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Fig. 9 Feed of ethylene and propylene on activity and
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Table 1 The results of copolymerizations®

Entry Cat. Time ( min) E/P feed Activity (kg/mmol h) Incor. (mol% ) M, x10 -3 M, /M, T,(C)
1 2a 5 5.5 8.28 12.0 18.6 2.3 72.0
2 2a 20 5.5 5.07 13.6 33.5 2.7 69.0
3 2a 30 5.5 3.96 14. 8 35.0 2.8 62.6
4 2a 5 3.6 6. 00 20.3 12.8 2.0 0
5 2a 5 6:4 11.2 9.20 20.9 2.0 80.7
6 2a 5 7.3 14.8 6.20 28.7 1.9 95.8
7 2h 5 7:3 12.6 7.40 31.7 2.0 93.5
8 2c 5 7:3 13.9 6. 60 28.6 2.0 96. 8

*Conditions: 1 wmol cat. , Al/V (molar ratio) =3000, ETA/V =500, 0.1 MPa, 5 min, 35 C
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Table 2 '>C-NMR signals of ethylene-propylene copolymers
Peak Chemical shift (8) Integration limits (8) Carbon Type Area
1 47.0 ~45.8 48.5 ~43.5 S v A
2 38.9 39.8 ~36.1 r-S,, B
3 38.6 S
4 38.1 (m + other) -Se,
5 37.17 (m + other)-S g
6 35.9 36.1~34.3 r-S.g C
7 35.1 (m + other)-S,,
8 34.0 34.3 ~32.4 T, D
9 33.8 T,s
10 33.5 Tss
11 31.6 32.4~29.1 T, E
12 31.3 Tgs
13 30.9 S,,
14 30.5 S,s
15 30. 1 Sss
16 29.0 29.1~28. 1 Ths F
17 28.0 28.1~25.8 S5, G
18 27.6 Sgs
19 25.1 25.8 ~23.8 Spe H
20 20.8 22.5~18.0 PBB(mr) +PB7(m) +Pﬁ5(m) 1
21 20. 1 Pog(1r) + Py (1) +Pys(1) +P
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The structure of reverted insertion of propylene and its feature signals
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VLI A TN S I 1) 47 AR FR B0 205 4 . 2 3 v 7
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22 AP 2 )RR T A SO 5 6 it TR
W 1) 2 1 478 AR TE [ 47 A TG 3 T 3 A R 4

TATHRFE T R HG, 735 Ao 700 0 B DL R B &
T 5 A8 R A% A X SR B W Ty A A A B s e O
Y B 91 3 A B 45 B9 7R 4% 3 .

F3IWE 1 ~5 17 s B & 2SI
FBEIN 2, , 2, BT ay B9 BE R 0 B8, T x B EE
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Table 3 The calculation results of sequential structures in chains of ethylene-propylene coploymers®
E/P Temperature Time Fp
Entry Catalyst ETA/V x X, X3 Xy x5 Xg ngy n,,
(feed) (C) (min) (mol% )

1 2a 7:3 500 35 5 6.2 0 0.01 0.04 0.41 0.08 0.47 4.96 4.96

2 2a 6:4 500 35 5 9.3 0.02 0.02 0.05 0.44 0.07 0.41 4.74 4.81

3 2a 4:5 500 35 5 15.9 0.03 0.03 0.06 0.43 0.08 0.37 4.60 4.72

4 2a 3:6 500 35 5 20.3 0.06 0.04 0.08 0.42 0.08 0.32 4.37 4.58

5 2a 5:5 500 35 5 13.6 0.03 0.02 0.05 0.43 0.08 0.39 4.68 4.79

6 2a 5:5 500 35 20 10.7 0.01 0.02 0.04 0.43 0.09 0.41 4.80 4.84

7 2a 5:5 150 35 5 11.3 0.01 0.03 0.03 0.42 0.07 0.43 4.80 4.86

8 2a 5:5 500 0 5 8.5 0 0.02 0.06 0.46 0.04 0.42 4.79 4.79

9 2a 5:5 500 25 5 10. 6 0 0.03 0.05 0.44 0.07 0.41 4.78 4.78

10 2a 5:5 500 50 5 11.3 0 0.03 0.02 0.46 0.11 0.39 4.81 4.81

11 2b 7:3 500 35 5 7.4 0 0.02 0.06 0.44 0.08 0.41 4.80 4.80

12 2¢ 7:3 500 35 5 6.6 0 0.02 0.02 0.45 0.08 0.42 4.87 4.87

Conditions: 1 pmol cat. , 35 C, Al/V (molar ratio) =3000, ETA/V (molar ratio) =500, 0. 1 MPa, 5 min
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Fig. 14  The calculation of reactivity ratio by Fineman-

Ross method
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MEASUREMENTS AND CONTROL OF THE MICROSTRUCTURE OF
ETHYLENE-PROPYLENE COPOLYMERS

Jing-shan Mu', Yue-sheng Li’
(" Faculty of Materials Science and Chemical Engineering , Ningbo University, Ningbo 315211)
(* State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry
Chinese Academy of Sciences, Changchun 130022)

Abstract The copolymerizations of ethylene with propylene were investigated by the vanadium (Il ) catalysts
bearing bidentate [ N,0] ligands (2a,[ PhN = C(CH,)CHC(Ph)O]VCl, (THF),;2b,[ PhN = CHC,H,0 ]
VCL (THF),; 2¢, [ PhN = CHC (Ph) CHO ] VCI, ( THF ), ). Ethylene-propylene copolymers with different
comonomer incorporations (P =0 mol% ~ 20 mol% ) and narrow molecular weight distributions (M /M, <
3.0) were obtained. The molecular weights and molecular weight distribution of copolymers were determined
by gel permeation chromatograhpy ( GPC). The incorporation of comonomer and microstructure of copolymers
were confirmed by "> C-NMR methods. On activation with cocatalyst ( Et,AlCl) and reactive agent (ETA) ,
catalytic activity ,comonomer incorporation ,and molecular weights of the resultant polymers can be controlled
over a wide range by tuning reaction parameters, such as concentration of Et,AlCl, dosage of ETA,
temperature , feed composition and so on. Furthermore, the microstructures of polymer chains can also be
adjusted by changing reaction parameters above, which were confirmed by calculating the monomer sequence
distribution ( x, ) and continuous methylene sequence length (n, and n,, ). The reactivity ratios of
copolymerization (r,r, = 1.0) were evaluated by the Fineman-Ross method, indicating the insertion of
comonomers will not be influnced by the kinds of the last inserted monomers ,and ideal random copolymer can
be obtained by catalysts 2a ~2¢,which can also be proved by " C-NMR and calculation of x,,n, and n,, .

Keywords Copolymerization, Sequence distribution, Reactivity ratio, Random copolymer



