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A1. Data for Grafting Terms of Starch-g-styrene Copolymerization which Using the

Starch Pre-gel and Adding the Initiator at Room Temperature

The Values of Grafting Terms

X1 X2 X3 mean SD
% add on 28.25 29.13 28.04 28.47 0.47
% conversion of 95.94 » ; 96.93 0.77
monomer
% homopolymer 61.76 0.51
formation ____-""
% Grafting Efficiency /mﬁ\:\\\ﬁ 38.24 us

% Grafting Ratio ll’/ / A\\ 37.04 0.63

% Yield \ \ 86.42 017

A2. Data for Grafting Terms of S$tarc opo erization which Using the

Starch Pre-gel and Adding thé] .{. Arath Te perature

T30,

A
' -~
et _,'I.r

FRe-y lvl;.l-h-'i-‘livcll."‘r.' erms

6’«;— Y]

= mean SD

i
% add on 20.09 20.42 20.97 20.49 0.36

0.77

gl aﬁm LY E Y

TS TheTap™

% Grafting Efficiency 29.86 29.92 30.91 30.23 0.48

% Grafting Ratio 24.58 25.10 25.98 25.22 0.58

% Yield 82.72 82.50 83.04 82.75 022

93



A3. Data for Grafting Terms of Starch-g-styrene Copolymerization which Mixed all the

Raw Materials at the Same Time

The Values of Grafting Terms

A4. Data for Grafting Ter

Concentration at 0.01

"
-

of arc'

mfi;'

go "-‘

]
el 1
JH.

/A= ;\\\\g\

X1 X2 X3 mean SD

% add on 25.54 26.07 25.67 25.76 0.22

% conversion of 94.84 93.76 94.23 0.45
monomer

% homopolymer 65.28 0.59
formation

% Grafting Efficiency r///& 09 . 34.72 0.59

% Grafting Ratio 7/ &m\\\\\’k 3270 | 041

% Yield 85.75 0.27

opolymerization: Effects of Monomer

2PN W 2N AR PoVoNPS S GRS 2 31

L 4
&

.’,}:— "' erms
" |'| mean SD
% add on 4.24 300 4.40 4.14 0.27
1.98

mer@ Y8 I

monomq

iilca

ik

YRTRYTEU AW

Ay

TRELS

% Grafting Efficiency 7.67 7.04 753 7.41 0.27
% Grafting Ratio 4.24 3.78 4.39 4.14 0.26
% Yield 75.49 74.96 76.99 75.81 0.86




AS. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Monomer

Concentration at 0.05 g of BPO

The Values of Grafting Terms

.l_
5 1
¥ % } '»f‘
@Jﬂ L)

Concentration at 0.1 g'of BPO a1
i =

AG. Data for Grafting Tefms g

X1 X2 X3 Mean SD

% add on 15.49 17.08 18.99 17.19 1.43

% conversion of 59.77 63.88 8277 215
monomer

% homopolymer 68.59 223
formation

% Grafting Efficiency r///é&\ ‘q‘:’t‘"‘\ 31.41 2.23

% Grafting Ratio v m &9\\\‘!\ 19.72 1.78

% Yield v, " / N \8e3y 7840 | 030

c_— e e e e e

afting Terms

!,,;—-——— ‘ ean SD
% add on W 31.19 0.7
% conversion of 87.15 88.23 86.65 87.34 0.66
-9
A ;i 1 . & Fa
mononﬂ 1 - ‘ 3 ‘ H 'IF ‘i
% homopolymer 51.79 - 52.20 54.13 62.71 1.02

: o,]'.‘ oF -

% Grafting Efficier

ARARE

At T

% Grafting Ratio 39.74

41.30

1.10

% Yield 88.41

88.14

0.32

95



AT. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Monomer

Concentration at 0.2 g of BPO

The Values of Grafting Terms

X1 X2 X3 Mean SD
% add on 32.65 32.93 31.86 32.48 0.45
% conversion of 87.90 8 ’ 88.11 0.63

monomer

% homopolymer 50.63 0.38
formation
0, 4 -,_
% Grafting Efficiency -"' ﬂ;“\ 49.47 0.38

% Grafting Ratio ﬂ m&\\\ 4355 | 053
% Yield "f/ bl‘\\\“{‘ 87.54 | 021

.]‘l.h.l d
& '2: :.r ¥

A8. Data for Grafting Termgfof Starch-gistjren Copo g zation: Effects of Monomer

Concentration at 0.3 g of BPOMGE G-+ -

V Mean SD

% add on 33.63 33.99

33.35 0.67

=AU TN | =
aﬁw 3 SN Thp Ay

% Graﬁlng Efficiency 5013 50.03 47.71 49.29 1.92

% convers

% Grafting Ratio 46.01 46.22 43.92 45.38 1.04

% Yield 88.36 88.47 89.26 88.70 0.40
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A9 Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Monomer

Concentration at 0.4 g of BPO

The Values of Grafting Terms

X1 X2 X3 Mean SD
% add on 32.15 34.13 35.81 34.03 1.49

% conversion of 95.93 92.75 2.56

monomer

% homopolymer 48.86 0.54

formation

% Grafting Efficiency rr Jﬁg%\%ﬁ
% Grafting Ratio i’//m &\\\ 47.43 1.81
% Yield 'll l & ;\\\‘ 8871 | 0.34

.I'E:-,
weLa
A10. Data for Grafting Terms of Starci;g-styrene Copolymerization: Effects of Monomer

Concentration at 0.5 g of BP (Yot

51.14 0.54

-
FO eV te ST (S ety : 1 erms
- 2 "“

—

— 3" = Mean SD

. ﬂ‘ NETS eI |
FECTRY Al S TR

% Graftlng Efficiency 57.18 80.85 53.70 53.91 2.59

1§
ik

35.45

% Grafting Ratio 53.95 49.57 50.25 51.26 1.92

% Yield 87.31 88.80 88.14 88.08 0.61
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A11. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Monomer

Concentration at 1.0 g of BPO

The Values of Grafting Terms

X1 X2 X3 Mean SD

% add on 29.11 27.83 27.90 28.28 0.59

% conversion of 96.56 0.73
monomer

% homopolymer 61.95 0.60

formation ‘

% Grafting Efficiency a0 / f//j%\\\_ 38.04 0.60

5 . .
% Grafting Ratio ‘C’/ a Q‘\\{\ 36.76 0.82
% Yield

86.37 0.04

A12. Data for Grafting Terms offStarchg:- opolymerization: Effects of Monomer
Concentration at 1.5 g o BP = ,

erms

T

-l —'_ e e .—

Mean SD

L‘i

% add on 21.24 19.81" 19.63 20.23 0.72
AU TNETE T |
monomeq

TR e SN TR

% Grafting Efficiency 22.09 23.46 23.02 22.86 0.57

% Grafting Ratio 24.90 23.81 24.00 24.24 -0.47

% Yield 89.04 86.04 87.94 87.67 1.24
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A13. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Monomer

Concentration at 2.0 g of BPO

The Values of Grafting Terms

X1 X2 X3 - Mean SD

% add on 17.37 14.71 - 16.04 1.38

% conversion of 115.85 3.80
monomer

% homopolymer 84.31 0.16

formation

% Grafting Efficiency j //ﬁ& 1569 | 0.16
% Grafting Ratio M ﬂ&@f‘m 18.80 137
% Yield 'il l EE ‘\c}&\\\\;‘ 80.39 | 0.49

mgd‘ d

u Fl .
- &
it

"3 ‘
A14. Data for Grafting Terms offStarciisg-styre opalymerization: Effects of Reaction

(L i o el
Time at 1 Hour VTR

L4

wi, erms

1 Mean S~
I

% add on 2022 | 3002 | 2853 | 2026 | 061

% Converﬂ Au ;,(n W%JWEF" 39579 0.48
monomeﬂ P F]

TR T SN TN

% Grafting Efficiency | 48.91 45.92 46.75 47.19 1.26

% Grafting Ratio 40.23 39.99 39.07 39.76 0.50

% Yield 85.64 85.79 86.49 85.97 0.37




A15. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Reaction

Time at 3 Hour

The Values of Grafting Terms
X1 X2 X3 Mean SD
% add on 33.03 33.56 32.64 33.08 0.38
% conversion of 8713 v, 91.80 89.55 1.91
monomer : v
% homopolymer 48; 1 1 49.86 143
formation >
% Grafting Efficiency 50.14 1.73
% Grafting Ratio f K | 44.87 1.18
%Yield 86.68 0.05
er
A16. Data for Grafting Terms of ’ "-';s_-" olymerization: Effects of Reaction
Temperature at 70°C_ m?
: Terms
X1 X2 X3 Eg Mean SD
‘ 4 a2
ALA)
% hemopoly Idr g0 gald 1|1 6‘?.51[
formation
% Grafting Efficiency 37.16 34.32 38.43 36.63 4 .
% Grafting Ratio 28.20 26.41 30.81 28.47 1.8
% Yield 82.91 84.00 84.14 83.68 0.55
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A17. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Reaction

Temperature at 90°C
The Values of Grafting Terms
X1 X2 X3 Mean SD
% add on 30.07 32.26 33.04 81.79 1.26
% conversion of 90.16 94.86 92.11 2.00
monomer
% homopolymer 53.3 1.91
formation
% Grafting Efficienc l‘///&&\ 46.7 1.91
% Grafting Ratio ﬂ Eﬁ 42.99 215
% Yield 87.70 0.42

A18. Data for Grafting Terms of Starehsg-siyre
s,

PN
7/ BATS

1

Starch and Styrene Monome ‘="-—- -of-Ste

IO

,‘ ki

Op

9 g of Styrene Monomer

1

erization: Effects of Ratio of

-

e ———————————————————

fing ferms

ii Mean SD
% add on 22 67 24, 73 Rl 2 23.71 0.84
0:35

monom

- qJ E i

TRTH 8TPTEL BT

Ikl

% Grafting Efficiency 4.42 4.90 4.72 4.68 0.20
% Grafting Ratio 28.84 32.40 31.00 30,75 1.46
% Yield 71.71 72.41 12,32 72.19 Q.31
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A19. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Ratio of

Starch and Styrene Monomer at 2 g of Starch : 8 g of Styrene Monomer

The Values of Grafting Terms

X1 X2 X3 Mean SD
% add on 29.60 28.16 31.55 29.77 1.39
% conversion of 68.66 68.49 69.37 1:18

monomer SR '

- T = ’-‘
% homopolymer -a:.g:_ = i 84.77 1.20

formation
% Grafting Efficiency r / //‘hk\\\ 15.23 120
% Grafting Ratio M {5&&\\\‘ 42.13 2.72

% Yield 'I‘cfﬁﬁ ﬂ\\\\‘% 7177 | 0.88

.m..._ d
P&
A20. Data for Grafting TerMs q targ&lg'fs Jrenk

erization: Effects of Ratio of

Copo
p <

Starch and Styrene Monome ‘-""*.:%‘; ’ g of Styrene Monomer

LS ,..f.u :4
e B E— Y, ]
y(’l?,— """" .l-“’ erms
t : Mean SD
=
% add on _ 37.42 37.00 36.12 36.85 0.54
, -
@ 8 TN BTIWNENT | -
monome |
="y
TR TS TR T
rmation
% Grafting Efficiency 31.93 30.26 30.75 30.98 0.70
% Grafting Ratio 57.64 56.22 54.20 56.02 |. 1.41
% Yield 79.24 50.50 77.86 79.20 1.08
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A21. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Ratio of

Starch and Styrene Monomer at 4 g of Starch : 6 g of Styrene Monomer

The Values of Grafting Terms

X1 X2 X3 Mean SD
% add on 34.63 35.99 36.59 35.74 0.82
% conversion of 75.30 3 81.87 79.09 2.78

monomer

% homopolymer 53.41 0.20

formation

2 | —
% Grafting Efficiency r/ WI@\ ATt 46.59 0.20
% Grafting Ratio / £) o\ sedagl ss27 | 228

% Yield '.o‘/ “8368" | \8a72n| 83.00 175

A22. Data for Grafting TerniS offStarchigestyre : erization: Effects of Ratio of

Starch and Styrene Monémet.& a._s :' g of Styrene Monomer

-.l'- .-‘I;.l-;:ivii-l;-::;: r 'y rms

e

Il.’ 'T!I
1 — i
% add on 23.98 25.33

Mean SD

) ﬂ% NRiCE A
W*Ta\iﬁ‘“ith SNThARY ™

% Graftmg Efficiency 48.57 51.73 523 50.87 1.64

% Grafting Ratio 31.54 33.38 34.84 33.25 1.35

% Yield 93.73 93.01 93.50 93.41 0.30
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A23. Data for Grafting Terms of Starch-g-styrene Copolymerization: Effects of Ratio of

Starch and Styrene Monomer at 7 g of Starch : 3 g of Styrene Monomer

The Values of Grafting Terms

X1 X2 X3 Mean SD
% add on 17.29 17.07 16.60 16.99 0.29
% conversion of 95.41 o7, 97.41 96.83 1.01

monomer

% homopolymer 50.84 1.38
formation
% Grafting Efficiency f %“\v 49.16 1.38

% Grafting Ratio W/E?\\\\ 2040 | 04
% Yield WI/% A\\‘\S 9420 | 045

A24. Data for Grafting Ternfs of 3St/7ene.Cop olymerization: Effects of Ratio of

Starch and Styrene Mon6 - of Ste 2 g of Styrene Monomer
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% Graftung Efficiency 43.97 49.03 49.62 47.54 253

L] .
%addon M 10.06

% Grafting Ratio 11.14 12.14 12.05 11.78 0.45

% Yield 95.17 94.88 94.06 94.70 0.47




A 25. Data for Moisture Absorption of Starch and Its Grafted Copolymers

105

Moisture Absorption(%)

Time Starch Gel Polystyrene
(hours) Powder Starch
0 0 0
1 4.82 4, 0.5
2 6.27 - 14
% 8.40
4 10.54 i 1
i3
5 12.79
6 13.72 -
7 1431 W el | S
8 15.64 |Laxaio
24 26.51 ofa4 i
48 26.28 34. LA
72 26.45,
96 26.54
120 26.59 44.33 1.05

Starch-g-styrene | Starch-g-styrene
Copolymer with Copolymer
Homopoly without
styrene homopolystyrene
0 0
2.85 5.46
- 16 5.99
8 7.91
5 8.78
2 9.81
9.72
2 10.15
48 10.42
16.73 23.89
20.42 29.38
31.83
34.75
22491 26.73
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B 1. Figure of GPC chromatogram of homopolystyrene formed in starch-g-

polystyrene copolymerization.
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