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Fig. 1 Schematic illustration of synthesis of maleated acrylated epoxidized soybean oil ( MA-AESO) .

(A) maleated reaction and (B) oligomerization reaction
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Fig. 2 FTIR spectra of AESO and MA-AESO (catalyst; 2
wt% ¢$CH,N(CH;),, 80 C, 1.5 h)
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Fig. 3 "H-NMR spectra of AESO ( catalyst: 0.2 wi%
¢CH,N(CH;),, 120 C, 8 h) and MA-AESO ( catalyst:
2 wit% ¢$CH,N(CH;),, 80°C, 1.5 h): (a) full spectra

and (b) partially enlarged view of (a)
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Fig. 4 Typical specific compressive siress-strain curves of
MA-AESO/St foams cured with 4 phr BPO and 0.4 phr
N, N-dimethyl aniline at various MA-AESO/St weight ratios
(density = (0.200 £0.005) g/cm’)
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Fig. 5 Specific strength (a) and modulus (b) of MA-AESO/St
and AESO/St foams as a function of styrene content

The foams were cured with 4 phr BPO and 0. 4 phr N, N-dimethyl
aniline (density: (0.200 + 0.005) g/cm?®).
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The foams were cured with 4 phr BPO and 0.4 phr N, N-
dimethyl aniline at various modified soybean oil resin/St

ratios.
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Fig. 7 Typical specific compressive stress-strain curves of
MA-AESO/St foams cured with 0.4 phr N, N-dimethyl
aniline and different dosages of BPO (w ( MA-AESO ) /w
(St) =80/20, density = (0.200 £0.005) g/cm’)
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Fig. 8 Typical specific compressive stress-strain curves of
MA-AESO/St foams cured with 4 phr BPO and different
dosages of N, N-dimethyl aniline (1 ( MA-AESO) /w(St) =
80/20, density = (0. 200 0. 005) g/cm’®)
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Fig. 9 Typical surface micrographs of MA-AESO/St foams cured with 4 phr BPO and 0. 4 phr N, N-dimethyl aniline at various MA-AESO/

St weight ratios ( density =0. 200 +0. 005 g/cmS); (a) w(MA-AESO) /w(St) =60/40, d = (650 +64) wm, (b) w(MA-AESO)/w(St)
=70/30, d = (614 £64) um, (c¢) w(MA-AESO)/w(St) =80/20, d = (470 £35) pm, (d) w(MA-AESO)/w(St) =90/10, d = (363

+48) pm
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Fig. 10 Influence of sample density on (a) compressive strength and (b) modulus of MA-AESO/St foams cured with 4 phr BPO and 0. 4

phr N, N-dimethyl aniline at various MA-AESO/St weight ratios
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Fig. 11 Comparison of specific compressive stress-strain
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Fig. 12 Time dependence of soil burial biodegradation

induced weight loss of MA-AESO/St foams cured with 4 phr
BPO and 0.4 phr N, N-dimethyl aniline at various MA-
AESO/St weight ratios ( density = (0.20 £0.01) g/cm3 )

K13 R, 200 3 A A s 50 & B+ 1
(6 St A 20% ~ 40% ¥ 36 [ N, MA-
AESO/St ¥ K %R} 1) 2% 5 % K T+ St 5 8 A [8] 1)
AESO/St ik B kL. i T MA-AESO & H ¥ £ (1)
WU A MA-AESO/St (3 3k %9 4 W S 58 44 1 22
IC% 2 Lk AESO/St il 3K BB K. — M oL T, &
LRy NI L TR 2R SN RE B 70 o N B
X MA-AESO/St il ik SR, —J5 1, B 348 H il
SRSy T SIS R Y R RN T SR R IR 5 A
TR SRORL IR A IR R A4 B AT S0 2 (R TR R AR I A7
T v VL AR SR (0 A ) e i 5 53— g 1D, MA-

AESO/St foams
I MA-AESO/St foams

21.32

20 19.13

—
=)
T

]
T

Weight loss (%)

60/40 70/30 80/20 90/10
Weight ratio of soybean oil resin/St

Fig. 13 Weight loss of MA-AESO/St and AESO/St foams
after soil burial for 3 months in soil burial biodegradation
(The foams were cured with 4phr BPO and 0.4 phr N, N-
dimethyl aniline; density = (0.20 £0.01) g/cm3 )
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Fig. 14  Soil burial biodegradation induced variation in morphologies of MA-AESO/St foams cured with 4 phr BPO and 0.4 phr N, N-
dimethyl aniline (density = (0.20 +0.01) g/cm3 ): (a) w(MA-AESO) /w(St) 80/20 foam before soil burial, (b) w( MA-AESO) /w(St)
80/20 foam after soil burial for 3 months, (c¢) w(MA-AESO)/w (St) 60/40 foam before soil burial, (d) w( MA-AESO)/w ( St) 60/40

foam after soil burial for 3 months
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Plastic Foams Based on Soybean Oil Resin Modified by
Maleic Anhydride and Acrylic Acid

Su-ping Wu''*, Min-zhi Rong' ", Ming-qiu Zhang'
("' Key Laboratory for Polymeric Composite & Functional Materials of Ministry of Education of China ,
Materials Science Institute, School of Chemistry and Chemical Engineering,
Sun Yat-sen ( Zhongshan) University, Guangzhou 510275)
(* College of Chemical and Environmental Engineering , Wuyi University , Jiangmen 529020

Abstract In order to improve mechanical properties of the foams made by acrylated epoxidized soybean oil
(AESO) ,AESO was further modified with maleic anhydride (MA) to yield another polymerizable resin ( MA-
AESO) in this work. Accordingly , more double bonds were attached to triglycerides of the soybean oil. Then,
the MA-AESO resin was copolymerized with diluent monomer styrene (St) to produce biodegradable MA-
AESO foams. Meanwhile, cell structure and compressive properties of the foams prepared at different ratios of
MA-AESO/St and curing conditions were characterized. In addition, biodegradability of the forms was
investigated by soil burial test. It was found that the foams had higher compressive property than AESO foams,
because the former contained more double bonds in triglycerides of the soybean oil, which increased cross-
linking density of the foams. Thus, environmental-friendly foams with mechanical performance comparable to
traditional petroleum based stiff unsaturated polyester foam plastics can be obtained even at high proportions of
the vegetable oil component. In spite of having high cross-linking density, weight loss due to soil burial
biodegradation of MA-AESO foams was higher than that of AESO foams,which may be related to the increased
amount of ester groups in MA-AESO molecules.

Keywords Epoxidized soybean oil, Modification with maleic anhydride and acrylic acid, Plastic foam,

Mechanical properties, Biodegradability
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