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Abstract: Polylactic acid (PLA) is an eco-friendly biodegradable plastic and mainly used as food packaging materials
and 3D printing filaments. In this study, the physical properties of PLA composites filled with cellulose nanocrystal
(CNC), an environmentally friendly natural filler, were investigated. The PLA/CNC nanocomposites were prepared by
melt mixing and compression molding. The tensile properties, impact strengths and thermal properties of the PLA/
CNC nanocomposites with different CNC content were measured. As the content of CNC increased, the crystallinity,
tensile strength and tensile modulus of the nanocomposites increased, but the glass transition temperature, cold crys-
tallization beginning temperature and elongation at break decreased. Impact strength was the highest at the CNC con-
tent of 1 phr.
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Figure 1. DSC curves for the PLA/CNC nanocomposites with var-

ious CNC contents.
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Table 1. Thermal Properties of the PLA/CNC Nanocomposites
Obtained from the DSC Curves

CNC -
content I. AHe Tw Tw AH, Crystallinity

Tg
@by (O (O () O €O () (%)

0 60.70 116.4 1826 146.8 151.3 -18.87 20.29
5856 111.6 21.82 1449 1513 -26.10 28.35
5733 111.2 23.73 144.0 149.8 -27.56 30.23
55.88 110.7 25.66 144.1 150.1 -28.35 31.40

W N =

o7} oF7F 7h231th o) CNCol| 289 A2z g
o] AR} 7haA] ke §7) Wi o g AlEHETh 3t
F&Ew H]5gk FekS H9Et o= CNC

AAstE Eobe A 9L 5Hl7] wiol
O 92 2rox WA sE AlztE e AeR & 5 9l
ok AH, ¥ AAslew CNCE| dhdo] S71e o o] F7t
st o] CNC7F PLAS] 243} S mofe X9
A 9L 7] WEFo2 B 7 Ik DSC FA oA
150 °C 729 8§ 2&=olM¢] 52 v=7t + 7HQ AL &
Ae 4 Ut ol= PLAS] WZHAA st HAolA AR ] +
27t OE F SF A%l ANE Ae=E B 4 9tk PLA
o] T Al #EEHE YA g ] gt ATES 2 B

ot

N ]
i

ox

Lo
>,

X

¢

N
-
5
T
N
o
i

A7) A3t fA 8 ME FE W= F AL
AL Y 5 Qv ol T2} UE F ERe) 24 )
B9 Qo2 ST & Urk

Figure 20| <7k PLAS} PLA/CNC W3 59| F4
=g YeRI AT 578 PLAY] SA7 == 58.6 /mo|3
3L PLA/CNC WeEdA 89| 47 %= CNC 9Hgo] 1 phr
A 643 J/mel e ol 5% PLAY H47 % tiH|
9.7% S718lA5-2 HERITE. CNC 3% 1 phollA] F247=

100

80

40

Impact strength (J/m)

20

0 T T T v T T T
0 1 2 3

CNC contents (phr)

Figure 2. Impact strengths of the PLA/CNC nanocomposites with
various CNC contents.
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Figure 3. Tensile properties of the PLA/CNC nanocomposites with
various CNC contents.
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Figure 4. DMA curves for the PLA/CNC nanocomposites with var-
ious CNC contents.
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