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Fig. 1 Time dependence of soil burial biodegradation ( pH

=7) induced weight loss of MACO foams with different
MACO/St weight ratios (density: 0.200 g/cm’)
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Fig. 2 TG and DTG curves of MACO/St (9/1) foams before

(a, ¢) and after (b, d) soil burial biodegradation
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Fig. 3  FTIR spectra of MACO/St (9/1) foams before
(a) and after (b, ¢) soil burial biodegradation of two and

three months, respectively
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Table 1  Carbon and hydrogen contents of MACO/St (9/1) foam

before and after soil burial biodegradation

Content of Content of
Specimens
carbon (% ) hydrogen (% )
Before soil burial 67. 14 9.26
Two months after soil burial 66. 74 8.6l
Three months after soil burial 65.91 8. 40
Four months after soil burial 64. 19 8. 10
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HenY pH {H , MACO 6L 7K ¥ 6} 9 2 J 320 i, B AE
YIRS 55—, MACO Fu A9 55 5 1 12
VR YE LG O B R, O HoXF pH (B AY L TR
B AT HFE A TE T, B B2 vh  E
BRI 3 & BRI L A A AR 9 B
TS A 2 B A A TR R, AT 00 B T
iR TEh. BT LA, 4w 5 pH (A B T 28 Y B i i

OGRS LR R B R, fEE & pH EH 1
BoEm 2 ~H e, MACO/ﬁa%(ww%@ﬁ%Z&
B B OC E & B (61.13% ) MR ot & &
(7.91% ) TREFEEE Y R THE pH =7.0 j:i%é%iﬁ
TR () MACO JEIRERE (X 1).

35

30F

H

25+

Hi

HH

20

Weight loss (%)
o

MACO/St(9/1) MACO/St(9/1) MACO/St(8/2) MACO/St(8/2)
pH=7 pH=85 pH=7 pH=282

Fig. 4 Weight loss of MACO foams after soil burial

biodegradation for two months at different pH values of the soil
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Fig. 5 Degree of soil burial biodegradation of MACO/St (9/
1) foams calculated from Eq. (1)
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Fig. 6 Proportion of the surface area of MACO/St (a) films
(40 wm thick) and (b) sheets (0.3 mm thick) with different
MACO/St weight ratios covered by fungi
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Fig. 7 Microorganism biodegradation induced weight loss of

MACO/St sheets with different MACO/St weight ratios
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Fig. 8 SEM micrographs of surfaces of MACO/St sheets before (a, b) and after (¢, d) inoculation of aspergillus niger for 15 days and (e,

f) sheets inoculated for 15 days and then cleaned out to remove the fungi

MACO/St weight ratios: (a, ¢, e) 9/1, and (b, d, f) 6/4
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Molecular Mechanism Involved in Biodegradation of
Castor QOil Based Plastic Foam

Jing Hu', Teng Rong”, Min-zhi Rong'* , Ming-qiu Zhang'
(' Key Laboratory for Polymeric Composites & Functional Materials of Ministry of Education of China ,
Materials Science Institute, School of Chemisty and Chemical Engineering ,
Sun Yat-sen ( Zhongshan) University, Guangzhou 510275)

(* Guangzhou Quality Supervision and Testing Institute , Guangzhou 510725)

Abstract The castor oil was converted into maleic acid ester (i. e. maleated castor oil, MACO) by the
reaction with maleic anhydride. Afterwards, the resultant MACO was free-radically copolymerized with reactive
diluents (styrene, St) and cured to form foam plastics through conventional foaming technique. By changing
MACO/St ratio, mechanical properties and aerobic biodegradability of MACO foams can be easily adjusted. To
understand the biodegradation mechanism of the castor oil based plastic foam, various characterization
techniques were employed in a systematic way. Compost tests in laboratory soil combined with molecular
characterizations demonstrated that the bio-foam has acquired excellent biodegradability. Destruction of the
network structure of the castor oil based polymer resulted from fission of ester groups due to attack of
microorganisms. The final product of compost tests proved to be carbon dioxide. Inoculation of fungi on the
castor oil based polymer further revealed that the vegetable oil acted as carbon source of growth of aspergillus
niger. Under the catalysis of lipase, castor oil, MACO and its foam were hydrolyzed to produce fatty acids.
The results of different degradation tests matched each other, which not only confirmed biodegradability of
MACO plastics, but also preliminarily revealed molecular mechanism of the biodegradation process.

Keywords Castor oil, Foam plastics, Biodegradability, Molecular mechanism
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