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In addition to low density polyethylene
(LDPE) and high density polyethylene
(HDPE), the copolymers of ethylene and a-
olefin (1-butene, 1-hexene or l-octene) were
recently prepared and named linear low
density polyethylene (LLDPE).! Because
LLDPE has better physical properties of melt-
ing point, rigidity, low impact temperature,
tensile strength and elongation compared to
LDPE, commercial interest has naturally
gravitated. Recently Soga et al. used the sup-
ported titanium butoxide catalyst for the pro-
duction of ethylene—propylene rubber.?

We would like to report the preparation of
LLDPE by copolymerization of ethylene and
I-butene in the slurry phase using titanium
tetra-n-butoxide—diethylaluminum  chloride
catalyst and the effects of aging time and
concentration cf catalyst components on cata-
lytic activity and l-butene content of co-
polymer produced.

The monomers of ethylene and 1-butene
supplied by the Dae-han Petrochemical Co.,
Korea were used without any purification. The
catalyst components of diethylaluminum
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chloride (DEAC) obtained from the Dae-
han Petrochemical Co., Korea, and titanium
tetra-n-butoxide (TTB) of Alfa Chemical Co.,
U.S.A. were diluted with distilled n-hexane.

The high-pressure reactor (Parr Instrument
Co., U.S.A.) equipped with temperature reg-
ulator and circulating water bath (Julabo F-
40, West Germany) was used as a reaction
vessel. After 150ml of n-hexane and appro-
priate amounts of catalyst components were
added, the polymerization reaction was carried
out by charging the comonomer mixture
(94.240.7molY, of ethylene and 5.8+0.7
mol%, of 1-butene) with 4kgecm™2 of total
pressure. In order to evaluate catalytic ac-
tivity, the weight of copolymer produced per
gram of titanium tetra-n-butoxide was calcu-
lated and expressed by g-polymer/g-Ti.

The 1-butene content in copolymer was
determined using IR spectrophotometer
(Perkin-Elmer 282 B, U.S.A.) by Bryant meth-
od® and '*C NMR of Queen’s University,
Canada.*

The aging time, the contact period of both
catalyst components affects the catalytic ac-
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tivity markedly. It has been reported that the
polymerization rate decreased gradually with
the increase of catalyst aging time for the
preparation of poly(ethylene-propylene) with
Al(CsH,;);-VCl,> and  poly(ethylene-1-
butene) by Cp,TiCl,~(iso-Bu)AICL°. For this
TTB-DEAC catalyst system, the effects of
aging time on the catalytic activity and 1-
butene content of the copolymer were in-
vestigated and plotted in Figure 1. As seen at
this figure, the catalytic activity was almost
independent of aging time up to 60 minutes
but decreased for longer aging time. This
tendency was believed to be due to the de-
crease of active sites on the catalyst in the
absence of monomer.” The 1-butene content of
the copolymer also decreased for longer aging
time which could be explained by the over-
reduction of Ti** species to Ti** species. The
correlation has been well established between
the oxidation states of titanium and polymer-
ization activities of various olefins, i.e., the
Ti** species are active for all olefins whereas
the Ti’* species only for ethylene.®-® Therefore
the aging time of 60 minutes was good for the
catalytic activity and 1-butene content of the
copolymer.

For the propylene polymerization using
VCI,—~DEAC catalyst at constant concen-
tration of VCl,, the polymer yield increased
but the weight-average molecular weight de-
creased with increasing the DEAC concen-
tration.!® According to the study of Natta et
al. on the copolymerization of ethylene and
propylene by VCl,~trihexylaluminum (THA)
catalyst with constant concentration of VCl,,
the conversion had a maximum at the
[THA]/[VCI,] ratio of 2.5.°

Therefore the catalytic activity and 1-butene
content of the copolymer were examined for
different concentrations of DEAC at constant
concentration of TTB and are given at Figure
2. As shown in Figure 2, the copolymer was
not produced below the [DEAC]/[TTB] ratio
of 8 and for higher ratio the catalytic activity
increased with the concentration of DEAC.
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Figure 1. Effects of aging time on the catalytic activity
and 1-butene content of the copolymer for the copo-
lymerization of ethylene and 1-butene with TTB-
DEAC catalyst: [C,H,}/[C,Hg]=94.2/5.8; [TTB]=
3.52x 10 *mol 17!; [DEAC]/[TTB]=15.7; diluent, 150
ml n-hexane; temperature, 70°C; pressure, 4kgcm™2;
polymerization time, 1 h.
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Figure 2. Effects of [DEAC]/[TTB] ratio on the cata-
lytic activity and 1-butene content of the copolymer for
the copolymerization of ethylene and 1-butene with
TTB-DEAC catalyst: [C,H,]/[C,Hg]=94.2/5.8; [TTB]=
3.52x 10 *mol 17!; diluent, 150 ml n-hexane; tempera-
ture, 70°C; aging time, 60min; pressure, 4kgem™2;
polymerization time, 1 h.

But the 1-butene content of the copolymer had
a maximum near [DEAC]/[TTB] ratio of 16
and decreased above this maximum due to the
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Figure 3. Effects of [TTB] on the catalytic activity and
1-butene content of the copolymer for the copolymer-
ization of ethylene and 1-butene with TTB-DEAC
catalyst: [C,H,]/[C,Hg]=94.2/5.8; [DEAC]/[TTB]=
15.7; diluent, 150 ml n-hexane; temperature, 70°C; aging
time, 60 min; pressure, 4kgcm™2; polymerization time,
1h

over-reduction of Ti** species for higher
DEAC concentration.

In addition, the effects of TTB concen-
tration at constant [DEAC]/[TTB] on catalytic
activity and 1-butene content were measured
and are shown at Figure 3. As shown in Figure
3, the minimum TTB concentration of 2 x
10"*moll~! was necessary for the production
of the copolymer and above this value the
catalytic activity increased with TTB concen-
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tration. Catalytic activity increase may be due
to the increase of active site number and the
change of the nature of the active site (in-
crease of k) because the amounts of incorpo-
rated 1-butene units in copolymers decreased
with increase of TTB concentration at con-
stant [C,H,]/[C,Hg].
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