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Fig.1 XRD patterns of MMT(a) and OMMT(b)
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Fig.4 Effect of OMMT on tensile strength and
elongation at break of PLA
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Fig.5 Tensile strength and elongation at break of
CNC/OMMT/PLA composites

100

98

96

94

Mass loss/%

92

90 L | L |
100 200

R/ C
Bl 6 4 PLA(a),CNC/PLA(b),OMMT/PLA (c),
CNC/OMMT/PLA (d) & TG %k
Fig.6 TG curves of PLA(a),CNC/PLA(b),OMMT/PLA(c)
and CNC/OMMT/PLA (d)

2.5 SEM i
4fi PLA,CNC/PLA,OMMT/PLA ,CNC/OMMT/PLA
i SEM B& R WLE 7. inE 7a T7s, 4 PLA 10



30 BN TR R 2222 )

37 &

TR AR A ] 7b H CNC (R4 5% 5%)
T PLA SR Ao B AA 250 A4 PLA B &
I T B INOGH , AT RE S CNC By 3 PLA
AFIE R, B 595 T ACIREE S TR i Te
MEL O], OMMT (Jii 70X 3% ) 7F PLA JEARH A
MR CNC T 22 A BIRIA ; B 7d iR,

FEFBZR N CNC (B350 5% ) FIl OMMT (Jii 43
B 3%)Z )5, CNC 75 PLA SR A 250 5 408k
PETCH B ARk I OMMT ZRAH4 4], 7 R F LR
S I AR X Fh s R R LR P T SR )
FRIZRCARL | 3, 5 e ST B 38 S v [ B A o o i e
MR LR PEREAS 21— R T ZE AW &

7 & PLA(a),CNC/PLA(b),OMMT/PLA(c),CNC/OMMT/PLA (d)#J SEM
Fig.7 SEM images of PLA(a),CNC/PLA(b),OMMT/PLA(c) and CNC/OMMT/PLA (d)

3 % iF

LI I # T — FR IR IR B R LR
ST, PIRP AR AN B SR FLRR R A 42
SRR, AP AOREF R R B R T T R FLIR A BT R
R S I st 1 SR LR AL frf i JEE A BV,
SENE, T R AS PR E R RS PLA 52 55
PP ERERS 2 1 — 24Tt

%M

BMB T B AT EE HE T AR
et x] KX AR B KX SR A
GERE RS E Ak o)

SE .

[1] LASPRILLA A J R, MARTINEZ G A R, LUNELLI B



LRV =

TF 5 OREER 550 10 RFLRR TERE A 31

H, et al. Poly—lactic acid synthesis for application
in biomedical devices:A review [J]. Biotechnology
Advances, 2012, 30(1): 321-328.

L. AW SRR ZLIR (PLA) (A 98 S HAE A 2
UL ]. A TR, 2010(3) : 119-123.

MA L. Research and application of polylactic acid
(PLA) biodegradable plastics in packaging field [J].
Packaging Engineering,2010(3):119-123. (in Chi-
nese )

FORTUNATI E, ARMENTANO I, ZHOU Q, et al.
Multifunctional bionanocomposite films of poly (lactic
acid), cellulose nanocrystals and silver nanoparticles
[J]. Carbohydrate Polymers,2012,87(2):1596-1605.
YAZDANPANAH A, AMOABEDINY G, SHARIAT-
PANAHI P, et al. Synthesis and characterization of
polylactic acid tubular scaffolds with improved mechan-
ical properties for Vascular Tissue Engineering [J].
Trends in Biomaterials and Artificial Organs,2014
(28):99-105.

MATHEW A P, OKSMAN K, SAIN M. Mechanical
properties of biodegradable composites from poly lactic
acid (PLA) and microcrystalline cellulose (MCC) [J].
Journal of Applied Polymer Science,2005,97 (5):
2014-2025.

ANDERSON J M, SHIVE M S. Biodegrada tion and
biocompatibility of PLA and PLGA microspheres [J].
Advanced Drug Delivery Reviews, 2012, 64, 72-82.
FUKUSHIMA K, TABUANI D, ARENA M, et al. Ef-
fect of clay type and loading on thermal, mechanical
properties and biodegradation of poly (lactic acid)
nanocomposites[ J]. Reactive and Functional Polymers,
2013, 73(3): 540-549.

A, A, BARH. SEREEREEL Gemini KM
TR R RS [J]. ROUOE M By
R, 2006, 52(2); 159-162.

GAO Z N,LYU B, WEI J C. Synthesis and property of
biquaternaryammonium salt surfactants with ester bond
[J]. Journal of Wuhan University; Natural Science
Edition,2006,52(2) : 159-162. (in Chinese)

LU P, HSIEH Y L. Preparation and characterization of

cellulose nanocrystals from rice straw[J]. Carbohydrate

[10]

[11]

[12]

[15]

Polymers, 2012, 87(1): 564-573.

KT, RS, PE, SF —4ERRRAUKRET 4R
BIerg e [J]. i 5565 54, 2011,31(4)
1097-1100.

ZHANG L P, TANG H W, QU P, et al. Spectral
property of one —dimensional rodlike nano cellulose
[J]. Spectroscopy and Spectral Analysis,2011,31(4).
1097-1100. (in Chinese)

SURYANEGARA L, NAKAGAITO A N, YANO H.
The effect of crystallization of PLA on the thermal and
mechanical properties of microfibrillated cellulose—re-
inforced PLA composites [J]. Composites Science and
Technology, 2009, 69(7). 1187-1192.

JONOOBI M, HARUN J, MATHEW A P, et al. Me-
chanical properties of cellulose nanofiber (CNF) rein-
forced polylactic acid (PLA) prepared by twin screw
extrusion [ J ]. Composites Science and Technology ,
2010, 70(12): 1742-1747.

Wk, EHRAL, FRIbE B, S0 L2, TERE M H
PEFFEBUIR (], il TR AR R 22441, 2011, 25
(1): 65-70.

YANG K, WANG J C, ZHENG X Y. Current study of
structure , property and modification of montmorillonite
[J]. Journal of Shanghai University of Engineering
Science,2011,25(1): 65-70.(in Chinese)

JO B W, PARK S K, KIM D K. Mechanical proper-
ties of nano—MMT reinforced polymer composite and
polymer concrete[]]. Construction and Building Mate-
rials, 2008, 22(1). 14-20.

KARGARZADEH H, AHMAD I, ABDULLAH I, et
al. Effects of hydrolysis conditions on the morphology,
crystallinity, and thermal stability of cellulose
nanocrystals extracted from kenaf bast fibers[J]. Cel-
lulose, 2012, 19(3): 855-866.
DA, DN R, SF RALR/A LS A
KA =2 AR A SR AE (). AR IR,
2008, 31(4): 48-52.
ZHEN W J, MA X H, YUAN L F, et al. Preparation
and characterization of polylactic acid/organomontmo-

rillonite intercalation nanocomposite [J]. Non—Metal-

lic Mines,2008, 31(4). 48-52. (in Chinese)



32 I TR K2R 37 4

Effect of cellulose nanocrystals and montmorillonite on properties
of polylactic acid composites

LI Yang, WU Yao, QIN Hui-ting, ZHANG Qi, LI Chao, LIU Zhi—tian
School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430074, China

Abstract ; After modifying cellulose nanocrystals(CNC) and montmorillonite(MMT) organically, a series films,
including pure polylactic acid (PLA), CNC or organic montmorillonite (OMMT) modified PLA, and CNC/
OMMT mixed-modified PLA were prepared. The chemical structures of PLA and PLA composites were char-
acterized by FT-IR. The effect of CNC and OMMT on the mechanical properties of PLA was studied by ten-
sile test. The results reveal that the additions of CNC and OMMT improve the elongation at break and tensile
strength of PLA respectively, and CNC/OMMT mixed—modified PLA shows better properties than single addi-

tive—moditied PLA. The result of thermogravimetric analysis shows that the thermostability of PLA is enhanced
by adding OMMT, while is reduced by mixing CNC. The surface morphology of the films was observed by
scanning electron microscope. The images show that CNC and OMMT disperse in PLA evenly, and OMMT
presents sea island structure in CNC/OMMT mixed-modified PLA film.

Keywords: polylactic acid; film; cellulose nanocrystals; montmorillonite; composite
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