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Abstract
Opal-methacryloylpropyltrimethoxysilane-polystyrene graft polymer (opal-MPS-PS) was synthesized using coupling method 
and solution polymerization. The results of orthogonal experiments showed optimum reaction conditions including: polym-
erization time of 4 h, catalyst at 0.03 g, reaction temperature of 80 °C, and styrene volume of 4 mL. Moreover, the structure of 
opal-MPS-PS was characterized by Fourier transform infrared spectroscopy, X-ray photoelectron spectroscopy, and scanning 
electron microscopy. The results demonstrated that PS was grafted onto opal-MPS. Furthermore, poly(lactic acid) compos-
ites (PLA/opal-MPS-PS) were prepared using opal-MPS-PS as filler by melt blending. The results of mechanical testing 
showed that the impact toughness of PLA/opal-MPS-PS composites was increased by 50.5%. The rheological behavior and 
morphological analysis showed that PLA displayed high interfacial compatibility with opal-MPS-PS. The polarized optical 
microscopic and differential scanning calorimetric results showed that opal-MPS-PS with heterogeneous nucleation effect 
improved the crystallization properties of PLA, and enhanced toughness of PLA. The flame retardancy test showed that 
the thermal stability and flame retardancy of the PLA composites material were improved compared with PLA. Enzymatic 
degradation tests showed that opal-MPS-PS had an inhibitory effect on the degradation of PLA. In all, this study provides 
a promising method to improve the comprehensive performance of PLA through organic modification using opal as filler.
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Introduction

Poly(lactic acid) (PLA) is a biodegradable polymer [1], hav-
ing poor impact toughness and crystallization properties, 
which greatly limit its application scope [2]. Therefore, there 
is an urgent need to explore methods to improve the tough-
ness and heat resistance of PLA resin.

Addition of inorganic minerals in plastics as fillers is 
economical and widely used to modify plastics [3]. Zhang 
et al. [4] proposed that the properties of a powdered mineral 

particles-filled composite were affected by the state of bond-
ing of the polymer matrix with its surface and its state of 
dispersion in the polymer. Amjadi et al. [5] reported that 
the surface of a non-metallic mineral filler with hydrophilic 
functional groups is non-polar, whereas the surface of the 
organic polymer had hydrophobic groups with polarity; 
therefore, they display poor compatibility. The agglomera-
tion of mineral powders is a problem when mineral pow-
ders are used as additives by blending with plastics. The 
most effective way to improve the interfacial compatibility 
between fillers and polymer is to modify the fillers’ surface 
[6]. Surface modification of inorganic fillers promotes the 
dispersion of fillers in the polymer, thus enhancing the effect 
of the filler and the comprehensive performance of polymer.

High performance of organic/inorganic hybrid com-
posites can be achieved by modifying the surface of micro 
or nanoscale inorganic particles [7]. This is the combined 
advantages of two substances. Especially the grafting of 
polymer on the surface of inorganic particles can endow the 
particles with many new properties, such as amphiphilicity 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1372 6-019-00777 -5) contains 
supplementary material, which is available to authorized users.

 * Weijun Zhen
zhenweijun6900@163.com

1 Key Laboratory of Oil and Gas Fine Chemicals, Ministry 
of Education and Xinjiang Uygur Autonomous Region, 
Xinjiang University, Urumqi 830046, China

https://link.springer.com/article/10.1007/s13726-019-00777-5

http://orcid.org/0000-0001-9225-489X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-019-00777-5&domain=pdf
https://doi.org/10.1007/s13726-019-00777-5



