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St
1% ~ 2% NaOH
2.2 Al
1.3 Al
25°C 7 =1.7x107°M5" Al Al/Nd
M, Waters 1
515-2410 GPC -
<= 400
M, T
g
MWD M, /M, £ 300
)
1.0 mL/min 25C S 200F
3]
Perkin s
=} 100}
Elmer Pyris 1 E
s 0
X-4 © 3 10 15 20
Al/Nd (molar ratio)
Leitz SM-LUX-POL Fig. 1 Effect of Al/Nd molar ratio on catalytic activity
Conditions #,=20h St =6.0mol/L ¢, =23 h Others are
shown in Table 1.
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Table 1  Effect of solvent on styrene polymerization
Catalytic activity ¢
Run no T, C Solvent M, d
gmol 'h~!
Al-1 40 Ce-Cs 37 1900 e
Al-2 CHX 46 11600 ! L ! : :
Lo 18 20 22 24 26
A2l 50 Co-Cs % 3100 Elution time (min)
A2-2 CHX 40 10316
A3-1 70 Co-Cg 178 4400 Fig. 2 GPC curves of polystyrene obtained at various Al/
A3-2 CHX 126 9100 Nd molar ratios

Conditions BCL/Nd=20 Al/Nd=17 T,=50C ¢,=2.5h St =1.5
mol/L. Nd/St=1.5x 1073 ty =72.5 h Cs-Cg = staight chain paraffin

with 6 to 8 cartbon CHX = cyclohexane

a A/RE=8 b AV/RE=10 ¢ AVRE=12 d Al
RE=16 E AlV/RE=18
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2 Al/Nd BCL/Nd 5~25
GPC 4.6x10 ~6.4x
Al/Nd 8 10° BCL/Nd
10 M, 63x =40 GPC
10° 7.6 x 10° M, 6.9 x 2.7 %
10° 9.2x10° Ay 10 BCL
Nd 10 12 GPC
BCL/Nd <
M, 7.6x10 2.8x10° 25 BCL/Nd
M, 9.2x10’ 1.8x10°. Al 30
GPC
Al/Nd = 18
9.2x 10° k
a
Al
2.3 BCL
BCL b
BCL/Nd 3
BCL c
. BCL
BCL d
_/\_\ )
T 2000 18 20 22 24 26 28
Lo o Elution time (min)
5150t
z o Fig. 4  GPC curves of polystyrene obtained at various
% 100+ BCL/Nd molar ratios
~§ a BCL/RE=5 b BCL/RE=15 ¢ BCL/RE=20 d
g >0 BCL/RE=25 e BCL/RE=40
8 0 1 1 1 1 1
0 10 20 30 40 50
BCL/Nd (molar ratio)
Fig. 3 Effect of BCL/Nd molar ratio on the catalytic BCL
activity 2.4
Conditions Al/Nd= 11 Nd/St=0.6x 1073 t, =48 h
Others are shown in Fig. 1.
BCL 40°C 50C
4 . BCI/Nd 60°C  70°C 6h 69 h
<25 GPC 100 g PS/
BCL

mol Nd h 5.
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00 1-0 2-0 3!0 4I0 5I0 6IO 7I0 Fig. 6  Effect of Nd/St molar ratio on catalytic activity and
1, (h) molecular weight of polystyrene
a
Conditions AlI/Nd=11 St =6 mol/LL ¢, =51.5 h Others
Fig. 5  Effect of ageing temperature and aging time on are shown in Table 1.

catalytic activity
Conditions St =3 mol/L ¢, =49 h Others are shown in 2.6
Table 1.

Table 2  Effect of ageing temperature on the molecular weight and its

distribution of polystyrene

Run no t, h T, C M, M, MWD
BI-1 8 50 31600 30100  1.93 _ 2s0f
B1-2 70 7100 6500 1.92 T o o T,=70°C
B2-1 45 50 16200 12000 2.07 L 200F aT,=60"C
B2-2 70 4700 2500 2.30 E 0T, =50"C
2 150r xT,=40°C
g N
Z 100}
Table 3  Effect of ageing time on the molecular weight of polystyrene and g
its distribution i'i 50F M
=
Runno T, C ty h M, M, MWD S o , ) . , ,
Cl-1 6 148400 139500  2.85 10 0o (h)?o % 10
C1-2 50 18 31600 30100 1.93 P
CI1-3 45 16200 12000 2.07
) Fig. 7 Effect of polymerization temperature and
C2-1 6 18300 17200 2.09
@2 70 18 7100 6500 19 polymerization time on catalytic activity
@3 45 4700 2500 2.30 Conditions St = 6 mol/L. Nd/St = 0.6 x 1072 Others are
shown in Table 1.
2.5
In M ,/
6 Nd/St 5% 107" 1.5 % M by 8
107¢ In M,/ M t,
351 g PS/ mol Nd
h 121 g PS/ mol Nd h
Nd/St
=1.5x10""* 2.6 x 10° ky ky . Arrhenius

Nd/St=1.5x 107" 9.0 x 10*. Ink,= - E,/RT  Ink, 1/T



244

2007

In [M],/[M]
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8 First-order plots for St polymerization at different

polymerization temperature
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Effect of polymerization temperature on the

molecular weight of polystyrene
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Fig. 10 Effect of polymerization time on the molecular

weight of polystyrene
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Fig. 11 The polarized optical micrograph of polystyrene soluble in 2-

butanone
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SYNTHESIS OF HIGH MOLECULAR WEIGHT POLYSTYRENE
WITH A RARE EARTH CATALYST

ZHAO Jiangwei WU Yixian WANG Jing ZHU Han WU Guanying YANG Wantai
Betjing University of Chemical Technology —State Key Laboratory of Chemical Resource Engineering Beijing 100029

Abstract The polymerization of styrene St with a modified rare earth catalyst system composed of neodymium
tricarboxylate  Nd  triisobutyl aluminium Al and n-butyl chloride BCL was carried out in cyclohexane. The
effects of preparation procedure of the catalyst system the molar ratios of Al/Nd and of BCL/Nd ageing temperature
and ageing time and reaction conditions catalyst concentration polymerization temperature and polymerization
time on St polymerization catalytic activity molecular weight and molecular weight distribution of the resultant
polymers were investigated. The catalytic activity depended mainly on the molar ratios of Al/Nd and BCL/Nd the
catalyst concentration the polymerization temperature and time. High molecular weight of polystyrene could be
obtained with the catalyst with low Al/Nd and BCL/Nd ratios aged at relatively low temperature for relatively short
time. The molecular weight of polymers increased with a decrease in polymerization temperature. The optimum
conditions for obtaining high molecular weight polystyrene are as follows Al/Nd=8 ~ 12 molar ratio BCL/Nd =35
~25 molar ratio T,=40~50C ¢,=6~20h Nd/St=1.5x10"* ~6.0x 10" molar ratio T, =40 ~
50°C . The molecular weight of the polymers reached high weight-average M, values M, =7.6x 10° g mol ™'
when Al/Nd = 10. The molecular weight decreased and molecular weight distribution became broad when excess Al or
BCL existed in the catalyst system. The polymer obtained was extracted by 2-butanone and then separated into an
insoluble fraction and a soluble fraction. The DSC characterization of the insoluble fraction shows that its melting
point is around 268°C which indicating that the insoluble fraction mainly contains syndiotactic polystyrene. It is
shown from polarized optical micrograph that the soluble fraction also contains some segments with high stereo-
regularity .

Key words Rare earth catalyst High molecular weight Styrene





