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ABSTRACT: Vinyl acetate (VAc) and vinyl acetate-methyl acrylate mixture have been
grafted onto starch using the ceric ion as a radical initiator. The influence of several factors
on the grafting parameters was studied, i.e., the concentration of ceric ion, the order of
addition of the ceric ion initiator and the monomer (or monomer mixture), the pretreating
time of the substrate with a ceric solution, the composition of [VAc]/[MA] and reaction
times. Some grafting parameters were determined:grafting yield, grafting efficiency, and
total conversion of monomer to polymer. The optimum condition in graft copolymerization
using VAc or a VAc-MA mixture could be obtained from these grafting parameters. Also,
high grafting yield and grafting efficiency were obtained by the pretreatment of the sub-
strate with a ceric solution. And grafting efficiency was decreased but grafting conversion
and grafting yield was increased by adding methyl acrylate as comonomer. The portion of
poly(vinyl acetate) in the obtained graft copolymers has been substituted to poly(vinyl alco-
hol) by alcoholysis, and this fact could be assigned by FT-IR.
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Figure 1. Effect of the conc. of ceric ion on grafting
parameters using Ce-M addition procedure: R,,
3hrs; £, 15min; [M], 0.244 mol; monomer, VAc:
(a) -O- grafting yield, - @- grafting efficiency; (b)
- A~ graft conversion, - A - homopolymer conversion.
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Scheme 1. Possible reaction steps in the grafting proc-
ess.
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Figure 2. Effect of starch-ceric ion contact times on
grafting parameters using Ce-M addition proce-
dure: R,, 3hrs; ¢, 15min; [Ce(N)], 5x103 N;
[M]1, 0.244 mol; monomer, VAc: (a) -O- grafting
yield, -@- grafting efficiency;(b)-A- graft conver-
sion, - A -homopolymer conversion.
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Figure 3. Effect of the conc. of monomers on grafting
parameters using Ce-M addition procedure: R,,
3hrs; ¢, 15min;[Ce(N)], 5x10% N; monomer,
VAc: (a) -O- grafting yield, -@- grafting efficien-
cy; (b) -A- graft conversion, - A- homopolymer con-
version.
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Figure 4. Effect of reaction times on grafting parame-
ters using Ce-M addition procedure: #,, 15 min; [Ce
(V)], 5x10% N; [M], 0.244 mol;monomer, VAc:
(a) -O- grafting yield, -@- grafting efficiency; (b) -
A - graft conversion, - A- homopolymer conversion.
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Table 1. Effect of the Way of Addition of the
Reactants on Grafting Parameters: K, 3 hrs; £,

15min; [Ce(IV)], 5x107 N;[M], 24%101mol;
Monomer, VAc

G GE G, G

(%) (%) (%) (%)
M-Ce procedure  22.3 22.0 3.2 11.3
Ce-M procedure  60.4 45.3 8.6 104
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Figure 5. Effect of the composition of monomers on
grafting parameters: R,, 3hrs; ¢, 15min;[M],
0.12mol; [Ce(V)], 5x103 N; [H+], 25x 103 N:
(a) -O- grafting yield, -@- grafting efficiency; (b)
-A- graft conversion, - A- homopolymer conversion.

Table 2. Effect of Type of Graft Polymerization
Methods on Grafting Parameters: R, 3 hrs; /.,

15 mins [Ce(IV)], 5 X 103N; [M], 1 X 10-1mol;
[MAY/[VAc], 1/4; [H+1,25%103N
G GE C, C, Cy
(%) (%) (%) (%) (%)
M-Ce procedure 43.50 7.97 57.45 4.82 52.87
Ce-M procedure 88.18 17.33 53.57 9.28 44.29
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Figure 6. Effect of the conc. of ceric ion on grafting
parameters using Ce-M addition procedure: R, 3 hrs;
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Figure 7. Effect of starch-ceric ion contact times on
grafting parameters using Ce-M addition proce-
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(a) -O- grafting yield, -@- grafting efficiency; (b)-
A -graft conversion, - A- homopolymer conversion.
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Figure 10. FT-IR spectra of starch-g-poly(vinyl ace-
tate- co-methyl acrylate) (a) and starch-g-poly(vinyl
alcohol- co-methylacrylate) (b).
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Figure 11. Wide-angle X-ray diffraction patterns of
corn starch (a), starch-g-poly(vinyl acetate) (b),
starch-g-poly(vinyl alcohol) (c), and starch-g-poly

(vinyl acetate-co-methyl acrylate) (d).
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