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Fig. 1  Effect of temperature on copolymerization of
styrene and ethylene

copolymerization conditions [ Ti] =1.0% 10™ *mol/L,
Al/Ti=200(mol/mol); TMA in MAO 15.6(mol% ),
P(G,H, ) =0.13MPa, styrene=20ml., t = 2h

Table 1 Influence of polymerization time on coploymrization of styrene and ethylene with Cp* Ti{ OBz),/MAO catalytic system

Time of Monomer feeding Cornposition of copolymenzation products
Run C.E. Weight of copolymer

polymn. ratiol §:E) Copolymer® sPsh PE®

(min) (mol/mol) (gP/gTi) (wr%) (wr%) (wi%) (g)
1 5 97:3 5 13.8 26.2 60.0 0.0388
z 10 95.5:4.5 436 771 9.8 13.1 0.3362
3 20 94 .4:5.6 807 82.1 8.8 10.1 0.6625
4 30 93.2:6.8 1105 B8.6 6.4 5.0 0.9790
5 40 92.9:7.1 1256 79.5 15.6 4.9 0.9985
6 60 92.5:7.5 1449 JO.5 2007 B.8 1.022
7 90 92.4:7.6 2350 46.6 45.3 8.1 1.095
8 120 92.4:7.6 3477 31.5 63.0 5.5 1.095

* calculated from the THF -soluble fration;* estimated from elemental analysis and BC.NMR spectra of the THF-insoluble fration
copolymerization conditions: {Til=1.0x10" ]mol/[., [Al] =0.2mol/L, A/ Ti= 200{ mol/mol }, TMA in MAQ 15.6(mol% };

P(C,H,) = 0. 13Mpa, styrene = 20mL, T = 40T
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BERE, [Ti]M MR BX AR R AAEE RIS
FR[91RIE, ff « HEMRAGOGE R G, IR
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Table 2 Effect of Al/Ti molar ratio and [ Ti] concertration on copolymerization of styrene with ethylene

Composition of copolymerization products

Run AYTi {Tilx 10* C.E. Weight of copolymer
Copolymer" sPs PE"

{ mol/mol) (mol/L) (gP/gTi) (wt%} (wt% ) (wt%) ()
9 50 10.0 375 5.30 92.25 2.45 0.0199
10 100 10.0 1205 21.8 74.88 3.32 0.2627
11 200 10.0 3477 31.5 63.0 5.5 1.095
12 300 10.0 5215 10.1 87.41 2.49 0.5267
13 400 10.0 5737 3.50 94.76 1.74 0.2008
14 500 10.0 5418 0 98.34 1.66 0
15 200 8.0 4346 23.8 73.09 311 0.8275
16 200 6.0 2500 7.90 90.6 1.50 0.1185
17 200 12.0 3338 24.6 69.2 6.20 0.9854
18 200 14.0 3329 15.7 61.42 7.18 0.7321

Determination of 2 and b is the same as Table 1; copolymerization conditions TMA in MAO 15.6 (mol% }, P{C,H,} = 0. 13Mpa, styrene =

20mL, T=40C,7r=2h

B2 Cp* Ti(OBz); W[ Ti]#k & 1.0 x107°
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By, YA ERES, L(Ti]=1.0x
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Table 3 Fractionation of PS.PE.PS/PE blends and S/E
copolymerization products

Successive extraction fraction( wt% )
Polymer C.E. ]
S wy G e ol el R
butanone(8k)  THF(Eh) Chlorolorm(8h)
1 S o150 1.5(aPS) 0.5 3.5 9.5
2 PE 1500 ? 1.1 1.5 97.4
3 PS/PEBlenss  — 1.4 0.8 24 95.4
PS/PE(90.6:9.4)
4 Copolymer Products 1477 1.7 is 3.6 £3.2
S/E(90.6:9.4)

* S/E denotes weight percent of styrene with ethylene in total
productss polymerization conditions for all samples; [ Ti] = 1.0 x
10 *mol/L, Al/Ti= 200 (mol/mol), TMA in MAO 15, 6mol%, P
{C,H,) =0.13Mpa, styrene= 20ML, T=40C, ¢=2h
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Fig.2 "C-NMR spectrum of THF soluble fraction of sample 4 in
Table 4
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Fig. 3 DSC spectrum of THF soluble fraction of
sample 4 and insoluble fraction { PS, PE) of
sample 1, sample 2 in Table 4

Table 4 Peak assignments of PC-NMR spectrum of THF soluble

fraction of sample 4

Chemical shift{ &)
Peak Carbon type Sequence _

caled.  obsd.

1 Ph—0Cl 146.32
2 Ta ESE 45.89 46.03
3 Tg 888 40.90 40.66
4 Sur + 5., SEE nz=1 + SES 36.88 37.00
5 Sad SES 34.89  35.08
6 5, +3,+Sy SFES+ SEFE ne>1 +FEE >l 29.95  20.72
7 S SEE 27.88 I7.59
8 S SES 25.27  25.27

ERHBER R, BRHAELH-ELET
Bl LA R MR [ R 2 R R
C,(PhC, ) & = 146.32, Tg (40.66), Z#& I Sy
(29.72) 4N, B HENENFEHRY AL HA
W3t JE M [ 5 % 46.03, 37.00, 35.08, 29.72,
27.59,25.27 AR FHEHE)FF Ts, Su
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MEEX CHFHIMSBETEL LR DM
Mtk BE R S/E=37.5:62.5, F— B EH
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Fig.4 WAXD curve of THF soluble fraction of sample

4 in Table 4
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Fig. 5 DMA spectrum of THF soluble

fraction of sample 4 in Table 4

B, AR N C:H=89.02:9.56(w1%), il C:H
=1.29(mol/mol), £t H(RIEELIBEMIEH
HITPFEMKARTTHE)BEEYTELSE
MZHEFHBNTHE R S/E=37.9:62.1 (mol/
mo) HER SR EFHHAYS. ZLEDE
DSC 4+ #7 ( LF 3), poly(S-co-E) L B H £ 55—
() S B 4L $: AR B B ( T, = 44.06C), Tii sPS ¥ PE
BRI BN T, 4 5% 270.41C # 112.92T,
B ZHmET B RE 37.5% (mol %), ILE
PEBREBE (T, WAXD(WHE 4) 3 #r&
B, Poly(S-co-E) L R R EHIE 4 BB, 5
DSC #5524 — 2, H i, AR Poly(S-co-E) 3
R AIERELHILEY DMA ik (H 5) B
Y RYH AR B AR EEST N, £ K 45.3C
b B — AR E R (o 0, 3RT KB
BALFEAE T,), #E— B Poly(S co E) LR Y
HIEERAEEY .
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STUDIES ON 7°-PENTAMETHYLCYCLOPENTADIENYLTRIBENZYLOXY
TITANIUM AND METHYLALUMINOXANE CATALYST FOR SYNTHESIS OF
STYRENE-ETHYLENE COPOLYMER AND ITS CHARACTERIZATION

FANG Yutang, ZHU Fangming, LIN Shangan
Clnstitute of Polymer Science, Zhangshan University, Guangzhou  510275)

Abstract The copolymerization of styrene and ethylene was carried out using a novel catalytic system of
7°-pentamethylcyclopentadienyltribenzyloxy titanuim [Cp* Ti(OBz); ] and methylaluminoxane ( MAQ).
The optimum copolymerization conditions, including copolymerization temperature ( T'), time(:¢), Al/Ti
molar ratio and Cp "~ Ti(OBz) 3 concentration({ Ti]) were investigated. The copolymerization products were
fractionated by successive solvents extraction with boiling butanone and THF. The copolymers, chiefly
existed in THF soluble fractions, were isolated and characterized by >C-NMR, DSC, WAXD and DMA
methods. They are confirmed to be an elastoplastic and amorphous random copolymer [ poly(S-co-E) ] with
a single glass transition temperature ( T,=44.06T) and a viscoelastic behavior.

Key words Cp" Ti(OBz),/MAQ  catalytic system, Styrene-Ethylene copolymer, Copolymer

characterization



