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Styrene-Isoprene Copolymers with High Rubber Contents
Prepared by Reactive Extrusion
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Abstract: Styrene-isoprene copolymers were synthesized through the anionic bulk polymerization in a
corotating intermeshing twin-screw extruder. Sodium dodecyl benzene sulfonate and tetrahydrofuran were
used as the polar regulators. The oxidative degradation method with hydrogen peroxide and osmium
tetraoxide was used to cut off the double bonds of the polyisoprene in the copolymer chains. Based on
GPC, "H-NMR, DMA and TEM analysis, it was found that the copolymer chains were composed of a long
polystyrene block and a lot of short styrene-isoprene blocks. While adding SDBS and THF into the
polymerization system, 3,4-polyisoprene structure was greatly increased. Furthermore, the polymerization
of styrene was significantly restrained and the molecular weight of the first long block of polystyrene was
comparatively decreased, which could hardly wrap up big isoprene bubble. As a result, the produced
copolymers were composed of the styrene-isoprene short blocks. The compatibility of two phases was
enhanced and the randomization degree of the copolymer increased too.
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1—Extruder; 2—Water bath; 3—Monomer mixture; 4—Initiator; 5,6—Pump; 7—Pulse damper
B 1 pEr A ST IRy &K

Fig.1 Experimental process for reactive extrusion of S-1 copolymer
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a—Before degradation, only with n-BuLi; b— After degradation,only with n-Buli;
c¢—Before degradation, n(SDBS) : n(n-Bul.i) =0.5; d— After degradation,n(SDBS) : n(xn-Bul.i) =0.5;
e—Before degradation,n(THF) : n(n-Buli) =5; {— After degradation,n(THF) * n(n-Buli) =5
Bl 2 R S TR GPC iR
Fig. 2 GPC curves of S-1 copolymers prepared by reactive extrusion
F 1 ST YR A7 AT IS 19 GPC Bl
Table 1 GPC data of S-1 copolymers before and after degradation
Before degradation After degradation w/ %P
Sample
M, X104 M,, /M, M. peata X 1071 M, peake X 1073 M,<<2X10° 2X10°<<M,<C10* M,=>10"
a 18.51 1. 89 11. 86 3.27 13.52 75. 31 11.17
b 16. 22 1.83 6. 64 1.11 58.68 38. 35 2.97
c 17.35 1. 44 1.49 0.49 93.09 3.98 2.93

1) After degradation; a

Only with n-BuLi; b

n(SDBS) ¢ n(n-Buli) =0.5; ¢

n(THF) ¢ n(n-Buli) =5
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Fig. 3 'H-NMR spectra of S-1 copolymers
a—Only with n-BuLi; b—n(SDBS) : n(n-Buli) =0.5; ¢c—n(THF) : n(n-Buli) =5
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Table 2 Mass fractions of PI in S-1 copolymers

Sample w(PD /% w(3,4-PD /%
a 55.1 9.7
b 61.2 29.9
¢ 58. 8 35.7

a, b, c are the same as table 1
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Fig.4 TEM images of S-1 copolymers
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a—Only with #n-Bul.i; b—n(SDBS) : n(n-Buli) =0.5; ¢c—n(THF) : n(n-Buli) =5
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Fig.5 Effect of SDBS and THF on tan §-temperature curves of S-1 copolymers
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