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Fig. 2-1  Polymerization tate as function of NBE Fig. 2-2 Polymerization rate as function of NBE

concentration
[Ti]=2.0# 10" *mol/L, MAQ =200mg, T,=30C, ¢t
= 30min

N 0.07mol/L; @ 0.15mol/L; & 0.37mol/L; ¥
1.11mol/L; 41.48mol/L

concentration

[Zr] =2.0 * 10 *mol/L, MAO = 200mg. T, = 30T . t
= 30min

® 0.15mol/L; & 0.37mol/L; ¥ 0.74mol/L; ¢
1.11mol/L
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Table 1 The effect of NBE on copalymerization of ethylene with NBE

Cnbe/Ce Catalyst" Activity Incorporation T/ Ta
{ mol/mol) (kg/molMt * h) {mol% ) {T)
0.00 I 2010 ] -
I 263 0 -
0.16 I 641 5.1 /96.5
il 845 17.1 13.9/
1.30 T 300 8.2 /30.1
| 308 30.3 86.8/
3.22 I 106 17.5 14.8/
| 102 40.7 149.8/
5.22 I 90 23.6 37.0/
I 62 44.0 157/
6.43 I 85 25.8 43 .4/
i 20 - -
9.65 I 69 33.2 69.5/
I 13 - -
12,87 I 68 36.5 81.3/125
| - — -

a:Catalyst( I YMe;SiCp, TiCly 1+ { I YMey SiCpa ZrCh s [cat] = 2.0 * 10 *mol/L; MAQO, 200mg,
b:toluene, 50ml; T, = 30T ;7= 30min. ; Pethylene=0. lmPa
¢: Metallocene preacted with 10mg MAO for I15min

2.1.2 Metallocene IREE# W Metallocene £l £k 7] ¥ BE X 725 44 F1 35k B8 Ak 5% 28 18 B &Y 3 j
WE 3. BRI ET, S E R, XTERR SR AN R TR, EERN
LR R, L BT AR B, Ti B Zr R B EE XEFER T
MZEHEFRBNEE. TSRO ETREERERAE.

2.1.3 MAOWENR HRNMAOWARLRMERSEHGIEE EXEBLEETER
BRI AR 3T Ti, AI/Ti 7E 4000 £, RO EF R XHE; T Zr WRAKAS. 314
HEWRERM, 4 A/TI KT 3000 B, ZHEME S O EWRE R BRI AT L AV Zr 29
6900 Bf, BE AR FZ M, AEEM(E 4) X BH, MAO MUEHRBAZREMER, A
SR EMREP OHER.
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Fig.3 Polymerization activity and T, as function of metallocene concertration
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Fig.4 Polymerization rate as function of Al/Zr ratio

Fig.5 Effect of NBE content on copolymer T,
[Zr]=4.0 % 10" *mol/L, [NBE] = 0. 6M, T,= 30T,

A Me,SiCp, ZrCL 3 W Me, SiCp, TiCly s Il Me, C ( Fluo)
(Cpyzcl,™

t=30min

@Al Zr=3500; & Al/Zr= 5200; W Al/Zr = 6900
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Table 2 Experimental measured and calculated chemical shifts of ethylene unit for ethylene-norbornene copolymer

Fragment Sequence pentads Chemical shift 3
cale. exp.
Sur + EEE"NE 30.6
Sa NEE*" NE 30.6 30.9
Spaa + EEE" NN 31.0
a Srar NEE* NN 3.0
Sem ENE" NN 29.5
Serurt NNE " NN 29.5 29,9
Su ENE"NE 29,1
Sap ENE'NN 29.1
S EEE"NE 28.4 28.3
B Sera EEE " NN 25.5
S, NEE' NE 28.8 28.8
S NEE" NN 28.8
r Sy NEE* EN 30.3 30.4
Sy + EEE" EN 30.3
& Sp+ EEE"EN 29.9 29.8
8" Syaat EEE" EN 29.9

a}d to TMS

LR P o CE R R TR T REOK 4 B T A 2 6 78, I TE3E A Grant-Paul 21
EHE LS AR RN PCNMR B RO E T ENE L, BT
BRI, X @ e e EEHTT
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COPOLYMERIZATION OF ETHYLENE AND NORBORNENE
WITH HOMOGENOUS
METALLOCENE/METHYLALUMINOXANE CATALYST

WANG Qi, WENG Jianhua, XU Junting, FAN Zhigiang, FENG Linxian
( Department of Polymer Science & Enginecring, Zhejiang University, Hang=hou 310027)

Abstract The norbornene/ethylene copolymerization was investigated by using
Me,SiCp,MtCl, (Mt = Zr, Ti)/MAOQO catalyst system. The copolymerization Kinetics was
studied under different conditions. The copolymer was characterized by DSC and *C-NMR
methods. It was found the zirconocene has better catalyst ability for copolymerization of
ethylene and norbornene than titanocene. Under similar feed ratio, the copolymers with high
norbornene content and glass transition temperature were synthesized compared with

literature.
Key words Maetallocene, Ethylene and norbornene, Copolymerization, Characterization



