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Table 1 Level of factor

Level
Factor Parameters
1 2 3 4
A Reaction temperature( C ) 50 55 60 65
B Initiator concentration( % ) 0.5 1.0 1.5 2.0
C DMSO/H, O ¥/ V) 30/70 A0/60 50/50 60/40
D Mobomer concentration{ % } 20 25 30 35
E IA in feed monomers( mol% ) 0.37 0.83 2.10 4,33
Tabke 2 The condition and result in orthogonal layout
Level and factor Result
Experimental no
A B C D E Conversion{ % )
1 1 1 1 1 1 3.8
2 1 2 2 2 2 1.9
3 1 3 3 3 3 55.1
4 1 4 4 4 4 1.9
5 2 1 1 3 4 0.4
] 2 2 1 4 3 67.6
7 2 3 4 1 2 94.6
8 2 4 3 2 1 91.3
9 3 1 3 4 2 56.4
10 3 2 4 3 1 1.7
11 3 3 1 2 4 44.7
12 3 4 2 1 3 B0.7
13 4 1 4 2 3 27.1
14 4 2 3 1 4 94.2
15 4 3 2 4 1 86.8
16 4 4 1 3 2 83.6
™ 68.7 87.7 199.7 273.3 259.6
- 153.9 247.4 175.8 171.0 242.5
i 259.5 281.2 297 216.8 230.5
N* 201.7 2571.5 201.3 212.7 141.2
114 17.2{ Min) 21.9(Min) 49.9 68.3(Max) 65.0( Max)
/4 63.5 61.9 44.0( Min} 42, 8( Min) 60.6
Ha 64.9 70.3(Max) 74_3(Max) 54.2 57.6
V14 72.9( Max) 64.4 50.3 53.2 35.3( Min)
Range® 55.7 48.4 30.3 25.5 29.7

*1 is the sum of Level 1 in Factor A,B,C,D,E respectively; [l is the sum of Level 2 in Factar A,B,C,D,E respectively; [ is the sum of Level 3 in

Factor A,B,C,D,E respectively; IV is the sum of Level 4 in Factor A,B.C,D,E respectively.

PRange is difference between the maximmm and minimum average value of different Level 1,2,3,4 respectively.
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Table 3 Effect of DMS0/H,0 on polymerization of AN with IA

IA content in

IA conient in

Polymer DMSO/H, O{ V/IV) Conversion{ % } M, (10")
feed{mol % ) copolymer{ mol% )

PAN 20/80 0 9.7 53.6 0

P(AN-co-1A), 20/80 2.1 95.9 54,1 2.15
P(AN-co-1A), 30/70 2.1 89.8 47.2 2.35
P{AN-co-1A), 40/60 2.1 85.6 40.7 2.55
P{AN-co-14}, 50/50 2.1 78.7 29.5 2.70
P{AN-co-1A)5 ) 60/40 2.1 43.1 21.6 3.25
P(AN-co-IA)g 70/30 2.1 10.7 14.8 3.70

Reaction temperature : 60°C ; Time : 2 h; Initiator concentration: 1{wt% )
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Fig. 1 DSC curves of PAN homopolymer and P( AN-co-

IA) copolymer obtained in N,
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d)P{ AN-co-1A)-H2;e) P{ AN-c0-IA)-H3

BT &R 5L PT = 4E B9, X 28 B RE 4 B4
REMFARR . KPR EERE/ND T8
WER R, MK H,,CO,,H,0,NH,, HCN % . [
M C—CHHMERC—CEM, FAESE
—=C—O B FibR M@ —C=NEHAMKE
R SHEEEMNIEE P(AN-co-IA) L E P I
PAN H B Wit g M R KB, i R AL, &
Mt B Bk A SEARMRERESE TIEE
K| EMENERBEE2ZMEL LB R
R A FHEK AN S 1A RHP A SREMEEM
P(AN-co-IA) LB, F 47 F & P(AN-co-IA) L3
My LE S 20 T B 69 B MR 15 1R R, A

100

80
60
40
20

Mass (%)

b

] | L L L
0 200 400 600 300 1000

Temperature ('C)

Fig. 2 TG curves of {a} P{AN-co-1A)-H! and (b}
P{ AN-ca-1A}-L copolymer obtained in N,
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Table 4 Parameters obtained from DSC exotherms of PAN homopolymer and P{ AN-co-1A ) copolymer

IA content in
Serial no Polymer M,I(IO‘) T{T) T:{7C) AT(C) Tl,(t) AT{lig)
copolymer {mol% )
1 PAN 30.5 0 258.8 296.4 37.6 281.1 919
2 P AN-co-T1A)-L* 1.2 1.23 244.9 289.1 4.2 283.9 789
3 P( AN-co-1A)-HI® 31.8 1.05 240.6 295.5 54.9 276.5 395
4 P(AN-co-1A}-H2 29.5 2.1 227.0 4.1 771 275.9 363
5 P(AN-co-1A)-H3 32.6 4.39 156.0 326.0 170 278.1(217.2} 454
Two peaks
“P{ AN-cp-1A)-L: Obtained from solution copolymerization according to Refs. [6,7]
PP{AN-co-1A)-H: Obtained from suspension copolymerization in DMSO/H, 0(50/50, ¥/ V)
g
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Fig. 3 IR of PAN homapolymer
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Fig. 4 IR of P{AN-co-1A)copolymer
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STUDY ON COPOLYMERIZATION AND PROPERTIES OF P{AN-co-IA)
SYNTHESIZED IN DMSO/H, 0

ZHANG Wangxi, LI Musen, XU Zhongho, WANG Yanzhi, WANG Chengguo
( College of Muteriols, Shandong Universicy , Jinan  250061)

Abstract  High molecular weight polyacrylonitrile ( PAN ) was obtained by the free-radical suspension
copolymerization of itaconic acid (IA) and acrylonitrile ( AN ) which was carried out in DMSO/H,0 using
azodiisobutyronitrile( AIBN ) as initiator. Orthogonal design methed was used to study the effect of polymerization
parameters, such as the reaction temperature, monomer concentration, DMSO/H, O ratio, initiator content and so on,
on the conversion of polymerization. The reaction temperature is the most important factor determining the conversion
of copolymerization . The effect of DMSO/H,0 ratio on the conversion and viscosity-average molecular weight was
specially introduced . The copolymerization reaction rate and the viscosity-average molecular weight of copolymers may
decrease as the result of the high chain transfer constant of DMSO. For copolymerization of AN and IA, with the
inclusion of good solvent DMSO, the solution degree of AN in DMSO/H, O is higher than in water, as a result, the
resulting copolymer pellets becomes porous. The structure and properties of PAN homopolymer and P( AN-co-IA)
copolymer were also studied by using DSC, TG and IR measurements. t was shown that the conversion of
polymerization could be increased by increasing reaction temperature, decreasing monomer concentration and
decreasing the JA content in the feed AN/IA matio. The results also demonstrated that the conversion of
copolymerization of IA and AN decreased with the increase of DMSO content in the feed DMSQ/H, O ratio. For the
same [A content in the feed AN/IA ratio, the high molecular weight P( AN-co-IA ) copolymers have the lower start
exothermal reaction temperature and wider DSC exothermal peak as compared to the convertional low molecular
weight P(AN-co-TIA) copolymers,and these phenomena are consistent with the result of IR studies.

Key words DMSO/H,0, Polyacrylenitrile, Acrylonitrile, Polymerization



