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Fig.1 Esterification of cellulose nanocrystals with
glutaric anhydride
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Table 1 The number and formula ingredient list of

PLA blend film
e e PLA ik /g CNCH& /g  ECNC Hl& /g

PLA 1.00
PC1 0.99 0.01
PECI 0.99 0.01
PEC3 0.97 0.03
PEC5 0.95 0.05
PEC7 0.93 0.07
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Fig.3 Ultra-depth-of-field microscope images of pure
PLA film, PC1, and PLA/ECNC blend films
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Fig.4 Light transmittance of pure PLA film,

PC1 and PECS blend films

3.4 HEHW

BRI ff & W AL 2 AR A R B, 3 i ot
TR PR MR ARAS | AR R S R . R,
Gy M A REXT S S MR I T A S L, 2l
PLA JE PC1 J PECS IR TGA 4 anl#l 5 o o

120

100 |

80

60

weight/%

— —ffiPLA;
400 .. pcl;
— PECS5

20+

L L L Y — X —r—ar——r—w
0 100 200 300 400 500 600
temperature/ C

5 ZiPLARE. PC1 R PECS #RBER) TGA thik
Fig. 5 TGA curves of pure PLA film, PC1 and
PECS blend films

Hi &1 5 AT AL, 26 PLA BRI EE (T,)
289 °C, HAHA - IIIHEBTE, 1E 289~370 Cili
RN AIEF 2l PLA B, MR T, &84 i Tt
H PECS W T BB s . TR R ARAS e P i i =y vl
I T CNC Jki A, #£ PLA/CNC HUS B AE7E
/DYE CNC FHIER A, (H CNC SRR (A1 42 [ 254
BER ) 43 B S B U A P T D 5 SR 0 B
ST R s e U, 4l FR Ak i Mk IS ECNC
5 PLA AN ZS Gk Bk — e, — e R
il T PLA 43 F859ia g, {ff PLA/ECNC (iR E M
3¢ PLA/CNC il 5 .
3.5 KiEfum A

Pl A O SR T 3 3 YR AR I -5 1 5 v oy e
IR, B TR AR R Z R A M S
B, 4 PLA 5. PC1 2 PLA/ECNC 3R JIE At 7K 2 fi

e

%

~
atoetatetotetetels!

XHH AR

FAnE 6 Fis .
&l - . e
1 e P!
]
2082
bIRA] % %%
| 0%k KX PAXY 0% K6
60 1 A ] B B B
_TE ] B BB
z oetex 5SS o055 b
0050 ] P P 38
5 %] PR3 2ol P& oy
= 1000 %N PSS PR3]
O 45} k4 B B B
Z s £ R R3] Soiee
g % L0 3R] oSo%e 2%
Rotolst A0 oo, P pod
25 PR ] e o
KR35 2e%e%! XK R3] K555
R £ 5] PR 500
301 B opoesk XK otk g
oo L% oo £33 p3d

X"
R
X
%
o2

RB%
0!
020

o

XX
o

o
X
Sede!

SRR
deZetetote
S92020-9-0.4
R
L
0000
IR
0.0, 0.0. 0
S
KKK
XXX
SRS

29209~
X%
0:
‘0‘0‘0‘:‘:‘0‘0‘0‘0‘0‘0‘ X
o X
XX
> X2
XK
SRS
XX

a4

%
3%
202

X
%S
0%
&KL
e2e2e%e%e

X

'S
%!
X
99,
R
e
poss3es
pRete

KSR
loteds
2

X

2920704
35
fote%

D
BOOKS
RELEL

o
XX
XX
9
2ol

P
R

P!

=
>
o
(@]

ECl PEC3
i

6 #iPLARE. PC1 R PECS HiRIRMIKIEMA
Fig. 6 Water contact angle diagrams of pure PLA

film, PC1 and PECS blend films

mE 6 A1, 4l PLA BEAY KMl ff R 73.02°

o}
m

C5 PEC7

-12 -



&=
05 I RIAR / BULARRAKRBLRBILETR

A CNC J5, Hfilfa MR, X2 CNC £l &
AFER R, RIHEKM. X PC1 5 PECI A]
HI, CNC &BEfb)E, SRR, f§ PLA/ECNC Y
K fim 14 PLA/CNC ¥4 K {HFf#E ECNC 7% i3
i, PLAJECNC 7K 4% fih ff) 52 2 sl Ny ia 3, X
R CNC 223 TRk, BCNC 25 KA &+
PLA, H& e hnsg/N PLA/ECNC 7Kl
3.6 NFEHEESH

AP SEVETODIPNESS AR Fe ety A iOpA s e
4fi PLA X . PC1 & PLA/ECNC IR I AY 125k g n
7 Fiso

80

b
Bo

| 1
7 /] _PEC5
60
- sol L PEC7
g | |1 PEC3
7 30F
20
1 1L pECI
107 4fiPLA—
0 3 6 9 12 15 18

strain/%

a) NN AR ik

80

70t b % gﬁ

o 6OF 1 1 % % %

SEOH

il
) e

XX RS P tek P& P
PLA PC1 PECI PEC3 PEC5 PEC7
FhS

) Wi

200 +

tensile modulus/MPa

100 +

0 NN N RN
PLA PC1 PECI1 PEC3 PEC5 PEC7
PR

d) s
7 S PLAME. PC1 B PLA/ECNC BB hZEtE6E
Fig. 7 Mechanical properties of pure PLA film,
PC1 and PLA/ECNC blend films
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Abstract: PLA/ ECNC blend films were prepared using polylactic acid (PLA) as the matrix and esterified
cellulose nanocrystals (ECNC) as the additive. The effects of cellulose nanocrystal (CNC) and esterified cellulose
nanocrystal on the light transmittance, surface morphology, thermal stability, hydrophilicity and mechanical strength of
PLA films were investigated. The results showed that the compatibility of ECNC with PLA was increased, and the light
transmittance, thermal stability and mechanical properties were also enhanced compared with CNC. Esterified cellulose
nanocrystals reduced the hydrophilicity of CNC, thereby enhancing the interfacial adhesion with PLA. In addition, the
content of CNC in the PLA blend film was increased from less than 1% to 5%. The PLA/ECNC blend film has potential
in the field of packaging plastics, and provides a simple and feasible method for the preparation of biodegradable
packaging plastics with better performance.

Keywords: polylactic acid; esterified cellulose nanocrystal; blend film; mechanical property
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