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Fig. 1 FT-IR spectra of the catalysts and 2, 6-diisopropylphenol
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Table 1 Results of ethylene-1-hexene copolymerization activated by TIBA®

[ 1-Hexene ], Yield Activity C7-insol” M,
Catalyst

Cmol/L) (g polymer/(g cat*h)) (kg polymer/(gTi*h)) (wt%) x 10~*

0 28 1.17 100 10.7

0.1 106 4.48 73.4 4.3

0.2 128 5.42 56.4 2.0

O-cat 0.3 117 4.96 4.1 2.0

0.4 158 6.71 42.7 -

0.5 145 6.15 33.4 —

0 39 2.69 100 3.4

0.1 100 6.93 74.2 2.5

Mecat 0.2 132 9.14 9.9 2.6
0.3 122 8.46 53.9 2.2

0.4 107 7.38 47.1 -

0.5 108 7.49 39.1 —

@ Polymerization conditions: [Ti] = 4x 107* mol/L: Cocatalyst: TIBA; Al/Ti = 100; Temperature = 60°C: Time = 0.5 h: " Weight percent of boiling

n-heptane insoluble fraction
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Table 2 Results of ethylene-1-hexene copolymerization activated by MAO*

[l—Hexenel, Activity Activity (7-insol” M,
Catalyst
Cmol/L) (g polymer/(g cat*h)) (kg polymer/Cg Ti*h)) (wt%) x10~*
0 15 0.65 100 4.1
0.1 40 1.71 55.6 0.6
O-cat 0.2 46 1.94 42.3 0.4
0.3 94 3.98 40.4 0.5
0.4 101 4.27 34.9 —
0.5 104 4.4 27.2 —
0 49 3.39 100 2.8
0.1 71 4.94 75.2 1.6
M-cat 0.2 69 4.77 56.7 1.0
0.3 99 6.89 47.8 1.0
0.4 98 6.79 42.9 -
0.5 90 6.24 30.1 —

@ Polymerization conditions: [Ti] = 4 x 10™* mol/L: Cocatalyst: MAO; Al/Ti = 500: Temperature = 60°C: Time = 0.5 h: " Weight percent of boiling

n-heptane insoluble fraction

Table 3  Chain structure of the fractions of ethylene-1-hexene copolymer

Catalyst O-cat M-cat O-cat M-cat
Cocatalyst TIBA TIBA MAO MAO
Fractions® Sol Insol Sol Insol Sol Insol Sol Insol
H content” 36.3 2.0 23.3 2.2 26.8 1.1 14.9 4.0

EHE® 11.2 2.0 11.6 2.2 9.5 1.1 10.5 4.0

EHH® 11.4 0 7.7 0 8.4 0 4.3 0

HHH® 14.6 0 4.1 0 9.6 0.3 0

HEH® 6.3 0 5.4 0 4.5 0 3.6 0

EEH® 16.0 3.9 19.3 4.6 13.1 1.7 16.0 6.9

EEE® 40.5 9.2 51.9 93.3 54.9 97.2 65.4 89.1

EE* 47.2 96.0 61.3 95.6 60.0 97.9 72.6 92.0
EH® 33.0 4.0 30.8 4.4 26.7 2.1 25.0 8.0
HH¢ 19.8 0 7.9 0 13.5 0 2.4 0
n,d 4.4 50.3 5.1 42.6 6.7 116.4 7.3 27.8
! 2.2 1.0 1.5 1.0 2.0 1.0 1.2 1.0
Total H content® 13.2 7.2 13.3 8.2
Hg/H," 18.2 10.6 24.4 3.7

asé

sol” means soluble fraction in boiling n-heptane, and “insol ” means insoluble fraction in boiling n-heptane: " 1-Hexene content of the fractions in

mol%; © Mole percentage of the triad and diad sequences; ¢ Average length of ethylene sequences (n,) and hexene sequences (ny)s © 1-Hexene content

of the whole copolymer sample in mol% : ' 1-Hexene content of the soluble fraction over that of the insoluble fraction
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- 2 Molecular weight distribution curves and their resolution into Flory components
a) Polyethylene synthesized by O-cat; b) Ethylene-1-hexene copolymer synthesized by O-cat: ¢) Polyethylene synthesized by M-cat; d Ethylene-1-

hexene copolymer synthesized by M-cat
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Table 4 Molecular weight and polydispersity index of the polymers

[ 1-Hexene], M,
Catalyst Cocatalyst M,IM,
Cmol/L) x10~4
0 75.7 7.1
TIBA
O-cat 0.2 21.8 11.0
MAO 0 47.0 11.4
0.2 7.9 18.0
TIBA 0 40.9 11.9
M-cat 0.2 26.9 10.4
MAO 0 32.4 11.6
0.2 14.8 15.0
3.0
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- 3 Activity of different active centers based on the resolution of
molecular weight distribution curve into Flory components
E represnts polyethylene, and E + H represnts ethylene-1-hexene

copolymer; TIBA was used as cocatalyst.

CL MAO A S AT FH oy e e e 3 5o 28
EWor RIS TIBA 3540 AR R sk
4 o, JR AR A A I 2R 20 4 7 e 1 ek
ROHHILR S FEMCT /G4 . 5 TIBA FEL 14
FRAALL, MAO VEAAR R I 7= 1 oy T 3K T AR Y.
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l 4 Activity of different active centers based on the resolution of
molecular weight distribution curve into Flory components
E represnts polyethylene, and E + H represnts ethylene-1-hexene

copolymer; MAO was used as cocatalyst.
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ETHYLENE-1-HEXENE COPOLYMERIZATION WITH A
2, 6-DIHSOPROPYLPHENOL MODIFIED SUPPORTED ZIEGLER-NATTA CATALYST

LOU Jungin, LIU Xiaoyan, FU Zhisheng, WANG Qi, XU Junting, FAN Zhiqiang
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization »
Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract This work attempts to prepare ethylene-a-olefin copolymer with relatively narrow composition distribution

by modification of TiCl,/MgCl, type supported Ziegler-Natta catalyst. A TiCl,/ID/MgCl, type catalyst, where ID is a
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diester, was treated at room temperature with 2, 6-'Pr,CsH;-OH at phenol : Ti molar ratio of 1: 1, and the modified
catalyst was analyzed for contents of titanium and aryloxy group. It was found that about one third of the titanium
atoms in the modified catalyst ( M-cat) was connected with an aryloxy group, but its Ti content was decreased to
1.44 wt% from 2.36 wt% of the original catalyst (O-cat) . Ethylene-1-hexene copolymerization was conducted in n-
heptane with M-cat or O-cat as catalyst and triisobutyl aluminium or methylaluminoxane as cocatalyst. The M-cat
showed similar activity as the O-cat in catalyzing the copolymerization; but presented a weaker comonomer activation
effect than the latter. The 1-hexene content of copolymer synthesized by M-cat was lower than that of the product of
O-cat at the same conditions,> but had a markedly narrower composition distribution. Each copolymer sample was
fractionated into two fractions by extraction with boiling n-heptane, and the soluble part contains much more 1-
hexene units than the insoluble part. The ratio of 1-hexene content in the soluble fraction to that of the insoluble
fraction was higher than 18 in copolymer prepared with O-cat, but this ratio was reduced to 3.7 when M-cat was used
as the catalyst. On the other hand, the soluble part of copolymer prepared with M-cat showed a more random
sequence distribution than that of the O-cat. The distributions of active centers in both the M-cat and O-cat were
studied by deconvolution of the polymer’ s molecular weight distribution curves with multiple Flory most-probable
distribution function. Both catalysts showed a broad molecular weight distribution that can be ascribed to 5 ~ 6 types
of active centers, but the introduction of aryloxy group in the catalyst caused marked changes in the active center
distribution .. Possible mechanism of the catalyst modification was proposed.
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