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Polymerization of 1,3-butadiene to high-cis-I,4-polybutadiene initiated by cobalt (II )-2-ethyl­
hexoate-diethylaluminum chloride was studied as a function of catalyst/cocatalyst concentration and 
reaction temperature in benzene-butene-I mixed solvent system. Molecular weight was unaffected by 
cobalt (II) concentration. However, increasing concentration of organoaluminum as well as temperature 
depressed molecular weight. The cis-content was invariant with reaction conditons. A series ofoletins and 
dioletins were examined for their relative efficacy as chain transfer agents. Allenic hydrocarbons were superior 
to olefins. Dicyclopentadiene showed desirable features of a good chain transfer agent. 

1,3-Butadiene undergoes stereospecific 
polymerization to high molecular weight 
cis-I,4-polybutadiene (> 97% cis-l,4 content) in 
presence of soluble catalysts comprising cobalt (II) 
salts and diethylaluminum chloride!, In spite of the 
widespread use of this chemistry in industrial 
practice. little systematic information is available in 
the literature on the effect of various reaction 
parameters on the course ofthis polymerization2 , We, 
therefore, undertook a detailed study of the effect of 
catalyst/cocatalyst concentration and reaction 
temperature on molecular weight, molecular weight 
distribution and microstructure of poly butadiene. 
We also examined the efficacy ofvarious mono- and 
di-oletins as chain transfer agents in butadiene 
polymerization. All these studies were conducted in 
a mixed solvent system consisting of 70/30% wt/wt 
benzene-butene-!. Unlike laboratory studies, 
industrial polymerization of 1.3-butadiene is 
inveriably performed in mixed solvents2•3 • This paper 
reports the results of this study. 

Experimental Procedure 
Material,) 1,3-Butadiene (inhibitor free) was 

sampled from IPCLand stored in laboratory with 40 
ppm t-butylcatechol. Butene-I (Polyolefins India 
Ltd, > 99% pure by GC) was used as received. 
Benzene dried over molecular sieves was stored over 
sodium wire in an atmosphere of nitrogen. 
Diethylaluminum chloride (Ethyl Corporation) was 
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sampled neat and used as 15% solution in benzene. 
Cobalt (1J)-2-ethylhexoate was used as 5% solution 
in benzene. All other chemicals used were reagent 
grade. All manipUlations involving catalyst were 
performed in an inert atmosphere box purged 
continuously with high purity nitrogen. 

Polymerization-The detailed procedure for 
polymerization of 1,3-butadiene in 
benzene-butene-l mixture has been described2 • 

Chain transfer agent (methylallene or C4 raffinate) 
was charged as gas through injection port fitted with a 
rubber septum using a long stainless steel needle the 
tip of which was immersed in the liquid feed in the 
reactor at - 5°C. The other side of the needle was 
connected to a cylinder containing the chain transfer 
agent through a gas flow meter. The order of 
addition was feed (butadiene + solvent), followed by 
chain transfer agent, diethylaluminum chloride and 
lastly cobalt-2-ethylhexoate. The chain terminator 
was added last when ethylene/propylene was used as 
chain transfer agents since they had to be charged 
under pressure. Ethylene or propylene was charged 
under pressure. Ethylene or propylene was charged 
through a calibrated bomb which was connected to 
the reactor using high pressure needle valves. 

Polymer recovery and characterization- The 
polymer recovery procedure and characterization 
were as described before2 • 

Results and Discussion 
Ef/ect of' catalyst concentration ... Cobalt 

(1I)-2-cthylhexoate concentration was increased 
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from 0.026 mmole phgm to 0.090 mmole phgm at 
constant AI/Co ratio. Conversion showed a steady 
increase but molecular weight, its distribution and 
microstructure were invariant (Table 1). In the range 
of concentration studied cobalt (II) salt had no 
molecular weight depressing effect4 • However, when 
the concentration ofdiethylaluminum chloride was 
increased at constant cobalt (II) concentration, 
conversion increased steadily, molecular weight 
decreased and the cis content was unaffected (Table 
2). The ability oforganoaluminum compounds to act 
as chain transfer agent in Ziegler-Natta 
polymerization is well documented in the 
literatures. 

Effect of temperature-The effect of 
polymerization temperature in the range 5-15°C was 

studied. The results are shown in Table 3. Whereas 
conversion increased and molecular weight 
decreased with temperature, the cis content was 
unaffected. At higher reaction temperatures, rate of 
chain transfer to both solvent and cocatalyst 
increases resulting in a decrease in molecular weight. 
However, temperature has little influence on the 
stability of the 1t-allyl cobalt complex which is 
responsible for the repetitive cis insertion of 
1,3-butadiene. 

Effect of chain transfer agents-Chain transfer 
agents are employed in 1,3-butadiene 
polymerization to regulate polymer molecular 
weightsl. A number ofcompounds, mostly organic, 
are reported to be useful for this purpose. They 
include waterli, hydrogen 7 , ethylene8 , propylene8 , 

Table I-Effect of cobalt (II)-2-etbylbexoate concentration" 

No. DEAH Co(II) Time, Conv., [TI]b Microstructure Mw 
pbgm pbgm min % dl g-l 

% cis 8/0 f1'tJ1U % vinyl Mn 

r;. 
I 5.45 0.026 15 0.3 

2 8.18 0.039 15 4 3.5 98.2 0.8 1.0 

3 10.90 0.052 15 21 3.3 97.9 0.8 1.3 2.7 

4 13.62 0.065 12 23 3.2 98.4 0.5 1.1 2.3 

5 16.35 0.078 12 34 2.4 97 1.0 2.0 2.2 

6 19.07 0.090 10 28 3.2 97.5 0.8 1.7 2.9 

"Butadiene: 22.3% wt in benzene-butene-I (70/30 by % wt), temperature =to·C. 


bin toluene at 30'C 


Table 2-EtTect of diethylaluminum chloride concentrationa 

No. 	 DEAH AI/Co Time, Conv. [TIlb Microstructure 
mmole min % dl g-l 

pbg 	 % cis % tr'tlIIS % vinyl 
1 	 10.9 210 25 23 4.1 98.0 0.5 1.5 
2 	 21.8 420 20 29 3.5 97.8 0.7 1.5 
3 32.7 629 15 40 1.9 96.1 0.9 3.0 

f""" 4 	 43.6 838 15 41 2.2 97.4 0.7 1.8 
5 	 54.5 1048 10 36 2.7 97.1 0.7 2.2 

-Butadiene: 22.3% in benzene-butene-I (70/30 % wt), temperature= 10°C. 

bin toluene at 3O"C. 


Table 3-Effect of temperature" 

No. Temp., ·C Conv., 
0/0 

[TIlb 

dl g-I 
Microstructure Mw 

% cis % IrQIU % vinyl Mn 

1 5 3 3.4 98.3 0.5 1.2 2.3 

2 10 20 3.2 98.4 0.9 0.7 2.4 
3 15 23 2.9 98.5 0.9 0.6 2.4 

"Butadiene: 22.3% wt in benzene-butene-l (70/30 wt %), Cobalt (II)-2-ethylbexoate: 0.05 mmole pbgm, DEAC: 10.9 mmole pbgm, 

time= 20 min 
bin toluene at JO·C 
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higher alpha 0lefins8 , allenes8 , cyclooctadiene9 , 

imides1o, ketonesll , alcohols12, esters13 and 
nitriles13, thiophene l 4, triethylamine14 and 
anisole14• No information is available in the 
literature on the relative efficiencies of these diverse 
range ofchain transfer agents. To generate this result, 
a series ofolefinic and diolefinic organic compounds 
were examined for their relative chain transfer 
efficiency. Methylallene, C4 raffinate from naphtha 
cracker containing 0.6% wt ofmethylallene, ethylene 

and propylene were studied at various 
concentrations. The results are shown in Tables 4-7. 
The results show that either neat methylallene (500 
ppm) or methylallene (100-150 ppm) contained in 
2-3 mole % C4 raffinate is sufficient for the desired 
level ofmolecular weight reduction (from an intrinsic 
viscosity of 4 to 2.5 corresponding to a Mooney 
viscosity of40-50) without affecting either the extent 
of conversion, microstructure or molecular weight 
distribution. Ethylene was effective at I mole % 

Table 4-Effect of methylallene on polymerization of 1,3-butadienea 

No. Methylallene Conv. [Tllb Microstructure Mw 
ppm (based on % dl g-I 

monomer % cis % trans % vinyl Mn 
I Nil 41 4.2 98.3 0.6 1.1 2.95 

2 500 40 2.5 98.2 0.6 1.2 2.57 
3 1000 44 2.0 98.3 0.6 1.1 2.43 
4 1500 49 1.4 98.1 0.8 l.l 2.09 

? 5 2000 49 1.3 97.1 1.0 1.9 1.94 

aButadiene: 22.80/0 wt in benzene-butene-I (70/30 % wt), Co(II): 3.02 mg phgm, DEAC: 10.6 mmole phgm, temperature = 10°C, 

time = 10 min. 

bin toluene at JODC. 


Table 5-Effect of C, raffinate on polymenzation of 1,3-butadienea 

No. C4 raf'finate Conv. [Tllb Microstructure Mw 
mole % based % dl g-I 
on monomer % cis % trans % vinyl M;. 

Nil 32 4.1 98.4 0.5 l.l 3.56 
2 I 38 3.6 97.9 0.9 1.2 2.89 
3 2 30 3.0 98.2 0.7 1.1 3.14 
4 3 33 2.6 98.6 0.5 0.9 2.97 
5 4 26 2.4 98.3 0.7 1.0 2.62 
6 5 30 2.2 98.3 0.7 1.0 3.17 

aButadiene: 21.3% wt in benzene-butene-I (70/30 % wt), Co(ll): 3.1 mg phgm, DEAC: 10.9 mmole phgm, temperature = 10°C, 

time=30".6O min. 

bin toluene at JODe. 


Table 6-Effect of ethylene on polymerization of 1,3-butadiene' 

No. Ethylene, Conv., [Tllb Microstructure 
mole % based % dl g-l 
on monomer % cis % trans % vinyl 

I 23 4.0 98.2 0.7 1.1 
2 1.0 29 2.8 97.8 0.9 1.3 
3 2.0 29 2.6 98.1 0.6 1.3 
4 3.0 35 2.45 98.1 0.7 1.2 
5 4.1 40 2.2 97.5 0.9 1.6 
6 5.2 27 2.1 98.1 0.8 1.1 

aButadiene: 22.5% wt in benzene-butene-I (70/30 wt %), Co(ll): 3.1 mg phgm, DEAC: 10.9 mmole phgm, temperature = 10°C, 

time 30.60 mm. 

bin toluene at 3O"e. 
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concentration. Propylene showed no molecular 
weight depression even up to 7 mole % 
concentration. A series of liquid olefins and dienes, 
namely, styrene, divinylbenzene, dicyclopentadiene, 
and norbomadiene, were examined as chain transfer 
agents at I mole % concentration in benzene (Table 
8). Clearly, styrene, divinylbenzene and 
norbornadiene were ineffective as they caused 
significant lowering of conversion. However, 
dicyclopentadiene at 0.25 mole % concentration 
reduced the molecular weight to the desired level 
without any adverse effect on either conversion or 
microstructure (Table 9). 

These results clearly establish the superiority of 
allenic hydrocarbons as efficient chain transfer 
agents in butadiene polymerization. Ethylene is 

effective at higher concentrations. Higher alpha 
olefins and aromatic olefins are ineffective. Among 
the liquid dienes, dicyclopentadiene show good 
promise as a potentially useful chain fransfer agent. 

The mechanism ofchain transfer in 1,3-butadiene 
polymerization is best understood in terms ofa stable 
propagating 1t-allylic cobalt complex which is 
intercepted by insertion of an olefin to form a less 
stable cr-complex2 • The latter spontaneously 
undergoes l3-hydrogen scission to form a terminal 
unsaturation in the polymer and an active Col-H 
species capable of initiating fresh polymerization. 
The higher chain transfer efficiency of allenes or 
ethylene could be due to the ease ofinsertion ofthese 
less olefins into the active centre compared to 
ex-substituted olefins such as propylene or styrene or 

Table 7-Effect of propylene on polymerization of 1,3-butadienea 

No. Propylene Conv., [ll]b Microstructure?- mole % based % dJ g-I 
on monomer % cis % trans % vinyl 

1 	 23.0 4.0 98.2 0.7 1.1 
2 3.0 33 3.7 98.0 0.6 1.4 
3 4.4 26 3.7 97.8 0.9 1.3 

4 6.0 26 3.7 98.6 0.5 0.9 
5 7.3 55 3.5 98.6 0.9 1.5 

aButadiene: 22.50/0 wt in benzene-butene-I (70/30 wt %), Co(II): 3.1 mg phgm, DEAC: 10.9 mmole phgm, temperature = WC, 

time = 30.60 min. 

"in toluene at 30·C 


Table 8-Effect of other chain transfer agents on polymerization of 1,3-butadiene· 

Divinylbenzene Styrene Norbomadiene No. Chain 
I mole % I mole % I mole % transfer agent 

[ll]b, dI g-I 3.9 2.99 4.2-4.5 

Conv., % IO 3 3 25 

cis. % 96 97 93 97 

r'­
- aButadiene: IO g in 65 mL benzene, Co(ll): 0.04 mmole phgm, DEAC 12.5 mmoles phgm, temperature = 25"C, time =20 min. 

bin toluene at ]o"C. 

Table 9-Effect of dicyclopentadiene on polymerization of 1,3-butadiene" 

Mole % based Conv. [ll]b Microstructure 
on monomer % dl g-I 

% cis % trans % vinyl 
cd 2 

1.0 4 2.5 

0.5 6 1.9 98.0 0.9 1.1 
0.25 23 2.2 97.6 1.0 1.4 

0.125 	 27 3.3 98.0 0.9 1.1 
Nil 25 4.2-4.5 97.4 1.0 1.6 

aButadiene: 109 in 65 mL benzene, Co(II) 0.04 mmoles pbgm, DEAC: 12.5 mmoles phgm, temperature = 25°C, time = 30 min. 

bin toluene at ]O°e. 
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norbornadiene. Aromatic/bicyc1ic olefins also cause 
catalyst deactivation. The improved chain transfer 
efficiency of dicyclopentadiene is somewhat 
surprising. The fact that one of the double bonds, 
though disubstituted, is far removed from the C-7 
carbon could be responsible for this observation. 
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