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Summary 
Both the homopolymerization of ethylene, 

propylene, l-hexene and 1,3-butadiene and the 
copolymerization of ethylene with these monomers 
were conducted over the SiOg-supported TiC1 a 
catalyst using AIEt2CI or AIEt~ as a reducing 
reagent. With an increase in [he concentration of 
AIEt3, the polymerization activities exceDt for 
ethyIene markedly decreased and the structures of 
the copolymers drastically changed to polyethylene. 
From these results, a correlation was established 
between the oxidation states of titanium and the 
polymerization activities for these monomers. 

Introduction 
From a detailed study of the copolymerization of ethylene 

and propylene over the thermally-reduced Y-AlgOq-supported 
TiCl 4 catalyst with or without using metal al~yl compounds, we 
have recently found that the Ti(III) species are active for 
both monomers, while further reduced titanium species, probably 
Ti(II), are active only for ethylene (SOGA et al. 1981). 

The copolymers of ethylene with higher ~-olefins and/or 
diene compounds are of very importance in the family of 
commercial products, and industrial efforts have been directed 
forward finding novel and more efficient catalysts for the 
synthesis of the desired copolymer. However, the nature of the 
active species for the polymerization of such monomers are 
still left to be much studied. 

From this point of view, in the present paper were 
carried out the polymerization of l-hexene and 1,3-butadiene 
as well as the copolymerization of ethylene with these monomers 
over the SiOo-supported TiC1 A catalyst using AIEt~CI or AiEtq 
as a reducin~ reagent, and w~s established the co~relation 
between the oxidation states of titanium and the polymerization 
activities for these monomers. 

Exper imenta 

Materials Research grade ethylene, propylene, l-hexene, 
1,3-butadiene and n-heptane (from Takachiho Chemical Co.) were 
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purified according~to the usual procedures. SiO^ (from Fuji 
�9 z 

Dev• Co., 300 m /g) was evacuated at 300 ~ f~r 4 h immedi- 
ately before use. Nitrogen of ultra high purity (from Nihon 
Sanso Co., 99.9989 %) was purified by passing through the 
molecular sieve 3A column cooled at -196 ~ The other chemi- 
cals (research grade) were commercially obtained and used 
without further purification. 

Preparation of the SiO2-supported TiC14 catalyst To a 300 ml 

glass reactor equipped with a magnetic stirrer were added 50 ml 
of n-heptane, 16 g of SiO~ and 20 ml of TiC14 under nitrogen. 
The mixtures were kept standing with vlgorous stirring for 
6 h at 98.4 ~ To the reactor containing the precipitates 
was added 150 ml of n-heptane, and the mixtures were again 
kept standing with vigorous stirring for 2 h at room tempera- 
ture to remove the unreacted TIC1. Then the precipitates were 

�9 . . ~" 

separated by flltratlon under nltrogen, adequately washed wlth 
n-heptane, followed by evacuation at 90 ~ for 3 h and then at 
300 ~ for 6 h. 

Polymerization and analytical procedures In a 200 ml 
stainless steel reactor equipped with a magnetic stirrer were 
placed the measured amounts of the catalyst, AiEtq (or AIEt~CI) 
and n-heptane under nitrogen. The reactor was co61ed by liquid 
nitrogen, degassed i. vac. and then given amounts of purified 
monomers were introduced. The polymerization was terminated 
by adding a dilute hydrochloric acid solution in methanol. 
The polymer produced was extracted by hot o-dichlorobenzene 
followed by dring at room temperature. The amount of titanium 
contained in the catalyst was determined by atomic absorption 
spectroph?~ometry (0.55 matom Ti/g-cat). 

The --C-NMR spectrum of the copolymer was measured at 
120 ~ using a JEOL JNM PS-100 spectrometer equipped with the 
PFT-100 Fourier transform system operating at 25.14 MHz. The 
pulse interval was ii s and the number of transients accumulated 
were 1,000 - 2,000. Solutions were made up in o-dichlorobenzene 
to 3 weight percent. The chemical shift was represented in ppm 
downfield from internal TMS. 

DSC measurements (Shimadzu Thermal Analyzer DT-30) were 
made at a heating rate of I0 ~ 

Results and Discussion 
We have previously reported that the polymerization 

activity of the supported catalysts strongly depends upon the 
pore size of the carriers, and that the catalytic activity of 
the active species existing in a small pore is negligibly small 
(SOGA et al. 1979, SOGA et al. 1980). Therefore, #244 SiO2, 
whose average pore diameter (ca. 20 nm) is much greater than 
that of y-AI20 ~ (ca. 6 nm), was used as a carrier. 

The rea~tion of SiO~ with TiC14 in n-heptane was found to 
proceed according to the-following ~cheme, and the fractions 
of A- and B-type species were analytically determined as 66 
and 34 %, respectively (SOGA et al. 1980). 
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SiOH + TiCl 4 > -- SiO-TiCl 3 + / / 
(A-type species)  

HCI 

~SiOH ~SiO\ 
O\ + TiCl 4 > O\ /TiCl 2 + 
~SiOH >SiO 

(B-type species) 

2HCI 

The following are established from the ESR analysis of the 
catalytic system (CHIEN 1971, SOGA et al. 1980). 
(i) The Ti(IV) species in the form of B-type are hardly reduced 

by alkylaluminum compounds. 
(2) The Ti(IV) species in the form of A-type are quantitatively 

reduced to Ti(III) by AIEt~CI. 
(3) Further reduction (Ti(III)~Ti(II)) proceeds by using a 

sufficient amount of AiEtq. 
Accordingly, we can easily cons the oxidation states of 
titanium contained in the catalyst. 

In Tab. 1 are summarized the activities for the homopoly- 
merization obtained under various conditions. Brief results 
of propylene polymerization are also shown for reference. 

Tab. 1 Polymerization results over the SiO2-supported TiCl 4 
catalyst -- 

Monomer Cocatalyst Polymer Yield Activity 
(mol) (mmol/l) (g/g-cat) (kg/g-Ti.h) 

AiEt2C1 (50) 22.0 3.33 

Ethylene AIEt 3 (50) 13.2 2.02 

(0.143) AIEt 3 (i00) 7.5 1.14 

AIEt 3 (500) 6.0 0.92 

Propylene AiEt2C1 (50) 8.0 0.30 

(0.122) AIEt 3 (i00) 0.4 0.02 

AIEt2CI (50) 7.7 0.29 

l-Hexene AIEt 3 (50) 0.8 0.03 

(0.064) AIEt 3 (i00) 0 b) 0 

AIEt 3 (500) 0 b) 0 

AIEt2CI (50) 16.4 0.62 

1,3-Butadiene AIEt 3 (50) 4.3 0.16 

(0.200) AIEt 3 (i00) 1.0 b) 0.04 

AIEt 3 (500) 0 b) 0 

a)Polymerization was conducted at 65 ~ for 15 min in case of 
ethylene and for 1 h in case of other monomers by using 50 mg 
of the catalyst and 5 ml of n-heptane 

b)Considerable amounts of oligomers were produced 
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With increasing the concentration of AiEtq, the activities 
for the polymerization of propylene, l-hexene ~nd 1,3-butadiene 
markedly decreased, whereas that for ethylene polymerization 
didn't chg~ge so much as reported previously (SOGA et al. 1981). 

The - C-NMR spectra of the copolymers of ethylene with 
l-hexene obtained under typical conditions are shown in Fig. i, 
which indicates that the structure of the copolymer drastically 
changes from a random copolymer to polyethylene with an increa- 
se in the concentration of AIEt 3. 

On the other hand, in Fig. 2 are shown the 13C-NMR spectra 
of the copolymers of ethylene with 1,3-butadiene obtained under 
typical conditions. Fig. 2 clearly shows that the polymer 
obtained with the use of AIEt2CI contains a considerable amount 
of 1,3-butadie~. However, is seems to be difficult to judge 
only from the --C-NMR spectrum whether the polymer is actually 
a copolymer or the mixture of polyethylene and polybutadiene. 

To obtain a better insight into this point, DSC measure- 
ments were made on the polymer together with polyethylene and 
polybutadiene obtained with the use of AIEt~CI. From the 
results shown in Fig. 3, it may be said tha~ the polymer is 
actually a copolymer of ethylene and 1,3-butadiene. In Tab. 2 
are summarized the copolymerization activities together with 
the contents of comonomers. 
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Fig. 1 13C-NMR spectra of the ethylene--l-hexene copolymers 
measured at 120 ~ in o-dichlorobenzene. Chemical shifts are 
in ppm from TMS (RANDALL 1973). 
(A) : Obtained by using 200 mmol-AiEtq/l-n-heptane 
(B) Obtained by using 50 mmol-AiEt2Cl/l-n-heptane 
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-CH2-(trans-trans) 
32.89 
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27.78 -CH2- (cis-cis) 

Fig. 2 13C-NMR spectra of the ethylene--l,3-butadiene copolymers 
measured at 120 ~ in o-dichlorobenzene. Chemical shifts are 
in ppm from TMS (TANAKA et al. 1977). 
(A) : Obtained by using 200 mmol-AiEt~/l-n-heptane 
(B) Obtained by using 50 mmol-AIEt2Cl/l-n-heptane 
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Fig. 3 DSC curves of the copolymer, polyethylene and 
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polybutadiene obtained by using AIEt2CI (~T=10~ 
in N2). 
(A) : Polybutadiene, (B) : Copolymer, (C): Polyethylene 
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Tab. 2 Copolymerization results over the SiO2-supported TiC14 
catalyst a) 

Comonomer Cocatalyst Activity Content of Comonomer 
(mol) (mmol/l) (kg/g-Ti~ (%) 

l-Hexene AIEt2CI (50) 1.44 18.0 

(0.064) AIEt 3 (200) 0.55 0 

1,3-Butadiene AIEt2CI (50) 0.81 7.2 

(0.143) AIEt 3 (200) 0.05 0 

a)Copolymerization was conducted at 65 ~ for 1 h by using 
0.143 mol of ethylene, 50 mg of the catalyst and i0 ml of 
n-heptane 

The present results combined with the previous ones 
strongly suggest that the Ti(III) species are active for the 
polymerization of various ~-olefins and diene compounds, while 
further reduced titanium species (probably Ti(II)) are active 
only for ethylene polymerization. 

Therefore, it seems to be most important for the produc- 
tion of the copolymers of ethylene with various e-olefins and/ 
or diene compounds to prevent the catalyst from over-reduction. 
However, the reason why only ethylene is exceptional is still 
obscure at present. 
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