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isoprene polymerization process
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Table 1  Effect of alcohol on polymerization of isoprene with Nd/Al/CE/OH catalyst system

[CE]/[Nd] Microstructure
Run [OH]/ Nd/Tp T, t, Conv. M,
OH CE, CE, Al/Nd M/M, (%)

No. [Nd] x107* (Cc) (h) (%) x1073 -

Cl MCl DCC ETCA TBC Cis-1,4 Cis-3,4
IR-1 — 0 0.03 5.9 — — — 16.9 15.0 50 19 87.0 5.8 2.9 95.3 4.7
IR-2 EtOH 3.9 13.0 — — 0.5 — 14.0 5.0 10 5 92.9 1.3 1.7 96. 4 3.6
IR-3 EOH 0.44 152 — — 0.4 — 36.0 5.0 11 22 87.1 7.9 2.1 96.9 3.1
IR4 EOH 0.30 10.0 — — — — 10.0 4.0 -80* 14 31.8 7.3 2.1 97.4 2.6
IR-5 EOH 0.25 9.0 — — — — 14.0 5.0 50 5 95.0 4.2 2.3 96.0 4.0
IR-6 EOH 0.44 150 — — — — 8.0 5.0 -24 96 55.0 6.9 1.6 98.2 1.8
1R-7 PA 0.28 8.8 — — — 0.2 25.0 5.0 0 14 81.0 8.6 2.4 97.5 2.5
TR-8 TPA 0.30 10.0 — — — — 10. 4 4.0 35 4 95.6 3.7 2.0 96. 4 3.6
IR9 EtOH 0.20 6.4 — — — — 14.0 5.0 20 5 71.5 2.0 1.9 96. 4 3.6
IR-10 EtOH 0.60 14.4 — 0.6 — — 18.0 5.0 - 14 120 67.4 5.4 2.1 98.4 1.6

* Polymerization initiation temperature is —80°C without external heating source.
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Table 2 Effect of CE, on polymerization of isoprene with Nd/Al/CE/OH catalyst system

Run [ci]/ [CE,]/[Nd] [Al]/ [E©OH]/ "o t, Cony. M, M,/ Microstructure (% )
No. [Nd]  ETCA  TBC [ Nd] [Nd] ' (h) (%)  x107° M,  Cisl.4 Cis3.4
IRl 15.0 - 18. 1 0.32 25 6 41.5 3.3 2.1 9.2 3.8
IR-12 15.2 0.4 36.0 0. 44 11 5 87.1 7.9 2.1 96.9 3.1
IR-13 13.0 0.5 — 14.0 3.9 10 5 92.9 1.3 1.7 96.4 3.6
IR-14 8.8 — 0.2 25.0 0.28 5 81.0 8.6 2.4  97.5 2.5

Polymerization conditions: Nd/IP = 5 x10~* [IP] = 1.25 mol/L
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Fig. 2 (a) Effect of Al/Nd on conversion and cis-1, 4

content of PIp; (b) Effect of Al/Nd on molecular weight and
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Conditions:Nd/Ip = 8 x 10 ™*,CI/Nd = 10, EtOH/Nd =
0.33, [IP] =1.25 mol/L
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Fig. 6 Effect of polymerization time on monomer conversion at

different temperatures
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SYNTHESIS OF POLYISOPRENE WITH HIGH CIS-1,4-CONTENT AND
NARROW MOLECULAR WEIGHT DISTRIBUTION AND
POLYMERIZATION KINETICS

Han Zhu, Zhi-xin Bai, Jiang-wei Zhao, Ping Ling, Yi-xian Wu

( State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029 )

Abstract The stereospecific polymerization of isoprene (Ip) was carried out with a modified rare-earth
catalyst system which consisting of neodymium tricarboxylate ( Nd) , triisobutyl aluminium ( Al) , chlorinating
agent (CE) and alcohol ( OH), in which CE includes chlorinated hydrocarbon ( CE,) and chlorinated
carboxylic ester ( CE, ). The effect of chemical structure of OH and CE,, molar ratio of Al/RE on Ip
polymerization , molecular weight, molecular weight distribution and microstructure of the resulting polymers was
investigated. The kinetic study on the polymerization was conducted via in situ characterization by Fourier
transform infrared spectroscopy in combination with a diamond tipped attenuated total reflectance immersion
probe ( ATR-FTIR ) during polymerization. Detailed characterizations including microstructure, molecular
weight and its distribution, sequence and heat capacity of Plp have been carried out by FTIR,GPC,NMR and
DSC. The results show that polymerization rate was first-order with respect to monomer concentration, and the
apparent propagation activation energy ( E,) was determined to be 69.5 kJ + mol™' when polymerization
temperature was in the range from 0°C to 30°C. The catalytic activity and content of cis-1,4 configuration of
PIp could be improved and molecular weight distribution could be narrowed by introducing a small amount of
CE, and OH. The monomer conversion increased and molecular weight decreased with increasing Al/RE
ratios. Polyisoprene with high cis-1, 4-content of more than 98% and narrow molecular weight distribution
(M,/M_ = 1.6 ~2.4) could be achieved by adjusting component ratio and polymerization conditions.

Keywords Rare earth catalyst, Polyisoprene rubber, Stereospecific polymerization, ATR-FTIR



