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/ 24 h — 3
. MAO 32¢g 50 mL
10% Albemarle 342¢g 100 mL 40
L1 rac-Cy H, 3 min
indenyl ,7ZrCl, Et Ind ,ZrCl, n-BuLi 20
2.79 mol/L Aldrich min 1 h.
-1- 20 g 6- -1-
¥ 48 h 20 mL
75% . 150°C
CaH, -1- 10.5 ¢ 6- -1- 35.7%
17 6_ _1_
1.5 /®- -0-
1.2 / -1-
6
Schlenk . 250 mL Schlenk
100°C 'H-NMR " C-NMR Bruker AM 300 — 3
. 50°C 50
PE DSC-7 mL 1.5 ml. MAO - .
10 K/min
M, M, M,/M, 1 pmol Et Ind ,ZrCl,
GPC PL-GPC220  140C 1.01 x 10° Pa.
12 4- 10%
1.3 4- -1- 3 60°C
250 ml, 12 h.
— 3 )
18.8 ¢ 70 mlL 40 mL
60 mL 1h 2.1
-1- AC, 4- -1-
BC, 6- -1- HCq
3 50mLx3 . 100 1 2 3 2 3
mL -30C 15 mL 3 o -a-
50 mL 5h
1h 10 mL
180°C
15.5¢g
4- -1- 63.3%
1.4 6- -1-
250 mL
Br Mg—Br
+ Mg © N AN X

CH;,
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H, CH,Li
R Og OF
+ n-BuLi
2
CH,4 CHj,4 63.3%
Br Li
T © /\Qg/\cl \/ﬁ\©\ 3
CHy CH; 35.7%
BC, HC, 'H-NMR 1 a 1 a
b .BC, §=231s CH, 2.33-~
2.38 m CH,—CH,—CH 2.64~2.69 t Ph-CH,
4.95 ~ 506 q CH,L—CH 5.79 ~ 5.90 m
CH,—CH 7.06~7.08 d Ph .HC,
8=1.38~1.46 m CH—CH,—CH, 1.59 ~1.65 ! A M JJL
m CH,—CH,-Ph 2.04 ~ 2.10 q CH—CH, 7 6 5 4 3 2

2.31 s CH; 2.55~2.62 t Ph-CH, 4.92~5.01
q Cb=—=CH 5.75~5.85 m CH,=—CH 7.06
~7.08 d Ph .

2.2 /- -a-

w- -a-

- 1 "H-NMR spectra of 4-p-methylphenyl-1-butene a and 6-p-
methylphenyl-1-hexene b

Table 1 The conditions and results of copolymerization of ethylene with w-p-methylphenyl-a-olefins

Activity Content of
Feed Feed Time Yield T
Run  Comonomer * 10° o/ comonomer M,° M, M,*
g mol/L. min g C
mot Zr h mol %

1 —b — — 30 3.4 6.8 — 130.1 109500 3.16
2 1P 0.66 0.05 30 3.7 7.4 1.1 118.2 80700 3.75
3 1P 2.0 0.15 30 2.2 4.4 1.8 114.4 62850 3.02
4 1P 3.3 0.25 30 1.9 3.8 3.0 110.2 43940 2.73
5 2 1.0 0.14 20 3.5 10.5 7.2 104.9 37670 3.66
6 2¢ 2.0 0.27 30 3.6 7.3 11.5 69.1 35570 2.69
7 2¢ 3.0 0.41 60 4.4 4.4 13.1 56.7

8 3¢ 1.0 0.11 20 3.4 10.2 6.4 115.0 44800 3.09
9 3¢ 2.0 0.23 30 3.2 6.4 8.5 86.9 43570 3.06
10 3¢ 3.0 0.34 60 3.2 3.2 10.2 69.5

* 1 p-methylphenyl-1-propylene 2 4-p-methylphenyl-1-butene 3 6-p-methylphenyl-1-hexene b Polymerization conditions Et Ind ,ZrCl, 1 pmol Al/
Zr 2100  Polymerization temperature 50°C  Toleune 100 mL © Polymerization conditions Et Ind ,ZrCl, 1 pmol Al/Zr 2100 Polymerization
temperature 50°C Toluene 50 ml. ¢ Determined by 'H-NMR ¢ Determined by GPC
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"H-NMR and b "C-NMR spectra of copolymer of ethylene with p-methylphenyl-1-propylene

2 : b 303 344 344 303
NN\/\/\/\/\/"W‘CH3
broad 1.64
2.61 triplet
smglet2.23j\‘) L
il I I S N S
13 11 145 140 135 130 125
’ 1 N ’ Vs
Lh L
L L L L | | L L 1 1 1 1 1 1 1 1 1 1
9 8 7 6 5 4 0 180 160 140 120 100 80 60 40 20 0
)

s
' Fig. 6

"H-NMR a and b "C-NMR spectra of copolymer of ethylene with 4-p-methylphenyl-1-butene
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"H-NMR a and ®C-NMR b spectra of copolymer of ethylene with 6-p-methylphenyl-1-butene
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COPOLYMERIZATION OF ETHYLENE WITH o-p-METHYLPENYL-a-OLEFIN
USING ET IND ,ZrCl,/MAO AS A CATALYST

LI huayi' ZHANG Liaoyun” LI jinge' > HU Youliang'
U Beijing National Laboratory for Molecular Sciences BNIMS — Joint Laboratory of Polymer Science and Materials
Key Laboratory of Engineering Plastics  Institute of Chemistry — Chinese Academy of Sciences  Beijing 100080
% Graduate School of Chinese Academy of Sciences  Beijing 100039

Abstract Modification of polyethylene with polar groups and/or polar polymer side chains has been an issue for
both academic and industry fields for a long time. Many method have been presented to prepare functional
polyethylene among which the post-functional method has find its industry applications. However this method shows
many disadvantages in controlling polymer structure . The reactive monomer method is characterized by good control of
polymer chain structure. We have prepared an ethylene/p-allyltoluene copolymer by Et Ind ,ZrCl,/MAO. This
copolymer can be transferred to polyethylene graft copolymers using graft-from technique from the site of benzyl
groups. In this paper copolymerization of ethylene with three kinds of w-p-methylphenyl-a-olefins p-methylphenyl-
1-propylene  AC;  4-p-methylphenyl-1-butene  BC,  and 6-p-methylphenyl-1-hexene ~ HC;  using Eit

Ind ,ZrCl,/MAO as a catalyst was performed in order to compare the copolymerization abilities of the three reactive
comonomers . Three comonomers were synthesized by the coupling reactions between benzyl or aryl metal magnesium
or lithium and alkenyl halide. The comonomers were purified to get the polymerization grade. Ethylene/reactive
comonomer copolymerization was carried out under 1.01 x 10° Pa of ethylene with variations of the comonomer
quality in the feed. The copolymers were characterized with '"H-NMR " C-NMR GPC and DSC. With the feed of
comonomers the catalyst activity increased reached a maximum value and then decreased. Under the same
concentration of comonomers the highest catalyst activity occurred in the BC, system. The content of comonomer in
copolymers increased with the comonomer in the feed. Under the same concentration of comonomers the content of
comonomer in copolymers could be used to compare the copolymerization ability of the comonomers. The examination
results showed that the best copolymerization ability came from BC,. With the increase of the content of comonomer
in copolymers the melting point of copolymers decreases and the peak in DCS curves becomes broad. This is
because the incorporation of comonomers destroyed the crystal of polyethylene. The incorporation of comonomers in
copolymers caused a decrease in polymer molecular weight. The possible reason was that more 3-H chain transfer
reactions were induced by the comonomer. Three kinds of copolymers were characterized with 'H-and " C-NMR all
of the H and C atoms could be found in their NMR spectra. And no evidence proved that two comonomer molecules
were connected directly. The above results showed that BC, was a favorable comonomer which had the best
incorporation ability .

Keywords Polyethylene p-Methylphenyl-a-olefin  Copolymerization Metallocene Functionalization





