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Ultrahigh Molecular Weight Ethene Copolymers
from Metallocene and Ziegler Catalysts
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Ssummary: In this study, ultrahigh molecular weight polyethene homopolymer and
copolymer were successfully produced with the metallocene and the Ziegler catalyst
system. In case with the metallocene catalyst system, viscosity average molecular
weight of the homopolymer was controlled from 2 million to 10 million. Also, the
molecular weight of the copolymer was reached up to 6 million. In case with the
Ziegler catalyst system, the molecular weight of the copolymer was reached up to
4 million. The transparency of the copolymer by the Ziegler catalyst, with which the
copolymer with better uniformity was produced, could be comparable with that by
the metallocene catalyst.
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Introduction

Ultrahigh molecular weight polyolefin, in
particular ultrahigh molecular weight poly-
ethene (UHMWPE) is excellent in impact
resistance, abrasion resistance, sliding
properties and chemical resistance com-
pared to widely used polyethene, usable for
sliding components, and has thus been
ranked as one kind of engineering plastic.

UHMWPE with high crystallinity is
white and opaque, and has poor transpar-
ency even if formed into thin sheet or film,
impairing design properties of brand name
as observed in the application for ski sole.
In such actual situation, UHMWPE having
excellent transparency is in demand. To
improve transparency, an UHMWPE copo-
lymer obtained from ethene and another
a-olefin (comonomer) was proposed!!).
However, low polymerization temperature
was necessary to produce the UHMWPE
copolymer, by which the efficiency of the

Polyolefins Development Department, Polyethylene
Division, Asahi Kasei Chemicals Corporation, 2767-
11 Niithama, Shionasu, Kojima, Kurashiki, Okayama
711-8510, Japan

Fax: (+81)-86-458-3229;

E-mail: hasebe. kb@om.asahi-kasei.co.jp

Copyright © 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim -

production was decreased. When the copo-
lymerization was carried out at the practical
temperature in the industrial process, which
is from 70 °C to 100 °C, the molecular weight
of the copolymer was too low to have the
excellent abrasion resistance and friction
coefficient, both of which were important
characteristics of the UHMWPE.

On the other hand, it is well known that
a highly active metallocene catalyst gives
an ethene polymer, which has a narrow
molecular weight distribution and a uni-
form distribution in the composition of
constituent molecules. The problem in the
polymerization process using the metallo-
cene catalyst is that the polymerization
rate is generally too high at initial stages
to remove the heat of polymerization
efficiently, and causes local heat genera-
tion spot in the obtained polymer. Thus,
part of the polymer particles reaches the
melting point or higher and fuses with each
other to generate a bulk polymer. In a
continuous process, generation of such
bulk polymer results in clogging of poly-
mer discharge tube of a polymerization
reactor, making it impossible to remove
the polymer, whereby continuous opera-
tion is disturbed.

L EHWILEY .
InterScience*

l161



1621

Macromol. Symp. 2007, 260, 161-164

Experimental Part

Catalyst and Treatments

All manipulations were carried out under
a nitrogen atmosphere. All solvents were
dehydrated with MS-13X before use.
Tebbe reagent was synthesized from biscy-
clopentadienyltitanium dichloride and tri-
methylaluminium. A metallocene catalyst
prepared from [(N-t-butylamide)(tetram-
ethyl-n°-cyclopentadienyl)-dimethylsilane]-
titanium-1,3-pentadiene, bis(hydrogenated
tallow alkyl)methylammonium-tris(penta-
fluorophenyl)(4-hydroxyphenyl)borate and
silica treated with triethylaluminium was
reacted with a small amount of hydrogen
before use. Two types of Ziegler catalysts
(Z-1 and Z-2) were used in this study.
Z-1 catalyst was prepared with supporting
technology from dibutylmagnesium,
triethylaluminium, methylhydropolysilox-
ane, trichlorosilane, and titanium tetra-
chloride. Z-2 catalyst was prepared without
supporting technology from dibutylmagne-
sium, triethylaluminium, methylhydropoly-
siloxane, and titanium tetrachloride.

Polymerization Procedure

Polymerization was carried out at 70 °Cina
vessel-type reactor equipped with a stirrer.
Solvent, ethene, the catalyst, and the Tebbe
reagent were continuously fed to the reactor.
The polymerization rate was 10 kg-PE/h.

Analytical Procedure

Viscosity average molecular weight (Mv) of
polymers was calculated from the intrinsic
viscosity ([n]) of the polymers according to
the following formula.

Mv = 5.34 x 10* x []"*

Density of polyethenes obtained was
determined according to the method des-
cribed in ASTM D1505. Measurement of
haze of sheets produced with polyethenes
was carried out according to the procedure
described in ASTM D1003. Crystallinity of
the polymer obtained was calculated from
the heat of fusion measured by differential
scanning calorimetry (DSC) with a DSC7
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(PERKIN-ELMER Inc.). Molecular weight
distributions (MWD) of polyethenes ob-
tained were determined by gel permeation
chromatography (GPC) with an alliance
GPCV2000 (Waters Inc.) at 140°C using
o-dichlorobenzene as a solvent.

Results and Discussion

Ethene polymerization was conducted with
the metallocene catalyst reacted with a small
amount of hydrogen in order to prevent a
generation of bulk polymer as well as to
keep the polymerization activity high. The
Tebbe reagent was continuously fed to
the polymerization reactor in order to con-
sume the hydrogen, which was also fed as
a residue of the reaction with the catalyst,
by the hydrogenation reaction of ethene,
because Mv of the polymer immediately
decreased by hydrogen, which was one of
the strongest chain transfer reagent.

The results of ethene homo-polymeriza-
tion were summarized in Table 1. The
catalytic activity of the run No.1 was 5000g-
PE/g-cat. Mv of the polymers increased
from 2 million to 10 million as the feed rate
of the Tebbe reagent to the reactor incre-
ased from 0.013 mmol/h to 0.38 mmol/h.
Thus, it was found that molecular weight of
UHMWPE could be controlled by the feed
rate of the Tebbe reagent. No bulk polymer
was produced, nor was the slurry discharge
tube clogged, and consequently stable
continuous operation was achieved.

Table 1.

Ethene homo—polymerizationa) with the metallocene
catalyst.

Tebbe Reagent Mv® Densityc) Crystallinityd)
mmol/h 10* g/cm? %
0.013 210 0.930 51
0.038 440 0.928 48
0.13 920 0.927 46
0.38 1100 0.924 42

a

Conditions: Solvent =32 L/h, Cat.=0.13 mmol/h,
Production rate =10 kg-PE/h;

Mv was calculated from the intrinsic viscosity of
the polymer obtained;

Density was measured with ASTM-D1505;
Crystalinity was calculated from the heat of fusion
measured with DSC.

b)

C,
d)
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Table 2.

Co-polymerizationa) of ethene and 1-hexene with the metallocene catalst.

Tebbe Reagent 1-Hexene Mmv? Density‘) Crystallinityd) Haze®
mmol/h L/h 10* g/cm?3 % %
0.045 0.35 480 0.919 37 42
0.075 035 680 0.917 37 4
0.100 110 620 0.905 17 20
0.150 1.80 480 0.885 8 15

a

) Conditions: Solvent =32 L/h, Cat.=0.13 mmol/h, Production rate =10 kg-PE/h

® Mv was calculated from the intrinsic viscosity of the polymer obtained

<)

Density was measured with ASTM-D1505

9 Crystalinity was calculated from the heat of fusion measured with DSC

9 Haze was measured with ASTM-D1003.

The results of ethene and 1-hexene
co-polymerization were summarized in
Table 2. UHMWPE copolymer was suc-
cessfully synthesized by using the metallo-
cene catalyst in the presence of the Tebbe
reagent. The Mv values of the polymers
obtained were about 5 million. The density
and the crystallinity of the polymers decre-
ased from 0.919 g/cm® and 37% to 0.885 g/
cm® and 8%, respectively, as the feed rate
of 1-hexene increased from 0.35 L/h to
1.80 L/h. The haze of the polymers dece-
ased linearly as the density decreased.
Thus, it is suggested that the haze of the
polymers can be controlled by the feed
rate of 1-hexene, same as a usual poly-
ethene copolymer.

Ethene/1-butene copolymerization was
conducted with the Ziegler catalysts (Z-1

Table 3.
Ethene and 1-butene copolymerizationa) with the
Ziegler catalysts.

Cat. 1-butene® M9 Density? Hazd®
mol% 10* g/cm? %
Z-1 0 500 0.928 82
Z-1 2 350 0.922 69
Z 5 300 0.919 53
Z-1 10 240 0.917 46
Z-2 5 170 0.920 71
Z-2 10 120 0.920 70

3 Conditions: Solvent = 65 L/h, Production rate=6

kg-PE/h;

Molar ratio of 1-butene to sum of ethene and
1-butene;

Mv was calculated from the intrinsic viscosity of
the polymer obtained.

Density was measured with ASTM-D1505.

9 Haze was measured with ASTM-D1003.

b

o
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and Z-2) and the results were listed in
Table 3. UHMWPE copolymer was succes-
sfully synthesized by using the Z-1 catalyst.
The Mv values of the copolymers obtained
were controlled within the range of 2 million
or more. The density of the copolymers
decreased from 0.928 g/cm3 to 0.917 g/cm3,
as the molar ratio of 1-butene to sum of
ethene and 1-butene of the gas phase in the
reactor increased from 2 mol % to 10 mol%.
The production of the UHMWPE copoly-
mer was occurred efficiently in industry,
because the polymerization was carried out
at 70 °C.

Figure 1 showed the relationship
between the density and the haze of the
UHMWPE copolymers synthesized in this
study. The haze of the UHMWPE copoly-
mer produced with the metallocene catalyst
was lowest at the same density in all
copolymers. The haze of the copolymer
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Figure 1.
Relationship between the density and the haze of the
UHMWPE copolymers produced with various cata-
lysts; @: Z-1 catalyst, O: Z-2 catalyst, []: metallocene
catalyst.

www.ms-journal.de

|163



164

Macromol. Symp. 2007, 260, 161-164

produced with the Z-1 catalyst was much
better than that with the Z-2 catalyst, and
was comparable with that by the metallo-
cene catalyst.

It was very difficult to measure the
molecular weight distribution and como-
nomer content of the UHMWPE copoly-
mer, because the molecular weight of the
copolymers was too high to be solved to
almost any solvent. Thus, the polyethene
copolymers having usual molecular weight
were prepared with both the Z-1 and
the Z-2 catalyst in order to presume the
structure of the UHMWPE copolymers
from that of the copolymers.

From the NMR analysis of the copoly-
mers, comonomer content of the copolymer
produced with the Z-1 catalyst was less than
that with the Z-2 catalyst. The density of the
copolymers was almost the same. Thus,
comonomer distribution was much more
uniformly produced with the Z-1 catalyst
than that with the Z-2 catalyst. From the
GPC analysis, MWD of the copolymer
produced with the Z-1 catalyst was nar-
rower than that with the Z-2 catalyst. Thus,
it was suggested that the UHMWPE copo-
lymer produced with the Z-1 catalyst was
more uniform, that is narrower MWD and
narrower comonomer distribution, than
that with the Z-2 catalyst.

Based on the above analyses of the
copolymers, it was considered that the more
uniform both the MWD and the comono-
mer distribution of the UHMWPE copoly-
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mer were, the more uniform both the
thickness of the lamella and the size of
the spherical crystal were, because the
uniformity was not disturbed the optical
transmission through the UHMWPE copo-
lymer. Thus, the transparency of the
UHMWPE copolymer produced with the
catalyst, by which the relatively uniform
copolymer was produced, was better.

Conclusion

The UHMWPE copolymer was success-
fully produced with the metallocene cata-
lyst and the Tebbe reagent. The molecular
weight of the copolymer produced with
the metallocene catalyst was reached up to
6 million by increasing the concentration
of the Tebbe reagent. The haze of the
copolymer was remarkably improved by
decreasing the density. The UHMWPE
copolymer was efficiently produced with
the Ziegler catalyst, too. The copolymer by
the Z-1 catalyst, with which the copolymer
with better uniformity was produced, had
higher molecular weight and better trans-
parency than that by the Z-2 catalyst, with
which the copolymer with worse uniformity
was produced. The transparency of the
copolymer produced with the Z-1 catalyst
was comparable with that with the metal-
locene catalyst.
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