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F5 e /Al A 24 ceric ammonium nitrate(CAN) & AF&31o] H2] o) FojA o, add-on(%)o]
Ho) 52% Fed T2YAS €S F Ugdch. Starch-g-poly(methyl acrylate) (S-g-PMA) &2 o

d #497E, & %, Aol vl B k3 AA G el A A-rAn. FF5o) AW
SgPMA &2 Wii2 59 FEo 243 slipping 3 7hastAgon ¢ e}su new, 7
ol Holl Hh 20071 2F Bt ZAMAIZ] BEE S DG ZEd MA S3A 9 Fa R A9 =st @yl
o3t 5g o2 Hegon, ERAUA AITF o] A wl g AU, £T Sg
PMA ZE &5 &8 @74 M Aspergillus nigerol] o3 HA a8 S & & AU, o] Lga ¥
22 BAFA 2l e #e A52 &89 5 AUE Holdh

Abstract . A new environmentally degradable film was prepared by graft copolymerization of methyl
acrylate onto corn starch, renewable polysaccharide. Graft copolymer was readily achieved by using
a ceric ammonium nitrate as a catalyst. Influences of various environmental factors such as water,
UV, and microorganism on starch graft poly(methyl acrylate) (S-g-PMA) films were studied. The S-
g-PMA films immersed in water for 25 hours were awfully weakened, and which was partly due to
the intermolecular slippage and plasticization of water. UV-exposed films for 200 hours were, due to
the photodegradation of grafted poly(methyl acrylate) (PMA), the retrogradation of starch, and the
cracking of surface of S-g-PMA film, yellowed and weakened. S-g-PMA films were susceptible to mic-
robial attack by Aspergillus niger under wet surroundings. This material may have applications as
environmentally degradable films.
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Fig. 1. The scheme of biodegradation test.
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Fig. 2. Initiation of graft polymerization by ceric ion.
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Fig. 3. FT-IR spectra of starch-g-poly(methyl acry-
late) and corn starch.
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Fig. 5. The scanning electron micrographs(SEM) of S-g-PMA powders( X 1000). (a) add-on=47.0%, pre-
heating temp.=30C (b) add-on=315%, preheating temp.=50C, (¢) add-on=33.5%, preheating temp.=
70C, (d) add-on=54.5%, preheating temp.=50TC, oxidized starch.
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Table 1. The Degree of Swelling(%) of S-g-PMA Fi-
Ims Treated with Water for 25 hours

Add-On  Preheati- Degree of Swelling( %)
ng Temp.

(%) (© Unexposed® UV-Exposed®
37.0 50 90.0 —

485 70 117.8 126.1
51.0 30 66.3 89.1
52.0 50 88.6 —

54.5* 50 894 -

#Unexposed Films
5 UV-Exposed Films for 25 hrs
* Oxidized Starch
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Table 2. The Effects of Water on the Tensile Proper-
ties of S-g-PMA Films

Add- Untreated

Treated for 25hrs

on
(%) UTS(kgf/ ELON. UTS(kgf/ ELON.

cm?)? BP(%)® cm?) BP(%)

37.0 81.3 221.7 39.0 183.3
485 76.2 486.7 174 395.0
52.0 64.5 628.3 19.5 395.0
54.5* 96.5 154.1 16.9 210.8

4« UTS=Ultimate Tensile Strength

® ELON. BP=Elongation at Break Point

* Oxidized Starch
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Fig. 8. ATR spectral changes of S-g-PMA films after
UV-exposure for 200 hrs(add-on(%)=315%).
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Fig. 9. ATR spectral changes of S-g-PMA films after
UV-exposure for 200 hrs(add-on(%)=37%).
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Table 3. The Effects of UV-Exposure on the Tensile Properties of S-g-PMA Films

Add- Unexposed Exposed for 40 hrs Exposed for 200 hrs

on

(%) UTS(kgf/cm?) ELON. BP(%) UTS(kgf/cm®) ELON. BP(%) UTS(kgf/cm?) ELON. BP(%)
315 76.0 120.8 - -~ 99.3 12.3
370 813 221.7 92.7 36.3 81.0 34.7
485 76.2 486.7 77.1 79.8 - —

51.0 65.8 585.0 55.3 150.3 - -

52.0 64.5 628.3 55.8 106.3 — —

(A)

Fig. 10. The scanning electron micrographs(SEM) of S-g-PMA films( X 1000)

)

©
+ 1. graft copolymer with 31.5

percent add-on, II : graft copolymer with 37.0 percent add-on ; (A) Originals, (B) After UV-exposure for 200
hours, (C) After incubation with aspergillus niger for 30 days.
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Table 4. The Effects of Water on the Tensile Properties of UV-Exposed S-g-PMA Films

Add- Unexposed UV-Exposed Films* Water-Treated Films*

on

(%) UTS(kg.f/cm?) ELON. BP(%) UTS(kg.f/cm?*) ELON. BP(%) UTS(kg.f/cm?) ELON. BP(%)
485 76.2 486.7 79.8 9.7 188.3
51.0 65.8 585.0 150.3 6.0 191.7

* Exposed for 40 hrs
** Water-Treated after 40hrs UV-Exposure

Fig. 11. Photographs of S-g-PMA films after 30 days
incubation with Aspergillus niger ; I . S-g-PMA film
with 31.5 percent add-on, I : S-g-PMA film with 37.0
percent add-on.
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AAAS Bed, EFHe] 24 B M4H
(2@l 23 A (GaH) 9 E4E 3 s &
23 4 ddon, F3d T3] Aspergillus niger
27t HAH S FFE 5 AU

2E 2 WA

2 &

AT MA9 I8tz E FEFAE MAAZRA
CAN & AMg-3t gA & 4 AUt PMAS] add-
on(%)o] 37~52%2 S-gPMAE d& & UYL
of, PMA9] && 71 5 A= MM #Ax
g W) A F43] $7He 24 M3} rub-
bery$t HA& ZAES & 5 AU

JGELE AE ES FFA AAA S
A o] A E-9] preheating &% (70T) 7} gelatinization
2% o)<l S-g-PMA ¥ Eo] preheating &7} 30
Tl g YRt Bo o) o 29 A% A Y
Elutch. o]& gelatinizationdl] 93] AR AHN 2H
RES ghalg s 1HZEFTA WFEE £
o A%} o golaixe ddelet AztE, o]
gaMe gtoas B d7r) o]FojFo} grtal
Mz} t}, Preheating %7} 70C<1 S-g-PMA HE
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9] AR gL oF 77%Z preheating &%
7} 30Tl "9 52% K} A VeSS & 5 3l
o, e A oF 17~37% 9] F4aES U
ElfQIch AbslHE o 2 AzE S-g-PMA IE9) 7
$ole ME 9 gelatinization X7} &FH R v
&l 7] w0 preheating %7} 50CY A2
oF7ro] gelatinizationo] 23S &4 5 9T
gt AiEeE EFHAEE AzF S¢gPMA 2
o vlal 2A] ko, IAA AFFATE vHA
gg9 o 19% A= IA ZASIAT dHie
= % 3% A= Friske BEE Jeidider, ol
2o AAES THH & o dEHRE AFE
& AA] £AZT slipping & -f-33HA Y 7148t
|5 e Aoz AU

AL Ade] FHu 200A17HEF A HEELS
PMAS] 3 & A& =8l 9|3t egt 3
Moz walgen, WEHH Adgo] A3}
o v HFsHH.

S-g-PMA HE2E52 43 8794 Aspergillus ni-
gerol oJ3] GA FHES & & AACh T By
AN 8o o] A FF o3 IS JF
o2 Jvepd v U

lo rlo rlo
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