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Table 1 The effect of various calix[ n]-Nd on ecatalytic activity
100 160
Calixf n]-Nd Calix[6]-Nd  Calix[4]-Nd  Calix{8]-Nd L ]
30+ —1140
Polymerization time{min} 65 65 190 —
& H120 &
Conversion (%) 94 44 2 £ 60 ® M, 2
= . X
Activity (kgPS/molNd-h) 910 4 20 '.,';’ a0k ® Conversion 1100 <
=
Polymerization conditions: S/Nd = 1.0 x 10*, Mg/Nd = 20.0, HMPA/Mg S g0k 80
‘=1.0,50C ,aged time: 2.5 h - 60
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Table 2 The effect of solvent on polymerization

Dichloro- Hydrogenated
Solvent Toluene THF
methane benzene
Conversion( % } 97 5 5 7
Activity( kgPS/molNd- h) 308 39 39 355
Polymerization conditions: [Nd] =1 x 10™* mol/L.[St] = 4.0 mel/L,

Mg/Nd = 20.0, HMPA/Mg = 1.0,50°C , aged time: 2.5 h, polymerization
time : 30 min
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Fig. 1 The effect of aged time on polymerization
Polymerization conditions: [Nd] = 8 x 10~* mwl/L, polymerization
time:1 h,50%C in toluene; Other conditions are the same as Table 2.
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Table 3 The effect of Mg/Nd (molar ratio} on molecular weight

Mg/Nd B 14 17 20 30
Conversion(% ) 17 35 71 97 99
M, (10*) - - 116 150 o8
MM, - - 1.59 1.68 1.81

Polymerization conditions:507C in toluene; Other conditions are the same
as Table 2.
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Table 4 The effect of [Nd] on catalytic activity

[Nd] (molfL) (107*) 4 6 7 8 10 15
Conversion (% ) 21 43 62 74 97 93
Activity (kgPS/molNd+-h) 446 590 T34 766 808 519
M_(10%) 98 133 158 154 150 87

Polymerization conditions: 507 in toluene; Other conditions are the same as Table 2.
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FREZH\STERYEZHHEMNGES, LXK L
WIOWEILD 7.0 mol/L AT, HEALTEH AT HIKL.6
x 10’ kgPS/molNd-h, T EE LB EH T/
B3k 23.8x10°.

Tabie 5 The effect of [St] on polymerization

£5t) (mol/L} 1 2 3 4 6 7
Conv{ % ) 5 35 56 74 84 87
M_(10Y) 30 71 119 154 225 238

Polymerization conditions: [Nd] = 8.0 x 10~* mol/L, 50T in toluene;
Other conditions are the same as Table 2.

80

40t

Conversion (%)

m 50°C
20 e 70°C

L 1 1 ] 1 1
0 10 20 30 40 50 60
# (min)

Fig. 2 The effect of time and temperature on polymerization
Polymerization conditions; [ Nd] = 8.0 x 10™* mol/L,

50C in toluene; Other conditions are the same as Table 2.
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Fig. 3 The effect of time and temperature on molecular
weight

Polymerization conditions are the same as Fig.2.
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Fig. 4 Plot of —In (1~ conv) versus polymerization time
Polymerization conditions: [ St] = 2.0 moi/L,50°C in toluene;
Other conditions are the same as Table 2.
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Fig. 5 Plot of InK versus In[ " ]
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Fig. 6 Plot of - In{1-Conv) versus polymerization time
Polymerization conditions: [ Nd] =5.0x 10 * mol/L,[St] =
2.0 mol/L,50%C in toluene; Other conditions are the same as
Table 2.
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Fig. 7 GPC spectrum of PS
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Fig. 83 'H-NMR spectra of PS
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THE SYNTHESIS OF ULTRA-HIGH MOLECULAR WEIGHT
POLYSTYRENE AND POLYMERIZATION KINETICS

NIE Jian, ZHANG Yifeng, JIANG Liming, SHEN Zhiquan
(Insticute of Polymer Science , Zhejiang University , Hangzhou 310027)

Abstract Calix[n]Nd/MgBu;/HMPA is an effective catalytic system for the synthesis of the ultra-high molecular
weight polystyrene (UHMWPS) . The catalytic activity of different Calix[ n]Nd complex decreases in the following
order: Calix[ 6 ] Nd > Calix[4 ] Nd > Calix[ 8 ]Nd. It shows that the aging of catalyst plays an important role on
catalytic activity. The optimum conditions are as follow: Mg/Nd = 20.0 { molar ratio), HMPA/Mg = 1.0 { molar
ratio) ,and aged 2.5 h under 50°C. The study of influence of solvent shows that toluene is a good solvent. The
polymerization result shows that the conversion is over 80% at 50°C,45 min. The kinetics of styrene polymerization
using Calix[ 6 ]Nd-20MgBu;-20HMPA in toluene were investigated by weight method. It was found that the rate of
polymerization is first order with respect to both monomer (St) and Calix[6]Nd concentrations . According to
Arthenius equation, it was found that polymerization activation energy is 41.7 kJ/mol. GPC characterization of
obtained polymer shows: M_ =21.0 x 10° , MWD = 1.61."'H-NMR spectra of UHMWPS shows that the content of
syndiotactic triad is 81 % .

Key words Styrene, Calixarene, Rare earth catalyst, Polymerization kinetics



