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Fig.1 Copolymerization rate measured from ethylene
consumgption initiated by 1/( Al iBu),H/3 with [Hf]
=5.4 pmol/1, [AL)/[Hf)/[3] = 50/1/0.6 under
different [0]/[E] molar ratio of 2)0, b)0.3, ¢)0.6,
d)1.0, 2.0, £)4.0 in the feed
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Fig. 2 Copolymerization rate measured from
ethylene consumption initiated by 2/MAQ with
[Zr] = 63.9pmol/L, [MAQ1/[ Zr] = 2220 under
different {01/[E] molar ratio of a)0, 8)0.3, ¢)0.
6. d)1.0, €)2.0, 1)4.0 in the feed
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Fig. 3
copolymerization rate with different catalytic systems of
a) 1/Al(sBu);H/3 and b} 2/MAO

Effect of copolymer concentration on
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Fig. 4 BCNMR spectra of ethylene/I-octene
copolymers obtained by 1/Al{ iBu),H/3 with different
comonomer ratic [01/[E] of a) 0.3, b)1.0, c}4.0 in
the feed
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Fig. §
versus l-octene concentration in the feed with
different catalytic system of a} 1/Al( iBu),H/3 and
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Incorporation of 1-octene in copolymers
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Table 1 Analysis of the chain-structure and content of ethylene/1-cctene copolymers

No. [Olmol% ©O0O EOO OE0  EOE  EEQO  EEE 0 re ro  TEXTg
in feed O0E OEE
1 23.1 3.30  7.84  88.77 3.38  71.61
2 37.5 1.91 574 937 82,98 5.7 8.52
3 50.0 1.49 2.54  9.27 13.55 73.15  10.76  8.26  0.076  0.63
4 66.7 1.53 3.92 13.24 1570 65.61  14.77  11.4  0.030  0.M
5 80.0  2.17 5.06 7.88  22.61 1B.68  43.60  29.84  10.0  0.056  0.56
6 23.1 2.61  4.46 92,93  2.61 12.7
7 37.5 2.90 578  91.32 2.9 19.5
8 50.0 0.48 494 7,72 86.86  4.94 19.6
9 66.7 0.31 3.14  14.66 15.18  66.71  14.97  11.6  0.006  0.07
10 80.0 2.96 893  22.33 18.85 46.93  25.29  10.7  0.018  0.19

No.1~No.5 are the copolymers of ethylene/1-octene catalyzed by 1/Al(*Bu);H/3; No.6~—No. 10 are the copolymers of ethylene/1-octene

catalyzed by 2/MAO
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WEAFIEME 6 FIE 7.
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T B AR 84 FREN B 4 SR .
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(iBu),H/3 X EMAEREHREN S &, £
FIR AL/ FRA 5, T 2/MAO B Yk B fn
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Fig.6 DSC curve of 1-octene/ethylene copolymers
obtained by 1/Al(iBu),H/3 with different [Q]/

[ET ratio of a)0, b}0.3, c)0.6, d31.0, €)2.0 in
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Fig.7 DSC curve of 1-octene/ethylene copolymers
obtained by 2/MAQ with different [Q]/[E] ratio
of a)0, b)0.3, c}3.6, d}1.0 in the feed

Table 2 Performance characterization of ethylene/1-octene copolymers

Ne. [Olmal% To.(T) X2A%) [9] D(g/cm®)
in feed
1 0 131.6 36.6 5.163 0.9650
2 23.1 120.8,98.8 28.4 3.014 0.9481
3 37.5 115.0,98.2 18.8 2.858 0.9236
3 50.0 109.8 4.6 1.571 0.8879
4 66.7 56.7 2.0 1.352 0.8606
5 80.0 - - 1.038 0.8400
6 0 133.5 52.3 0.534 0.9669
23.1 118.8 37.4 0.664 0.9222
8 37.5 111.8 27.3 0.68]1 0.9157
9 50.0 106.2 18.8 0.708 0.9095
10 66.7 - - 0.607 0.8825
11 80.0 - - 0.558 0.8790

No.1~No.5 are the copolymers of ethylene/1-octene catalyzed by
1/Al{iBu};H/3; No. 6 ~ No. 10 are the copolymers of ethylene/ |-
octene catalyzed by 2/MAO; Xt: crystallinity calculated by X.=
(AHy/AHp) X 100, AHy is the heat of melting of the sample;
{DSC), AHp = 269.9 1/g is the heat of melting of the complete
chain-folded PE['$]

Vi & RN, £ R EFE SR TR, 1/
Al(iBu),H/3 LR EE A — TR T HEE A H
o, R FE 2R TR, 1/A1(iBu),H/3 3tH
MEREE—TREMNE N (A 0.965 5
0.840g/cm®). & R A E % R Z4 (HDPE) .
BKEEFEIH(LDPE) R B BT E R 2K
(ULDPE)& I RE B i B B S BRI A
E S 20 B RE . 2/MAO R E B
RN EET L EEMMNERS.
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COPOLYMERIZATION OF ETHYLENE WITH 1-OCTENE
CATALYZED BY HAFNOCENE DIAMIDE

ZHOU Jiamin, SHENG Jing
( School of Materials Science & Engineering, Tianjin University, Tianjin 300072)

Abstract Copolymerization of ethylene with 1-octene is reported based on metallocene, rac-CyH,(Ind),Hf
(NMe;),(1) (Ind = q’-indenyl) and (CH;),C(Fluo) (Cp)ZrMe;(2) (Cp = #’-cyclopentadienyl, Fluo = -
fluorienyl) . The result shows that the copolymerization rate increases with the increase of comonomer molar
ratio {[O]/[E]) . Further increase of [Q]/[E] reduces copolymerization rate. The activity of 1/Al{iBu),/
[PhyCI[B(CsF5)41(3) is much higher than that of 2/MAQ. System 1/A1({Bu),/3 also shows higher
incorporation ability of 1-octene into copolymer than that of 2/MAQ. The values of the product rg X rg are
below 1 for all the resulting copolymer, which correspond to random copolymer structures with a more
alternating structure. The melting point( T,), crystallinity (X ), intrinsic viscosity ([4]) and density (D)
of the 1-octene/ethylene copolymers decreased markedly with an increase in the 1-octene content, regardless
of the type of catalytic system. High comonomer contents of the products show clearly amorphous behavior.
All the copolymers show melting within a broad temperature range, duplicate peaks or with shoulder. The
copolymers produced by 1/Al{iBu);H/3 have much higher molecular weight than that of 2/MAO, and
have a wider range of density from 0.965 to 0.84 g/cm®.

Key words Metallocene amide, Copolymerization, Ethylene, 1-Octene, Polyolefin, Reactivity



