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High Temperature Copolymerization of Ethylene and a -Olefin
Using a Ph,C(Cp)(Flu)ZrCl -based Catalyst

Akihiro YANO

Polymerization of ethylene and copolymerization of ethylene/1-hexene have been conducted at high
temperature using a Ph,C(Cp)(Flu)ZrC1, based catalyst modified with Me,PhNHIB(CF,) /i-BuAl. This
catalyst system is highly effective to produce polyethylene of high molecular weight even at elevated

temperature. The increase in feed ratio of 1-hexene does not cause the decrease of molecular weight of

resulting copolymers. This may be attributed to the controlled 3 -hydrogen transfer from the propagating

chain containing the primary inserted o -olefin unit. The presence of inner trisubstituted olefinic bonds is

confirmed. Supposedly, these bonds arise from the dehydrogenation of the intermediate species that is formed

through the [ -hydrogen transfer from the propagating chain followed by insertion of ethylene. This type of

reaction would probably play an important role in the production of high molecular weight ethylene/a -olefin

copolymers at high temperatured
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Tabled O Results of ethylene/1-hexene copolymerization using Ph.C(Cp)(Flu)ZrCl.

modified with Me:PhNHIB(CsFs)./i-BusAl
Run No Tp® 1-Hexene Activity Mw Mw/Mn Methyl
(oo (ml) (kg/mmoliZr) (% 10%) (No/1000C)
525 170 oo 134 8.3 1.9 -
398 170 20 148 6.6 2.0 33
1347 170 80 72 6.8 18 12.7
YC-308 170 120 50 4.8 1.9 28.1

Polymerization conditions.

ethylene pressure, 20 bar; solvent, Cs-Cis hydrocarbon, 600 ml;

polymerization time, 20 min;

catalyst, Ph.C(Cp)(Flu)ZrCl./Me:PhNHIB(CsFs):/i-Bu:Al=0.25/0.5/62.5(1 mol).

1)Polymerization temperature.

Tabled O Effect of 1-hexene content on the end group structure of ethylene/1-hexene

copolymers
Run No Tp®  1-Hexene trans-Vinylene Vinyl Vinylidene  Trisubstituted
((apn! (ml) (No/1000C)  (No/1000C) (No/1000C)  (No/1000C)
525 170 oo 0.15 0.12 0.01 -
398 170 20 0.29 0.11 0.01 0.20
1347 170 80 0.28 0.09 0.07 0.40
YC-308 170 120 0.43 0.18 0.11 0.97

Polymerization conditions.

ethylene pressure, 20 bar; solvent, C.-Cis hydrocarbon, 600 ml;

polymerization time, 20 min;

catalyst, Ph.C(Cp)(Flu)ZrCl./Me:PhNHIB(CsFs)./i-Bus:Al=0.25/0.5/62.5(u mol).

1)Polymerization temperature.
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Schemel O Plausible Chain Transfer Reactions
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Tabled O Number of alkenyl groups per polymer molecule

Run No Metallocene Tp® 1-Hexene Mn by GPC Alkenyl number
(oo O mlO (x 10%) (No/molecule)
525 Ph.C(Cp)(Flu)zrCl. 170 oo 4.4 0.9
398 Ph.C(Cp)(Flu)zrCl. 170 20 33 14
1347 Ph.C(Cp)(Flu)zrCl. 170 80 3.8 23
YC-308 Ph.C(Cp)(Flu)zrCl. 170 120 25 3.0

1)Polymerization temperature.
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Fig.0 0 “*C-NMR spectrum of an ethylene/1-hexene copolymer
obtained using a Ph.C(Cp)(Flu)ZrCl.-based catalyst.
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Fig.O O DEPT spectrum of an ethylene/1-hexene copolymer
obtained using a Ph.C(Cp)(Flu)ZrCl-based catalyst.
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Tablel O Effect of 1-hexene feed ratio on the generating of hydrogen

Run No 1-Hexene Activity H: in gas phase
(ml) (kg/mmol Zr) (ppm)
S-1 20 5700
S-2 80 8700

Catalyst, Ph.C(Cp)(Flu)ZrCl./Me:PhNHIB(C:Fs)+/i-Bu:Al;
polymerization temperature, 1700 ; polymerization time, 10 min;
solvent, Ce-Cis hydrocarbon, ethylene pressure, 20 bar.

SchemeO 0 Generation of molecular hydrogen via allylic C-H bond activation
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SchemeO O Plausible mechanism for the formation of inner double bonds via allylic C-H bond activation
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