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Study of Graft Copolymerization of Vinyl Acetate onto
Acid-Thinned and Oxidized Starch (I )

LI Zhao-feng, GU Zheng-biao”
(School of Food Science and Engineering, Southern Yangtze University, Wuxi 214036, China)

Abstract; Reaction of grafting copolymerization of vinyl acetate onto acid-thinned and oxidized
starch using ammonium persulfte as initiator was investigated. The effects of mass ratio of
monomer and starch on the graft copolymerization of starch were analyzed. With the aim of
assessing the effects of reaction temperature and pH, on grafting percent ratio, grafting
efficiency and monomer conversion efficiency during grafting copolymerization, temperature of
grafting reaction and pH were varied based on a central composite design. The response surface
analysis was used to determine the optimum level of the above mentioned operating variables.
The results showed that when controlling mass ratio of monomer and starch, temperature of
grafting reaction, and pH at 80%, 70 C, and 4. 0, the grafting percent ratio, grafting efficiency
and monomer conversion efficiency could reach the maxmal levels of 28.2%, 49.1%, and
99. 8%, respectively.
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Tab. 1 The effect of mass ratio of monomer and starch on 4

graft copolymerization

Tab. 4 The response analysis result of variance according to

G/% GE/ % CE/Y% grafting percent ratio
Prob
40 ¢ 100 1.57 14. 28 83. 88 F rOF>
60 : 100 6. 84 13.59 90. 03
0 2 2.259 883 1.129 942 10.46 0.0258
80 & 100 11.77 17. 38 95. 96
2 34.462 403 17.231 2 159.54 0.000 2 x
100 & 100 13. 14 15. 83 95. 56
120 ¢ 100 L 27 16 12 9. 01 1 0.2601 0.2601 2.41 0.1956
5 36.982 386 7.396 477 68.48 0.000 6 x x
2.2
s 1 4 0.432 024 0.108 006
T G(%)— —686.45/8 571+ 19. 937 333X, I 10. 557 381X, —
2, 3. 0.141 829X,%—0. 051X, X, —0. 870 714X,*
2 J—

Tab. 2 The factors and levels of response analysis

, F=68.48>F, (5,
4)=15.52,
_1 0 1 2
, R*=0.988 5,
X C 5 65 70 75 A
pH X, - 1.5 3.0 4.0 5.0 , ,
30 mmol/L, 3 h, s s
1.5 h.
3 b b
Tab. 3 The design and results of response analysis
Xi X, Y, Y, Y, SAS ( 0
) , 28.239 932,
1 -1 1 24.41 44.70 90. 31 5
2 -1 0 25.52  45.91 93. 31 5
3 1 1 24.17 42.76 93. 18 Fig. 5 The best results of response analysis to grafting per-
cent ratio
4 0 1 27.71 48. 97 97. 82
5 0 0 28.21  49.13 99. 98
6 0 1 27.04  48.07 96. 38 /C  -0.087 397 69.563 015 69. 6
7 1 1 92.88  38.52 96. 29 pH 0. 025 240 4. 025 240 4.0
8 1 0 23.88  40.31 97.25
9 1 -1 23.66  40.00 96. 83 , F=103.41>F,, (5,
10 0 0 2815 49.09  99.78 H=15.52,
’ IQ2 =0.992 3 )
3 ’ 10 ’ 6
: X\ X, : ,
9 i b b
b b
1 G.GE
b ’
CE . ,
Y =A, A X, A X,
ApXi X, An X, A X3, yAGVALLA, SAS ( 0
A A A ) . 49. 657 893,
SAS RSREG 10
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Tab. 6 The response analysis result of variance according to , .
grafting efficiency pH
Prob> , 1~3.
F F
2 35.543533 10771767 60.43 0.0010 * x 29 pH
2 113.603 783  56.801892 193.13 0.0001 » «
28 ire
1 2.924100  2.924100  9.94  0.0344 g o T,
- . ,"'I"O"oo-ﬁ,‘;;“g
5 152,071 416 30.414 2832 103.41 0.0003 * * 271 ;fflflllﬂl:,'q S 0ptesetensiz N
, " i e NN
4 1176424 0.294106 © 26- ,/;;, o II[(,"I""" ’O’{{\\\\‘\\\\\\\\{\:\
GE/(%)=—1 275. 068 5711 37. 079 333X, +21.602 381X, — & Il[’llllll["”']"l[")““‘\\\\\\\\Q\\\\\\
0.263 429X,% —0. 171X, X, — 1. 175 714X,* 251 IIII[’"”[I")'{‘\\%\\\\\\\\\\\\\S\\ ‘
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Fig. 7 The best results of response analysis to grafting effi- 23
ciency 22
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Fig. 1 The response surface diagram of grafting percent ratio
to temperature of grafting reaction and pH value
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Tab. 8 The response analysis result of variance according to pH 4 373 %5 70 T
monomer conversion efficiency 5 H
P

P Pr(§)>

2 31.337 633 15.66882 12.21 0.0198  «x

2 45.530 503 22.76525 17.74 0.0103 =

1 1.357 225 1.357 225 1.06 0.3619

5 78.225361 11.49151 12.19 0.0156 =

4 5.132 649 1.283 162
CE/(%) = — 641,213 5711 20. 458 333X, T 6. 202 381X, —

0.146 229X,%+0.116 5X, X, —1. 835 714X,,

SAS ( 0

) s 99. 760 689,
9.
9

Fig. 9 The best results of response analysis to monomer con-

version efficiency

/C 0.306 077  71.530 386 71.5

pH -0. 040 868  3.959 132 4.0

Fig.2 The response surface diagram of grafting efficiency

to temperature of grafting reaction and pH value
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Fig.3 The response surface diagram of monomer conversion

efficiency to temperature of grafting reaction and pH
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