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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), 1-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 e-olefin structure. For rac-
Et(Ind),ZrCt, /MMAO catalyst system, it was possible to get high activity and controllable T,
of polymer. Among e-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 MMAOQO Cocatalyst with
Addition of 1-Hexene

catalyst LALY/ T, ()" activity’ TLC) T,(C)

[Zr]
1000 40 1056 601 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" mol/L, [N]/[E]=
25, [HI/(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 MMAO Cocatalyst with
Addition of 1-Hexene

feed mole ratio polymer composition
catalyst ()

[EY/[HY/IN] [EV/TH]/[NXmol%)*
10/00/25 1252 780/0.0/220

10/02/25 1198
rac-Et(Ind),ZeCly 10/04/25 1171 768/28/204
o L0/0g/25 1151 7545
10/00/25  nd?  868/00/132
. 10/02/25 od  736/32/232
racMeSUndZCl 100105 nd 684/67/249
,,,,,,,,,,,,,,,,,,,, 100825 nd
10/00/25 nd  470/00/530
. 10/02/25 nd  576/17/407
racMeSIColZC: ) 00005 nd 565/49/386
o L0825 nd_ S45/69/386
10/00/25 1302 840/00/160
10/02/25 586  832/06/162
(n-BuCp),ZtCly 10/04/25 557  834/13/153
10/08/25 541  818/26/156

Polymerization conditions : [Zr}=3.5% 10" mol/L, [Al1/[Zr]=
3000, [N1/[E]=25,40 C, 1 h.
¢ Characterized by 1*C-NMR. ? n.d.=Not detected.

A& JepiTh

A4 F8A T, ¥3lE Figure 1(b)d] Yehy
A, A T, £ 24 S F3le] Table 29 F
Art.

Figure 1(b)dlA] & # UA=%°], rac-Et(Ind),
ZrCl, Zu| & AME-3F 9o He] Hrjeko] o184
5 Alzd A9 T T, T €8 43L& 7
e S JEhEITE oledt HAule Table 29
F8A —’é"é l Z1&rta AA4EY. & N 35
o] U4 °ﬂ*‘] Hel H7iegol "6‘7}12}01] uhe}
Nej @ 7“\3}9&0"4 w2}
A N @3 7 ] et 423t9a H &3
of ZoMgto g T & %i'} J,} F dEbgTh

FEAe 249 71 2L vAHE AAE FF7
B DdBA Aol YA Gzt 7 AujAHd
Aoz, A tie etz fAAd ZIlEe
d 2|7iee] AEeEH 1-¥Ad) s FF 84
#9019 gAH Aol v BPsiA oz A
71 vl$ 2 Noj Z9bl= B2l 248 Aot

rac-Me,Si(Ind),ZrCl, Fwjg A& T T,

mﬂ. r1r F

::m.,rzm

3%
o

471



= a3l H 9717 3 v Hef H7hadel 2
}%OH met th) gashs 4Ee B, DSC ¥
4 eel A T, BEu7 el [H)/[E]=

N

0204 4RE FAAS N ] BN FEA
Aol) i) 10 wi% 713 Z7Heksl &g Table 2004
SR18 k. & B/N 23840 439 HE 3

Agtezd FANS N g% M2 F 9
oot Wl FUAel Tk A Shetst. 3

v, Hel d7ig s Ax o4 o FriA7iciet
= N gete] = uq;;}_é. B2 S gigiony, o35H

s He) gete] =
T, 2 e aisih.

F7H wet S

rac-Me,Si(Cp),Z2rCl, vl 2 A 2" S5 T,
= A HoR o]x FulE "}%?:i AR A0 &
g, olAL @A) =& N I 7I0Es
Table 204 @9rrt. 01315{} 7;37/}‘—5 F8A N &
gro] FAlFEo] Ar|y dgHTie T BHE F
o) A g3 o8 of IA e P dSs

vehd Aol

(n-BuCp),ZrCl, Fuje] A9-dl= Hel Hriegol
Z7hel wet Tt 248e Bioew T,= ZA
ol At} Table 204 B 4 %], AU E
glaro] o}ir &4EiL, Hel Hrigke] Z71g deo] N
o] AL 16wt%s Bezw ZA WA ¥fet H
grapo] Z7tslA Hol, 2E R E3 HHo] wo}
27 =2t

a-Olefin £5. mc—Et(Ind)zZrCIZ% A8 E/N
g H, 0 2 D 53 2& eolefing A3GF
Az Hored A Oﬂ -galmle] et bk w
g v 243 44 S T, € 7,9 #H3=
FAlste] 1 A5 Figure 29 Jepigled, F3t
Ae] 2% Gtaled Table 39 Foth

Figure 22| (a)olA] & 4 %ol Ful BEL
2@ R #H7lefo] Z7igel wEl Frlslded,
1 BYE e-gWe) TR wet 2xith & FY
3 -2 B ol Fuf 84& H>0>

wo® sty

Figure 2] (b)& ®H, o-&dWe] H7lggo] &
74l wiel A SR T8 FEREA i
o} o]eF T,9) g4 BAHE I/ e-2dd 72
of wte}l EEtA, e-gdde) xeE dr)e] Hojrt

472

4000
=
N 3000 0
© .
=
=
£
> 20004
)
a
g -~ 1-Hexene
-~ —&— 1-Octene
2 10004 —v— 1-Decene
2
I3}
<
0 T T T
0.0 0.5 1.0 1.5 2.0
a -Olefin feed mole ratio ([a -olefin]/[E})
(a)
150
5 ﬁw
- —
~ 100+
~O— —#— 1-Hexene
—D— —l— 1-Octene
1-Decene
50
j&]
'\O
a Olefln feed mole ratio ( ~olefm]/[E])

(b)

Figure 2. Effect of e-olefin structure on (a) catalyst
activity and (b) T, 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

catlyst - olefin g g IN) ()Ll [N](mol%)

rac-Et(Ind),Z:Cl, none  1.0/0.0/25 78.0/0.0/22.0
I-hexene 1.0/04/25 76.8/2.8/20.4

10/08/25  77.1/54/175

l-octene  1.0/0.4/25 796/2.7/11.7

I-decene  1.0/04/25 80.1/36/16.3
rac-Me,Silnd),ZtCl, nome  1.0/0.0/25  86.8/0.0/132
I-hexene 10/02/25  736/32/232

10/04/25  68.4/6.7/249

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

1-decene  1.0/0.4/25 79.0/1.6/19.4

Polymerization conditions: [Zr]=35%10"%mol, [Al1l/[Zr]=
3000, [N1J/[E]=25,40C, 1 h.
¢ Characterized by '3C-NMR.
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Figure 3. Effect of e-olefin structure on (a) catalyst
activity and (b) 7, and T, of polymer for E/N
copolymerization initiated by rac-Me,Si(Ind),ZrCl, and
MMAO cocatalyst with addition of various a-olefins as
3 rd monomer.

o JeRH AT

Figure 494 Ne¢| -CH-¢l C,, C,o #o|mE
247} 47~49 ppm, 41 ppmol|A, Ne| -CH,-¢l C,
2} He] -CH,-, E¢] -CH,- njo]=& 30 ppm, N¢
-CH,-¢1 C,o] #lo]l2E 33ppmollA, Hel @ 8 7
©ae] Hoja g 23, 27, 34 ppm, CH;-9) vo)ag

473



50 45 4D 35 30 25 20 15 10
ppm

Figure 4. '3C-NMR spectrum of polymer obtained for
E/N copolymerization initiated by rec-Et(Ind),ZrCl,
and MMAO cocatalyst with addition of I-hexene as
3rd monomer ((H1/[E]=0.4).
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Figure 5. Effect of (a) N content and (b) e-olefin
content on 7, 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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