeed, ethylene dimerizat ion at 20~ in the presence  of C t - 1 -  Et3A12C13 over l h  proceeds in a s teady-  
state mode (Fig. 4). An increase  in t empera tu re  leads to an increase  in the rate of ethylene absorption but a 
drop in activity is noted over the course  of the experiment  due to the formation of inactive fo rms  of the metal  
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T A B L E  2. The Effect  of T e m p e r -  
a tu re  on the Compos i t i on  of the  
P r o d u c t s  of the  O l i g o m e r i z a t i o n  
of Ethylene in the P r e s e n c e  of 
C t - 1 -  Et3A12C1 a in Heptane Sol- 
vent (0.6 "10 -2 g Ni, A1 : Ni =9.5 ,  
[C2H4] =0.45 m o l e / l i t e r ,  T = 30 s i n )  
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Fig. 5. Feasibility of reactivating the Ni(CO) 2(pph3)2/ 
A1203- Et3AI2CI 3 catalytic system by the addition of a 
new activator portion in heptane solvent ([Ni] =0.001 g- 
atom/liter,  [C2H4] = 1.0 mole/l i ter ,  70~ I) [AI] = 
2.2 �9 10 -3 mole/l i ter ,  2) additional introduction of 2.2 �9 
10 -3 m o l e / l i t e r  Et3A12C13. 

(probably, colloidal nickel). We should note that even at 60~ the catalyst output after 1 h operation does not 
drop below I00 g C2H4/g Ni "sin. At higher temperatures, the regenerating function of the organoaluminum 
component is more evident than at 20~ Figure 5 shows that a new activator portionat 70~ restores the sys- 

tem activity by ,~ 70%. 

Such an effect may be the result of the involvement of a significant portion of deactivated nickel forms 
in the catalytic process [2, 4, II]. An inerease in the number of eatalytie cycles is also found when using a 
higher initial EtaAl2C13 concentration. Thus, an increase in the initial activator concentration by a factor of 
only 1.5 leads to a fivefold increase in the product yield (Table 2, experiments 4 and 5). 

Homogeneous nickel catalyst systems are active at 0-10~ and are completely and irreversibly deactivated 
upon increasing the reaction temperature [4]. Our data show that the Ct-l- L~AI2CI~ system is capable, as 
noted above (see Fig. 5), of reactivation even at 70~ and has relatively high stability and capacity for olefin 
oligomerization at elevated temperatures which is typical for heterogenized metal eomplexes [4, 5]. 

The multifunetional role of the organoaluminum component in reactions catalyzed by Ziegler-Natta sys- 
tems is evident in the significant effect of the composition and, thus, of the type of activator on the yield of 
ethylene dimerization products in the presence of a system with Ct-I and an aluminum-eontaining Lewis acid 
(Table 3). The system output upon variation of the activator changes as follows: AICI3<<AIEtCI 2 < Et~AI2CI3>> 
Et2AIC1 > AIEt~. A similar effect of the type of aluminum-eontaining activator was found by Shmidt et al. [4, 11] 
for catalytic systems consisting of nickel compounds or their heterogenized analogs. The most effective of 
the activators is Et3AI2CI 3 (see Table 3) whieh optimally combines the properties of the rather strong reducing 
agent and alkylaling agent, Et2AICI and the strong Lewis acidity of EtAICI 2. The reaction produet yield is mini- 
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imal for  use of AIC13 and Et3Al as the ac t iva tors .  AiCI~ does not have reducing p roper t i e s  and is a strong Lewis 
acid, while Et3Al is an effect ive reducing agent but a weak Lewis acid [11]. 

Table 3 indicates that there  are  no sharp var ia t ions in the composit ion of the ethylene d imers  and t r i m e r s  
or in the ra t io  of the C 4 andC 6 f rac t ions ,  which would imply a change in the nature of the active si tes  of the C t ~ l -  
organoaluminum act ivator  sys tem.  The d imer  yield d ec r ea se s  slightly with increas ing reac t ion  t empera tu re  
{see Table 2), with increas ing  A1 : Ni ra t io ,  with decreas ing  C2H 4 concentrat ion,  and in going f rom Et3AI2CI~ to 
EtA1C12 (see Table 3). The c~-olefin f rac t ion  in all the exper iments  was small  due to rapid displacement  of the 
double bond. The dec rease  in the amounts of 2-butene and 3-methylpentenes  (the products  of the copo lymer iza -  
t ion of 2-butene and ethylene) with increas ing  C2H 4 concentrat ion is s t r iking.  This effect  indicates inhibition of 
the i somer iza t ion  of the d imers  and t r i m e r s  formed by ethylene.  Thus, the drop in the a -o l e f in  f ract ion and 
enhanced yield of 3-methylpentenes  with increas ing  concentrat ion of alkylaluminum halide are  explained by an 
acce le ra t ion  of the i somer iza t ion .  

Hence, ethylene d imer iza t ion  in the p resence  of Ni(CO) 2 (PPh3)2/A1203- Et~A12CI~ proceeds  with high output 
and se lec t iv i ty  in a r a the r  broad range of t e m p e r a t u r e s ,  ethylene concentrat ions ,  and catalyst  component con- 
centra t ions  without a significant change in the product  composit ion.  

CONCLUSIONS 

I. A study was carried out on the dimerization of ethylene in the presence of Ni(CO) 2 (PPh3)2/Al203 cata- 
lyst obtained by ligand exchange on the support surface in various solvents using aluminum-containing Lewis 
acids as the activator, in the temperature range from 20 ~ to 80~ and in the range of monomer concentrations 
from 0.3 to 1.7 mole/liter. Thegrealest output (70-80 kg/g Ni .h) and selectivity ~0-94% C 4 fraction) was 
achieved using Et~Al2Cl~ as the cocatalyst at 40~ 

2. The ethylene concentration affects the product yield, duration of the induction period, and dimerization 
select iv i ty .  

3. A l inear  dependence was found for  the reac t ion  ra te  on the ethylene concentra t ion.  The Al : Ni ra t io  
has a significant effect  on the reac t ion  output only in the range f rom 5 : 1 to 12 : 1. 
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