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ABSTRACT: For copolymerization of ethylene and norbornene initiated by various met-
allocene catalysts such as rac-Et(Ind),ZrCl,, rac-Me,Si(Ind),ZrCl,, rac-Me,Si(Cp),ZrCl, and
(n-BuCp),ZrCl; with modified methylaluminoxane(MMAO) cocatalyst, the a-olefins such as
1-hexene(H), I-octene and 1-decene were added as a 3rd monomer. In this situation, the ef-
fects of the polymerization condition, the catalyst structure as well as the structure and the
amount of added e-olefin on the catalyst activity as well as the properties and structure of
polymer were examined. As results, it was found that the catalyst activity and thermal prop-
erty of polymer depended on not only catalyst structure but also a-olefin structure. For rac-
Et(Ind),ZrCl, /MMAO catalyst system, it was possible to get high activity and controllable T,
of polymer. Among a-olefins, H as a 3rd monomer exhibited the maximum enhancement in
catalyst activity.
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Table 1. Effect of Polymerization Condition on
E/N Copolymerization Initiated by ansa-Metal-
locene Catalysts and MMAO Cocatalyst with
Addition of 1-Hexene

LAL/ 7 (0) activity? T4C) To(T)

catalyst (2]
1000 40 1056 60.1 1183
rac-Et(Ind),ZrCl, 3000 40 2808 522 1252
5000 40 3102 121 1287
3000 10 40 607 nd
rac-Me,Si(Ind),ZrCl, 3000 40 360 916 nd.
3000 70 780 344 nd

Polymerization conditions : [ Zr]=3.5x 10"8mol/L., {NJ/[E]=
25 [H}/(E}=04, 1atm, 1 h.

“ Polymerization temperature. ° Activity : Kg polymer/{mol-
Zr-h-atm). © Not detected.
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Figure 1. Effects of 1-hexene feed mole ratio on (a)
catalyst activity and (b) T, of polymer for E/N
copolymerization initiated by various metallocene cata-
lysts with addition of 1-hexene as a 3rd monomer.
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Table 2. E/N Copolymerization Initiated by Vari-
ous Metallocenes and MMAQO Cocatalyst with
Addition of 1-Hexene

catalyst feed mole ratio ) polymer composition
v (EVHVIN] ™ [EVTH/IN](moi%)*
10/00/25 1252 780/00/220
10/02/25 1198
racBIndbZiCl  onams 171 768/28/204
B L0/08/25 151 TS4TS
10/00/25 nd?  868/00/132
. 10/02/25 nd  736/32/232
racMesSndiZiCly |0 uins  nd 684/67/249
,,,,,,,,,,,,,,,,,,, 100825 nd
10/00/25 nd  470/00/530
. 10/02/25 nd  576/L7/407
rac-MesSICORZCl 10 nans  nd 565/49/386
o L0825 nd_ 545/69/386
10/00/25 1302 840/00/160
10/02/25 586  832/06/162
(n-BuCplyZeCl 10/04/25 557  834/13/153
10/08/25 541  818/26/156

Polymerization conditions : [ Zr]=3.5x 10"%mol/L, [All/[Zr]=
3000, [N]/[E}=25,407C, L h.
¢ Characterized by '3C-NMR. ® n.d.=Not detected.
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Figure 2. Effect of a-olefin structure on (a) catalyst
activity and (b) 7, and T, of polymer for E/ N
copolymerization initiated by rac-Et(Ind),ZrCl, and
MMAO cocatalyst with addition of various e-olefins as
3rd monomer.
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Table 3. E/N Copolymerization Initiated by ansa-
Metallocene Catalysts and MMAO Cocatalyst with
Addition of a-Olefin

feed mole ratio polymer composition

atlyst - eolefin Ny [EYal/ N mol%)

rac-Ex(Ind),ZrCl, none  1.0/0.0/25 78.0/0.0/22.0
1-hexene 1.0/04/25 76.8/2.8/20.4

1.0/0.8/25 71.1/5.4/175

l-octene  1.0/0.4/2.5 79.6/2.7/17.7

I-decene 1.0/04/25 80.1/3.6/16.3

rac-Me,Si{Ind),ZrCl, none  1.0/0.0/25 86.8/0.0/132
I-hexene 1.0/0.2/25 736/32/232

1.0/0.4/25 68.4/6.7/24.9

l-octene  1.0/0.4/25 77.3/2.2/205

I-decene 1.0/0.4/25 79.0/1.6/194

Polymerization conditions: (Zr]=35%10"%mol, [All/[Zr]=
3000, [N]/[E]=25,40C, 1h
4 Characterized by '3C-NMR.
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Figure 3. Effect of e-olefin structure on (a) catalyst
activity and (b) T, and T, of polymer for E/N
copolymerization initiated by rac-Me,Si(Ind),ZrCl, and
MMAOQ cocatalyst with addition of various e-olefins as
3 rd monomer.
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Figure 4. '3C-NMR spectrum of polymer obtained for
E/N copolymerization initiated by rac-Et(Ind),ZrCl,
and MMAOQO cocatalyst with addition of 1-hexene as
3rd monomer ((H1l/[E]=0.4).
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Figure 5. Effect of (a) N content and (b) a-olefin
content on T, of polymer obtained for E/N
copolymerization initiated by various metallocene cata-
lysts and MMAO cocatalyst with addition of various a-
olefins as 3rd monomer.
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