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Effects of inorganic materials on mechanical properties and heat resistance of PLA/PBAT composites
KANG Lishan', YANG Mingjun', SHANG Faming’, CHEN Jia', LI Hongtao',ZHANG Yeming', TIAN Li'
(1. Institute of Polymer Materials Theory and Application, School of New Energy and Materials , Southwest Petroleum University ,Chengdu 610500,
China; 2. Senyan New Materials Technology Co.,Ltd.,Chengdu 610305, China)

Abstract : To enhance the mechanical properties and heat resistance of polylactic acid (PLA)/polybutylene adipate (PBAT)
composites, using epoxy soybean oil (ESO) as a compatibilizer, and simultaneously compounding nano-montmorillonite (MMT) and
micron-sized talc to construct a double-filler systems, the PLA/PBAT/ESO/MMT/talc composites were prepared via melt blending.
Combined with mechanical properties test, differential scanning calorimetry (DSC), thermogravimetric (TG) analysis and Vicat soft-
ening temperature (VST) test, the influence mechanism of compatibilizers and double fillers on mechanical properties, crystalliza-
tion behavior, thermal stability and heat resistance of composites was systematically investigated. The results indicate that ESO
significantly enhances the toughness of the composites by improving interfacial bonding between PLA and PBAT, and the elonga-
tion at break and notched impact strength of the PLA/PBAT/ESO composite materials reached 90.28% and 19.04 kJ/m? respective-
ly, which were significantly improved compared with pure PLA. The synergistic effect of nano-MMT and micron-talc further opti-
mizes the properties the PLA/PBAT composites. With MMT with a mass fraction of 6% and 3 phr talc, the elongation at break
increases to 209.34% and the notched impact strength reaches 53.97 kJ/m?. The improvement of toughness stems from the coordinat-
ed regulation of the induction of shear yield of the matrix by the double fillers and the crack propagation path. DSC analysis

confirms that the dual fillers promote PLA crystallization through heterogeneous nucleation, achieving a crystallinity of 26.42%
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under this formulation, which provides a structural basis for improved heat resistance. The VST test results reveal that the VST of

the composite modified with MMT and talc reaches 117.9 °C, indicating that the synergistic interaction between the inorganic fillers

significantly improves the thermal deformation resistance of the material system.

Keywords : polylactic acid ; poly(butylene adipate terephthalate) ; high toughness ;

tance performance ; composite
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Tab.1 Formulation of PLA/PBAT/ESO/MMT composites(mass

fraction)
%

Samples PLA PBAT ESO MMT

PLB 65 30 5 0
PLB-M2 63 30 5 2
PLB-M4 61 30 5 4
PLB-M6 59 30 5 6
PLB-M8 57 30 5 8
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Fig. 1 XRD patterns of composites
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Tab.2 DSC related parameters of PLA composite materials

Samples 7,°C T,°C T/°C AH/(U-g) AH/J-g) X/%

PLA 59.69 174.07 99.25 3.29 1.05 3.54
PLB-M6  62.33 173.78 101.89 12.85 6.67 23.42
PLB-M6T1 61.23 175.26 106.70 10.6 8.47 19.65
PLB-M6T2 61.34 176.11 107.06 10.88 9.39 20.52
PLB-M6T3 60.57 176.23 108.93 13.76 12.15 26.42
PLB-M6T4 61.05 175.92 109.75 9.66 8.80 18.89
PLB-M6T5 60.93 176.54 109.42 10.16 9.08 20.22

Notes: T}, is glass transition temperature; 7, is crystallization temper-
ature; 7, is melting temperature; X_ is relative crystallinity; A/ is melt-

ing enthalpy; AH._ is enthalpy of crystallization.
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Fig. 5 Cross-sectional morphology diagramof composites
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JE# 4l PLA A B 4R T, SUFCRHME T 2 & 4k
T BT T 8.17°C, T #&T+ T 11.44 °C, X & H
PLB6-T3 4173 th B TCH LR A IR R A 345053
B, 0 PLA R T RO A A, Lk S B 4R i, e
PES RN LT B A MR T, B8 PLA 35 27t
A T 429.16 °C, X & A R A W4y T 551l
TEMMT WY R JZ 450 3 T — 2 i FR AR, 1

KT,z T4l PLA,
R3 EAMBHAREREXSH
Tab.3 Parameters related to thermal stability of composites
C

Samples L L T
PLA 313.33 363.17 383.83
PLB-M6 319.67 367.25 427.50
PLB-M6T3 321.50 374.61 429.16

Notes: 7, ., is initial thermal degradation temperature; 7' is maxi-
mum thermal degradation rate temperature; 7, , is final thermal degrada-

tion temperature.
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