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Preparation and properties of tea waste/PCL composites modified by polymer compatibilizer
GONG Xinhuai'?, WENG Wenyan',ZHAO Shengyun', FU Xingping',ZHAO Xiaojie', WANG Zhenzhen', CHEN Jiayi'
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354300, China; 2. Engineering Research Center of Environment Friendly Functional Materials , Ministry of Education, School of Material Science and
Engineering, Huaqiao University, Xiamen 361021, China)

Abstract : To address the key technical issues of high-value utilization of tea waste (TW) resources and their poor interfacial
compatibility with polycaprolactone (PCL), the polymer compatibilizer of glycidyl methacrylate grafted polycaprolactone (GPCL)
was synthesized by melt grafting reaction with dicumyl peroxide as initiator, the chemical structures of the GPCL were characterized
by using Fourier transform infrared spectroscopy (FTIR) and nuclear magnetic resonance hydrogen spectroscopy ('H-NMR), then
the TW/PCL biodegradable composites compatibilized by GPCL were manufactured by using mixing and injection molding process-
es, and the effects of GPCL content on the structures and properties of the TW/PCL composites were studied. The results show that
the GMA is grafted to PCL chains successfully. The interfacial compatibility , mechanical properties, water resistance , heat resistance
and thermal stabilities of the composites are greatly improved by GPCL. The TW/PCL composites show best comprehensive
mechanical properties when 15 wt% GPCL is added, the tensile strength, tensile modulus and elongation at break are 18.6, 1 053.8
MPa and 16%, respectively, which are higher by 77.1%,20.5% and 50.9% than the composites without GPCL , meanwhile, the vicat
softening temperature is increased by 24.3%, the water absorption is decreased by 23.3%, and the temperature of 90% weight loss
and mass residual rate at 600 °C are improved by 85.9 °C and 51.2%, respectively. The research indicates the self-made GPCL
compatibilizer significantly improves the interfacial compatibilization and properties of the TW/PCL composites.

Keywords : tea-plastics composite ; polycaprolactone ; tea waste ; polymer compatibilizer ; interfacial compatibilization
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Tab.1 Formular design of TW/PCL composites

Sample . .. ™ PCL GPCL
Formulation composition
number mass/g mass/g  mass/g
1 m(TW)/m(PCL)=30/70 54 126
" m(TW)/m(PCL)/m(GPCL)=
2 20/65/5 54 117 9
Y m(TW)/m(PCL)/m(GPCL)=
3 20/60/10 54 108 18
Y m(TW)/m(PCL)/m(GPCL)=
4 30/55/15 >4 9 27
" m(TW)/m(PCL)/m(GPCL)=
> 30/50/20 >4 % 36

Notes: m(TW), m(PCL) and m(GPCL) are mass of TW, PCL and

I

20 mm

GPCL respectively.
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Fig. 2 Appearance of TW/PCL composites
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Fig. 5 Tensile stress-strain curves of TW/PCL composites with differ-
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Tab.2 Mechanical properties of TW/PCL composites with differ-

ent GPCL mass fractions

GPCL mass frac- Tensile Tensile modulus/  Elongation at
tion/% strength/MPa MPa break/%
0 10.5+0.3 874.8+15.8 10.6+1.1
5 14.9+0.5 976.5+4.7 12.3+0.4
10 17.240.8 1013.0+12.8 14.5+0.9
15 18.6+0.7 1053.8+15.1 16.0£1.3
20 18.540.1 1053.2+7.4 16.9+0.6
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Tab.3 TG data of TW/PCL composites compatibilized with GPCL

GPCL mass Mass residual
fraction/% onel C TandC TondC rate at 600 °C/%

0 373.46 396.19 507.77 731

5 373.41 396.82 550.00 8.70
10 374.93 396.94 572.89 9.43

15 375.16 397.49 593.64 11.05
20 374.87 397.72 >600 12.79

Notes: T, ., Ty, and Ty, are the temperature with initial decompo-

sition, 50% weight loss and 90% weight loss, respectively.
3 4ig
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