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SUMMARY 
Kinetic analysis was performed in a short time polymerizations of l- 

buten~,4-methyl-l-pentene and styrene by using a catalyst system composed 
of MgCI2/TiCI4/PhCO2Et with AIEt3/PhCO2Et which is known as a highly active 
and highly stereospecific catalyst system in olefin polymerization~ The 
concentration of the active centers,[C*], the propagation rate constant,kp, 
and the chain transfer rate, Ttr, were determined for each monomer. It was 
found that the values of [C*] were almost same for every monomer, but the 
values of ~p changes widely in the following order: propylene>l-butene>4- 
methyl-l-pentene>styrene. 

INTRODUCTION 
It is well known(l) that the catalyst system which is incorporated with 

the MgCl2-supported titanium catalyst(MgCl2/TiCl4/PhCO2Et) , triethylalumi- 
nium and ethyl benzoate(AIEt3/PhCO2Et) exhibits a very high activity and 
high stereospecificity in propylene polymerization. In a previous paper(2), 
we have reported a kinetic study on propylene polymerization with the above 
catalyst system. In this report, kinetic analysis was performed with short 
time polymerizations of l-butene, 4-methyl-l-pentene and styrene, in which 
the values of the concentration of the active titanium centers, [C*], the 
propagation rate constant, kp, and the chain transfer rate, ktr, were de- 
termined for each monomer. 

EXPERIMENTAL 
Preparation of MgCl~-supported titanium catalyst; Preparation of the 

MgCl2-supported titanium catalyst was carried out as described in the pre- 
vious paper(2). 

l-Butene polymerization; l-Butene slurry polymerization was carried 
out in a IZ glass-made flask using decane as solvent~ Decane(500m~) was 
put into the flask, which was filled with l-buteneo Triethylaluminium, 
ethyl benzoate, and the solid catalyst were added, then , the polymeriza- 
tion was performed under atmospheric pressure for 15-2408ec~ at 10~ 
After completion of polymerization, a small amount of ethanol was added to 
the system to stop the polymerization and , then, the whole slurry was 
poured into a large quantity of methanol. The obtained solid polymer was 
collected , washed with HCl-methanol solution , and dried in vacuo~ 

Polymerization of 4-methyl-l-pentene and styrene; 4-Methyl-l-pentene 
and styrene slurry polymerizations were carried out in a IZ glass-made 
flask without added solvent. Other polymerization conditions were the 
same with those of l-butene polymerization. 

Characterization of polymer; Isotactic index(IoIo) for poly-l-butene 
and poly-4-methyl-l-pentene was given by the weight fraction insoluble in 
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decane at room temperature;,i.eo, ig of polymer was dissolved in 100m/ of 
decane at 150~ cooled to room temperature, and allowed to stand for one 
night. The precipitated polymer was separated, dried and weighed. The 
number average molecular weights, Mn, of the poly-l-butene and styrene were 
determined by GPC(Waters Associates, Model ALC/GPC 150), using polystyrene 

7 gel colums(10 , 106, 105, 104 and 103A pore size) and o~ichlorobenzene as 
solvent at 135~. The number average molecular weight, Mn, of the poly-4- 
methyl-l-pentene were calculated using Hoffman's relationship(3) 

[D] = i~215 -4 Mn 0"81 (i) 

where the intrinsic viscosity, [~], of the polymer was obtained in decalfne 
at 135~ 

RESULTS AND DISCUSSION 
Short time(5-3008~o) polymerizations of 1-butene, 4-methyl-l-pentene, 

and styrene were performed with the catalyst system(MgCl2/TiCl4/PhCO2Et 
with AIEt3/PhCO2Et) at 10~ The results are given in Table i. 

Table i. Polymerization Results with MgCI2/TiCI4/PhCO2Et with AIEt3/ 
PhCO2Et as Catalyst System 

Run Polymerization Results 
conditions(a) Polymer I~ [n] ~w/M--n m 

Mn Pn 
Monomer [M] [Ti] Time yields x10-4 x10-3 

(tool~l) (.~nolll) (sec.) (tool~ 
molTi) (~) (dl/g) 

A~I I-Bus 3.20 0.4 I5 1.07x102 3.29 34.7 6.20 
2 30 2.68 3.29 48.0 8.57 
3 60 4.54 3.63 61.4 ii.0 
4 90 8.21 3~ 60~ 10.8 
5 120 8.57 91 3.64 69.8 12.5 
6 240 14.1 3.79 85.3 15.2 

B-I 4-methyl- 8.00 0.4 30 0.714xi02 3~ 19~ 2~ 
2 l-pentene 60 1.79 4.54 24~ 2.90 
3 90 3.33 4.74 25.8 3.07 
4 120 3o81 4~ 27.4 3.25 
5 150 6.55 89 4~ 27.2 3~ 
6 180 6.30 5.28 29.4 3.49 

C-i Styrene 8.71 6~ 5 2.91 14.3 0.867 0.0832 
2 i0 4.36 13.5 i.ii 0.107 
3 20 5.82 12.4 1.22 0.117 
4 40 11.6 15.8 2.46 0.236 
5 120 55.2 17.6 3.57 0.342 
6 240 127 21.9 3.50 0.336 
7 300 166 16.6 4.59 0o441 

(b) 
D-I Propylene 0.71 0.55 5 23.8 5.33 1.27 

2 i0 34.8 7.37 1.75 
3 15 43.8 7.53 1.79 
4 60 117 99 11.6 2~ 
5 120 197 14.8 3~ 

(a) Other polymerization conditions are given in Fig.lo 
(b) This data is reported in Ref. (2)o 
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For the purpose of comparison, the results of propylene polymerization with 
the same catalyst system(2) are also given in Table i. The values of the 
isotactic ifldex of the polymers are quite high (about 90%) also with l- 
butene and 4-methyl-l-pentene. Fig.l shows the relation between the poly- 
mer yield and polymerization time. In every monomer polymerization, a lin- 
ear relationship was obtained~ Thus, the polymerization rate, R, expressed 
by the slope was constant against polymerization time. Therefore, the con- 
centration of the active centers, [C*], could be regarded to be constant 
under the investigated conditions. From above results, polymerization rat~ 
R, and the number-average degree of polymerization, ~n, measured for short 
polymerization time(Table i) were expressed as follows(4), 

R = ~[C*] [~ (2) 

Pn = Rx~/([C*] + RtrxT) (3) 

where kp is the propagation rate constant, [M] fs the monomer concentration, 
T is the polymerization time and Rtr is the chain transfer rate~ Substi- 
tution of Eq.(2) into Eqo(3) gives Eq.(4) (next page). 
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Fig.l Time Dependence of Polymer Yield in the Polymerizations 
of l-Butene, 4-Methyl-l-pentene and Styrene with MgCI2/TiCI4/ 
PhCO2Et with AIEt3/PhCO2Et Catalyst System. 
Polymerization conditions; Temp: 10~ [l-butene]=3.2mol/~, 
[4-methyl-l-pentene]=8.0Omo~/1, [styrene]=8.71mol/Z, 
mole ratio AI/Ti=25, (O):l-butene, (~):4-methyl-l-pentene, 
(W) :styrene~ 
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ll~n = [C*]I~• + Rtrlkp[M][C*] (4) 

According to Eq.(4) a linear relationship was actually obtained between i/~ 
and I/(R xT) (Fig.2). [C*] were determined from the slope of Fig.2. Next, 
R could be obtained from the slope of the straight lines in Fig.l, and con- 
sequently the values of kp were determined from Eq.(2)o Rtr could be ob- 
tained from the intercept in Figo2, which is Rtr/kp[M][C~]. The rate of 
chain transfe;, ~tr, can be expressed as follows, 

Rtr = rtr[C*] (5) 

where, ~tr is the rate of chain trnsfer at an active center. 
The average lifetime of the polymer chain, t, could be obtained from t=I/ 
mtr. All of the obtained values are listed in Table 2. As shown in Table 
2 , the values of [C*] and t are almost same for every monomer, but the val- 
ues of kp(1/molos~e) widely vary in the order: propylene(200)>l-butene(160) 
>4-methyl-l-pentene(30)>styrene(l.9). The order of kp values of three e- 
olefins(propylene, l-butene and 4-methyl-l-pentene) may be rationalized by 
the magnitude of steric hindrance. The kp values obtained here are quite 
significant from both scientific and industrial viewpoints. However, the 
analysis according to the mechanism of the so-called~"coordination poly- 
merization" requires further studies. 
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Figo2 Relation between i/~ n and I/(RxT) 
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Table 2. Kinetic Data 

Monomer [M] R [C*]xl02 k ktr t 
(tool~l; (mol/moITi.8ec; (1/mol~seo) (m~n -1) (m/n) 

Propylene a) 0o71 1.82 1.3 200 2.14 0.47 

1-Butene 3.20 6.68 1.3 160 1.37 0.73 

4-Methyl- 8~ 3.37 1.4 30 3.70 0.27 
l-pentene 

styrene 8o71 0.512 3.0 1o9 2.40 0.42 
a) This data has been reported in Ref. (2)o 
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