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Thermoplastic starch-based biodegradable plastics reinforced

by carboxylated surface modification of nano silica
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Abstract: In order to improve the mechanical properties and water resistance of thermoplastic starch (TPS), the
carboxylated silica microspheres (SM-COOH) modified by coupling agent KH550 and succinic anhydride were used
to prepare the SM-COOH/TPS composites by extrusion and injection molding process. The effects of different con-
tents of SM-COOH on the mechanical properties, dynamic thermodynamics, thermal stability, surface water resist-
ance and rheological properties of the composites were studied in details. The results show that the added SM-
COOH can improve the performance of TPS. When the content of SM-COOH is 2.0wt%, the tensile strength and im-
pact strength of the composites reach the maximum value of 12.71 MPa and 15.918 kJ/m?, respectively, which are
nearly 4 times and 2.6 times higher than that of pure TPS. The temperature corresponding to the maximum decom-
position rate in DTG curves reaches the maximum of 322.1°C, and the peak value and equilibrium torque of the
composites are moderate, which shows the better rheological processing properties. In addition, with the increased
SM-COOH content, the transition temperature and surface contact angle of composites also increase. Therefore,

adding the carboxylated modified nano-SiO, into TPS is an effective method to improve the performance of SM-
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COOH/TPS composites, and will be useful in the area of starch-based biodegradable plastics.

Keywords: thermoplastic starch; silicon dioxide; carboxylation modification; composites; mechanical property;

biodegradable plastics
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Fig.1 Mechanism of carboxylation modified SiO, microspheres and reaction between SM-COOH and starch molecule
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Fig.2 Mechanical properties of SM-COOH /TPS composites with different SM-COOH contents:
(a) Tensile strength and elongation at break; (b) Impact strength
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Fig.3 DMA curves of SM-COOH /TPS composites with different SM-COOH contents (Frequency 1 Hz): (a) Storage modulus; (b) Loss factor
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%1 7[E SM-COOH i NEH SM-COOH/TPS £ &4 #1H)
HIBEE (AE: 1Hz)
Table1 Transition temperature of SM-COOH /TPS
composites with different SM-COOH contents
(Frequency: 1 Hz)

Sample T,/ C Tg/C

TPS 35.20 -50.97
0.5wt%SM-COOH/TPS 44.89 -47.03
1.0wt%SM-COOH/TPS 47.87 -46.86
1.5wt%SM-COOH/TPS 49.43 -46.15
2.0wt%SM-COOH/TPS 53.43 -43.13
2.5wt%SM-COOH/TPS 60.03 -41.12
3.0wt%SM-COOH/TPS 61.55 -41.03

Notes: T,—High temperature peak; Tyg—Low temperature peak;
SM-COOH— Carboxylated silica microspheres; TPS—Thermoplas
tic starch.
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2.6 HHERT M

h T B A A AR A ROR , T
PEREZE A, PRk T LAY K 3 4~ SM-COOH ¥ il &
(1.0wt% . 2.0wt% F1 3.0wt%) 4 & & # RHRE &, L
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A SM-COOH Ji , 45 b BH i e {8 1 16t 41 46
AL FAAK . % SM-COOH & it it 4 K 3% 7 184
K, X2 T IEHLRIERL T A 2 BELAS TPS 3k
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Fig.4 TG (a) and DTG (b) curves of SM-COOH/TPS composites with different SM-COOH contents
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80 R
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Fig.5 Contact angles of SM-COOH/TPS composites Fig. 6 Rheological curves of SM-COOH/TPS composites
with different SM-COOH contents with different SM-COOH contents
%2 7F[E SM-COOH & EH# SM-COOH/TPS £ & #1180k TR
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