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Development of Environmental Friendly Nanocomposites
using Poly(lactic acid) and Nanomer®I.44P

Won-Ju Cho, Key Whang, and Jun Tae Kim*

Department of Food Science & Technology, Keimyung University, Daegu 704-701, Korea

Abstract Biodegradable nanocomposites were fabricated with poly (lactic acid) (PLA) and Nanomer® 1.44P using
ultrasonication (US). Processing conditions were optimized to obtain the maximum tensile properties of the nano-
composites. Poly (ethylene glycol) (PEG) was used as a plasticizer to avoid the brittleness of nanocompsoties. In order
to disperse nanoclay into the PLA matrix, PEG and Nanomer®™ 1.44P were firstly mixed and dispersed in the chloroform
and followed by ultrasonication for 1 min With 10% PEG 400, tensile stress and Young’s modulus of the nanocomposites
decreased from 53.5 MPa and 2225 MPa to 37.0 MPa and 1757 MPa, respectively, while the elongation was increased
from 4% to 21%. Tensile stress, Young’s modulus, and elongation of nanocomposites were also increased with nanoclay
concentration up to 2% (w/w) and were decreased with further increase in the nanoclay concentration. Transmittance of
nanocomposites were significantly decreased from 62.5% for pure PLA film to 7.8% for 5% nanoclay containing nano-
composites. Water vapor permeability of the nanocomposites was also significantly decreased with nanoclay con-
centration and the minimum WVP of 3.5x10"!'g'-m/m?s-Pa was obtained with 5% (w/w) nanoclay concentration. The
PLA/Nanomer® 1.44P nanocomposites showed a great potential as a environmental friendly food packaging material.
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ratio)s 7KL oA, Lie 2AYE ELAAFS 9 A
2 oL AT, IREHE 5o 7AF B4 W
G4, FE 5o E4 54, 2EAL oy 7R A
A A ATE ol ArHD. 49 (Intercalation) T
1h2] (exfoliation) clayr= A=A o] Hxe] HTS
gt} ¢bds] vE claye] e O 2 ol HEAES
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HEAIA 2R} YeEJAE AT & e =2 Y
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2 A= &0 AHEE 7PHE ol&ste] AEFolE 4
T MMTE W= ZAYZE dlgsle] PLAC &4
© 24 PLA/Nanomer® 1.44P nanocompositesS #|3=5}
Il B4 rkeslth vhie A]e] HEAlRlE 3 P25
ZH= MMT7E PLAC #4to] HE 538l PLA Z5°] 714
3 Se 9IS Bekslara) aiglon HEHow Bk
ol e} Eallls T R 7kE AFEAo] 9k Ui
EAE Axskad & A9 H2o] drk. H7FE nano-
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1. M=z

Poly(lactic acid) (PLA 2003D)e= ZHA " Z(Green Che-
mical Co., Ltd, Seosan-si, Chungcheongnam-do, Korea)ll
A FufEA L, Nanomer™ 144P (dimethyl dialkyl amine
35~40% modified montmorillonite)2} 7FaAZ ARE-El poly
(ethylene glycol) (PEG 200, 400, ¥ 600y Sigma Aldrich
(Youngin, Korea)ollX] #3}3Att. Chloroform(>99.5%)=
4 8k 8H(Samchun  Chemical Co., Ltd, Pyeongtaek-si,
Gyeonggi-do, Korea)ollX] #rlj 3131t}
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2. PLA 2E NZ

7}=A91 PEGE chloroform 100 mLe] B 2wl
23, Ball Miller (Programmable Ball Mill, BML-2,
DAHAN Scientific Co. LTD., Korea)s ©]&3] & o=
£ %t & 4 g9 PLA resin® PEGS} chloroform &%
Aol W oF 6AZF B9 350 rpmeE EFA|A PLA
resin®] $HASHA & ¢ AES SFTh PLA &4 HZ
E(BYTAC®, VWR International LLC., USA)] Z&€¥ £
2225 cm x 13.5 cm)el] Fo] 2F 12A17F 52t hoodol|A] &
S FUAZCRE PLA 255 AXATh PLA Z5
=S chloroforme 7HAl2 ZRg-3le] IFe] 40 4
FE WA7] wizel I §HlE AlAS] flel Rz
(vacuum dry oven, JSVO-30T, JS Research INC., Korea)
E ol&3) 60°ColM 12217 AF AxE AHT

3. PLA/Nanomer® 1.44P nanocomposites M| &
PLA/Nanomer® 144P nanocomposites®] #|Z= PLA 2
5o Az fA8EE 4 PEGE chloroform 100 mL
o ¥, Ball Miller2 o]&3l] 2 £3A171 & Nanomer®
L44PZ 1%, 2%, 3%, 4%, 5% (w/w PLA resin) 2713}
o] PEG/chloroform &%-&No|A nanoclay’} 2 #2HE 4=
NEE 223} (Ultrasonic, VCX 750, Sonics & Materials
Inc, USA)E 137+ X281, nanoclay’| E4HE E3-8-olo
PLA 4 g& 23 6M7F 59 350 ipmeZ E3A1# PLA
resin®] $HsHl H& & JEF SI3UTE AZ¥ PLA/Na-
nomer® 1.44P Eghg-le sE7ke] 7170l 2 2uAEE
53l nanoclay’} PLA matrixolA] 2 B2 4= ==
Atk ©] PLA/Nanomer® 1.44P E31-8-912 E|ZEo] I
frElatol] castingdt F ko] PLA IEA|Ze} o] Az
AFAZ7NE ol 8slo] &7 8ulE AASI. x4 PLA
ZE3} PLA/Nanomer® 1.44P Vh=E3H4| 2] 71A|18)¢l BA4(
e, Ads, B IREH2)S S4sb7] o 25°C
9} At (relative humidity, RH) 50%2] 3+-2-3k57)
(Temp. & Humidity Chamber, BK-TH-500, Hanvack Sci-
entific Co., Korea)ollX] 48A]7F ©]/¢ conditionings 3153 T}
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4. 1HH2 =4

PLA ZE % PLA/Nanomer® 1.44P nanocomposites<]
Q17 = (tensile strength), 217&-&-(elongation), & YEEH
Z2~(Young’s modulus) 5<] 71A1Z0 5442 American So-
ciety for Testing and Materials (ASTM) D3039-00 "Hol
wE} el aL, REsAIEA1E 7] (Universal Testing Machine,
Zwick Z010TN, Zwick GmbH & Co. KG Germany)=
o] &3ttt 4 AlHEL 150 mm x 10 mme] AAFE =
Yoz AN, grip distances 50 mmZE LY,

strain rate 50 mm/min®. 2 It AALEE AXks)
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Al AgEE 254 7= 001 mme] AEEE Zh
Micrometer caliper (MDC-25MJ, Mitutoyo, Japan)S °]
alo] 7k @ o 48] A8l BEghe AT 7t 2
Bo] 71AA BAL Ak 158 ool 4FA A%
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5. ML o ERL

PLA/Nanomer® 1.44P nanocomposites EH ML &=
Chroma meter (Minolta, CR-400, Tokyo, Japan)E ©]&3%
I BF H'“]JJ']'(L 97.75, a=-0.49, ¥ b=1.96)>.Z H7A3}

of M=g 2Pk 7} AHe] Lx, ax, 2 bR 53
W 2459, Hagkd olgste] AT0N T Ae)

943 Alole] AE ERlE B MRol(E)E olele] A4k
4 olg3te] Tt

= (ALY} + (aa)* + (8b)?

A7)oIA] L, a, bis B w28 7} A 2ol
t}. PLA/Nanomer® 1.44P nanocomposites®] FH=E UV/
VIS spectrophotometer (Ultrospec 2100 pro, Hewlett-Pac-
kard Co., Santa Alara, CA, USAYS A3} 660 nmollA]
EAEOS SHTFOZA THAATY,

6. Water vapor permeability (WVP)

PLA/Nanomer® 1.44P nanocomposites &2 +%7] &
F}-&(water vapor transmission rate, WVTR)S ASTM
E96-M96& 578314 25°C9} 50% RH Z7oIAM 557
T3 &4 e o83l 319 Poly(methyl methacry-
late)= A23 F52 ARESl 16 mLe] SRS ¥WaL
FoE 348 255 75 dFHE=46 mmpel L2
Led & FAIE st F235F710l ¥aL 1247
b o 2A%E ZHA 0 ® FEFe] FAIE 0.0001 o] FHY
T2 ZAsITE ARk WSt nE EA%«] A st
st g9 7571 FHEE 73 T, v Aol
upel 57| F25 (water vapor permeablhty)— T3kt

WVP =(WVTR x L)/ Ap

37|14 WVTRS Z&<] Elﬂ]’%(g/mzs)’ Lo P29 7
i Fm), pe BEUYF $57193 (Pa)E UEhdt
olul WVPS] Ao UeBdA] dol =240 ¥
Atolell d= F71¢] Adel olgh Y Gennadios <]
el met BASATY. 7 dF5e] Fake 33w
< AAEle] o2 YER

(1
)

7. X-ray diffraction (XRD) analysis
PLA/Nanomer® 1.44P nanocomposites®ll 4] clay] 4}<)
(intercalation), 2+2](exfoliation) 7= 2 E-Ak(dispersity) 3

Poly(lactic acid)?t Nanomer®1.44PZ

015t wletd L SotAl i 79

SZE XRD (Panalytical Xpert pro-MRD diffractometer,
Amsterdam, Netherland) ¥41-8 53l #2515tk XA 92
2 0.1546 nm®] Cu-Ka radiation®] °]-&=oH, 71574
& 40 kV, A7 30 mAS ARESISITE AEL 4°ColA
0.4°min 270 £=2 20=10-28 3| zko] WeolM =
AE k. 249 3)dv ] Hojakezt (28> Bragg W3
(=2d-sinByS H-&sto] S AR)(d)E 28I

o
ofm
=

| ’—“.
5 7} A3= SPSS program (IBM spss statistics
1.0 431 P<0.05 £5oA AAFE o AFERA

< Duncan el &J5)] £4131% ).
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Fig. 12 60°C =0 2gdx
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A7kl w2 PLA 2
P_r;_ oﬂugaz\ 2 A1Ag-0] W3lE JeRE Ao
A|zbo] Z718ke) wel QTS YRETA
o2 Frlele A quvz—tﬁ, A& Ast
). Casting WS ©14351 A= P

E3ls Bl 7RA AEE s wiiEe] x4
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AATE FFAxE ALk 12417k
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Fig. 1. Effect of vacuum drying on the tensile properties of PLA
films.



A esld fGAl Z FeRe Aol WAL, o
A3l 144]7F o] FRH = =S} YREHTF 05
sk AdpE vttt ol2ig AxE Bl e 21
oA #|Z¥ PLA/Nanomer® 144P nanocompositesS 60°C
FAFZNM 12207 xSt ZRshs 8lE AlA st

2 %

A57] $18l 74AaAl (plasticizer)Z PEG(polyethylene glycol)
£ ARESISITE PEGE Ha 4 wel PEG 200, PEG
400, 2 PEG 600 5°] oM, 10%2] PEGE=S H7lsh
o] PEGY] &0l w2 PLA ZE9] 9= W3S Fig
20 UERNQiT). ExlEke] 2 PEGE AHE 5= PLA Z
2 7HeA A7 23t depETl, 8578 PLA 259
P} YrEH2IT ZH2E 53.6 MPas} 2252 MPadllA]
PEG 200, PEG 400, ¥ PEG 600% 10% #7160 74
§ AP} JrEH = Z7) 38.0 MPaZt 2046 MPa,
37.0 MPa3} 1757 MPa, 2 32 MPa} 1570 MPaZ FA|
Aaeion, FAMCEE ARl AolE YERS ¢
T UAATE WhH A4lE-2 =% PLA ZEo] 4.0%c14]
PEG 200, PEG 400, PEG 6002 10% 3 7}3to] oz}
5.8%, 21.2%, ¥ 36%=2 Z71ES & 4 UAATh

37FA PEG types SolA 21&°] 20%7} Hl+= PEG
400 473t PEG 4009] w0l e A7k=e] Wsks
Fig. 391 UERAAT} 7144191 PEGE PLA resin®] EA}7F
2 SSAA AR 5e ST Ve s
=0l nanocomposites®] 5= S7HIA S STt
A =)o, Q=) JrEsaE sk "ok 43
A ZAXE 7kA10 PEG 4009 7o) 7l wet <l

o
Ayest dugese gashl 51, A9ee Sk

—

2400 —@— Tensile strength

d —O— Young's modulus
c —&— Strain
80
2000 b 60
a
1600 el =g

40
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40

Young's modulus (MPa)
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pd
. /,} 2
A—

Control PEG 200 PEG 400 PEG 600
Type

Fig. 2. Effect of PEG types on the tensile properties of PLA
films.
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ZAS BAFAT) 5%2] PEG 4002 713 Agole <
AT 38.1 MPaZ oF 29%7| 7A3E19a, YREH =
1840 MPaZ <F 19%7} 7HAEIHom, A4S 421%2
5%9% S71sle] o} 7HA] brittledt AEITE AT 10%
°] PEG 4005 7Kg ZAfoe QdEe} dEEdse
37.0 MPa®} 1757 MPaZ ¢F 31%%} 22%7} 7FA3tHA Tt
AFEE 21.2%7F Ho] oF 430%7} SV sk AT 2o
FRA Aol A TS & AUATE PEG 4009
STt 20%F 30%2 S7FEl webA 21382 38.5%9)
442%=2 F7FtaL AL, AT 2 dRETHEE 47
25.1 MPa%} 21.9MPa © 1325MPa$} 1184 MPa® 743}
£ 2SS HAET) Control A1HS 7|02 & o QA7)
T, GREHE 9 AEe] 4 3 FTkske HE2 PEG

4000] 20%Y W& 7|Fo g Zashe A 2k

3. Nanomer® 1.44P 59| G2 QFUL S

Fig. 4= Nanomer® 144P2] H71=E ol w2 g7 =
o] W3lE yeRd Zoltl. Nanoclay?] F=7F 2%7H4] &
71819& wollE PLA/Nanomer® 1.44P nanocomposites®]
AL} REHZTT va STFeIAAL, AES A
7V AR AU, 3%0139] nanoclay’t H7HE S
Aeolle AT, YREYS, B S B ashs
73S H9ith Nanoclay?] =71 2% wWj7kx] 2173H-&0]
A 715 E ©]-f+= nanoclay plateletsoll A A HE
(plastic deformation)°] LSS Ao 2 FZATHY, 24
HYe A5 AGE golsk sk=dl, 2 #4HE nano-
composites?ll Al Z}Z} nanoclay platelets®] 44 W&H-S na-
nocomposites A2 A4 WEl 7o) 217g-&o] TA
solvhs 235 7SS Zlolth kAR, 3% ©1/de] na-
noclayE 371 73-%-9l= nanoclay’} PLA matrixt] ol 4]
Z Ek(dispersion)©] =A] E31H, nanoclay QAo -8
(cohesive forces)o] EoOFXHA A7l dfolg} AzbATH,

re
ot

—&— Tensile strength
—O— Young's modulus | 100
—&— Strain

2400 F 400

2000 +
480

1600
4160
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1200

Young's modulus (MPa)
Tensile strength (MPa)

800 |

400 1%

Concentration (%)

Fig. 3. Effect of PEG 400 concentration on the tensile properties
of PLA films.



Vol. 20, No. 3 (2014)

100 120
—8— Tensile strength
2000 d —O— Young's modulus

- —&— Strain 100
b }d bc
2 (o
g G {80

E~

=
3
=3

bc

C
}// e 160
40 /

b
C 140

Strain (%)

Young's modulus (MPa)
3
3

g
=3
Tensile strength (MPa)

a
400 2k 120

0 1 2 3 4
Concentration (%)

Fig. 4. Effect of Nanomer® 1.44P concentration on the tensile
properties of PLA/Nanomer® 1.44P nanocomposites.

4. Ulirasonication M2 Ao IE QI Yo M3t

PLA/Nanomer® 1.44P nanocompositesS A 2Fs=t] A2
A0)E Fo7 o]FoiZ nanoclay’} 2] =M PLA mat-
rixtolA] sl 4k UAEE 2SI (ultrasonication)
A2 g AT, 223 A2l sElA Al 3087A A
AIBIAAL, 259 A2] A7k whE Nanomer® 144P°] ek
< 2%Z sl A7I=e] WIS Fig 5ol UEMIITE =
w3k A AZko] FTIek) wet Qe YREH A
AR o R FHshs s UeRileH, 30itolxi= 27t
30.5 MPa®} 1582 MPa® 5% A2]¥ 213} Hlasie] of
21%} 15%7F sty 259 A2 E skA] 92 control
A= IFAE) JREHSE FARIEOY AldEo] 5%
nro 2 FA 24 o|= nanoclay YAFEC] PLA resindl]
Z AR AL, & 0)\01’\1 RS AloR A7t
= Akl 1085 2FsIS ol =t
FREHZT} XS] 7E 0}03_’ g2 FA FA3GE
ol ol 251 A AlZke] UF Al =W PLA resin®l
2 B2k nanoclay YAFE©] THA %ﬂ‘:— Aol A7

BN

WA A1go] 7hasHAl HATh Fig. 62 2595 54 A
gt A= 1587F A2 g nanocomposites /\] B ARle=,
AROIA R So] sE7F 220) X2|e A|He] ¢ %
Ho| M1 a, S92 & wf nanoclay YAFEC] #AEHl
k] glont 1577 AEE AlHe] Aol i”qo] 7
A3, FYUSHA] 99| nanoclay YAFEC] FAHUE Ao F

i

2=t} Nanocomposites®] 17 =5 S45= J/} Jof| A
nanoclay YAFE] FHUE FEoA AZo] P2 A=
W2 Fstal A o] dojdtk Ao A7t

5. Color and Transmittance

Fo] w2 PLA/Nanomer® 1.44P nanocom-
posites ZEHe] A E4 Z nanocomposite?] £ HIE
Table 1o L£°F3}it}h Nanoclay®] =7} 5715kl w2

Nanoclay2]

Poly(lactic acid)?t Nanomer®1.44PZ

015t wletd L SotAl i 81

—8— Tensile strength
50 —O— Young's modulus

2000 —&— Strain

200

a

C

a
7 T\
/d\\
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4150
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Fig. 5. Effect of ultrasonication on the tensile properties of PLA/
Nanomer® 1.44P nanocomposites.

Fig. 6. Picture of nanocomposites after the ultrasonic treatment
for (a) 5 min and (b) 15 min.

2313 AL, 4%

Z(L-value)s BAFLE Fo4 UA %

FAP
01’61’01]"1“5 T4 ZFol7b glth A M E(a-value)=
nanoclay®] F=7t 71l w2t o A Aiske A
&S YERL, S E (b-valuey= frolid Al SVl 4

S eIt & A3} (Ey= nanoclay?] S%7F 0%14
3%7HA= freld Al sttt 3%eldelli= frelAl
2}o] 7} ATk, Nanocomposites2] 7FA]534 ol o]
B34S ZAKs7] 918l UV-Visible sepctrometers: ©]-8-5}
o] 660 nmOl|A] trasmittanceE =733t} Table 101]/\1 B
= A9 nanoclay’l E017FA &2 5% PLA 25
FHE7F 62.5%5 YERHIAL, nanoclay®] o] 1%9}
2% A71etE AFolle At 56.1%SF 54.5%7F Ho] oF
10%1A 13%7F 7+42313Att. SHA9E nanoclay®] 3H7Fs=7}
3%X = T30l 13.9%% ©l= controloll Bl °F 78%
7h 2Hghs et Ha 534S WERE nanocom-
posites nanoclayS 5% 7S AoE FIAAFLS 7.8%E
eI ol2]gt E/4E-2 nanoclay®] o] S7F HRF of
UZ} PLA AF&o] ARAICIE F Ale|Z2 AFlgd wet 7]
A2 28-¥ nanoclay Z°] stacking =] AAAHE o|F
o] F Azt 9 Fajert a4k log A7ZMER). Fig 7
< nanoclay®] %o ™2 nanocomposites®] A= L Fr
& YeERZ] 98k ARIS R 3% ©]°d2] nanoclay’t 7t
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Table 1. Apparent color and transmittance of PLA/Nanomer® [.44P nanocomposites

Fig. 7. Photographs of nanocomposites by concentration of Na-
nomer® 1.44P.

H nanocompositesl| A BFHIA S B 5 ASUTh

7. Water vapor permeability (WVP)

Fo] w2 PLA/Nanomer® 1.44P nanocom-
posites®] 57| FI=(WVP) H3}= Fig. 8l UERN S
YWk o 2, PLAE= LDPE, HDPE, PC, PS ¥ PP 72
SehaE Dol vlEl 1 R IR SA4S T
2 Aow AR P, PLA/Nanomer® 1.44P nanocom-
posites®] 57| T == nanoclay?] F=7} S71gl w2k
Zadhe AEe BYvdl, £ PLA filme] WVPER
6.1x10M g'm/m*s-Pacl A, 1%2] nanoclay’} F718 A&
49x10 " gm/m*sPa2 °F 20%7} 7FAEATE E3F 5%2]
nanoclay’} H7F8 7Z9-olE 3.5x10 gm/m?s-Pa2 F 43%
7} sk As o AT oA AeAClE 3
%2 o]F0]X Nanomer® 144PE & 3] (aspect ratio)
2 QI8 PLA9 7+ At wiEY X WellM +57] F3t
g NTE 9L s Ao

Nanoclay2]

8. X-ray diffraction (XRD) analysis
Fig. 9= pure PLAS} 2% 2 5%2] nanoclay’} $Hi-4
PLA/Nanomer® 1.44P nanocomposites®] 243} A5S ®

Concentration (%) L* a*¥ b* E Tesonm (%0)
0 97.4+0.10° 5.11+0.02f -2.83+0.17° 7.38+0.10¢ 62.5+0.74"
1 97.0+0.04¢ 5.0620.02¢ -1.98+0.07° 6.85+0.03¢ 56.1+0.32¢
2 96.5+0.06° 4.90+0.01¢ -1.5440.09¢ 6.55+0.05° 54.5+0.87¢
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Fig. 8. Effect of Nanomer® 1.44P concentration on the water
vapor permeability (WVP) of PLA/Nanomer® .44P nanocom-
posites.
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Fig. 9. XRD patterns of pure PLA film and PLA/Nanomer®
1.44P nanocomposites.

5= XRD pattern YERA Folth. BE AZA 20=
12.3°, 14.8°, 19.0°, & 22.3%J|A] 22 peaks®] HHEA,
16.7° F-ZolA & F2 34 peako] FAFAULE ol= T



Vol. 20, No. 3 (2014)

34 AEl7te EY2 PLAY A2 ZAATRE WA
A Uth= AL vt} AR nanoclaye] H71=E QA
gk vl A0 WskE AVEYS W AR AP+=It v
ElUAl= AT, 5%2] nanoclay’} % 7FE PLA/Na-
nomer® 1.44P nanocomposites®] 7%~ 207} 16.7°14] peak
9] intensity”} pure PLAS] peak intensityol] BIS| FA] %
o Z1o 2 YePT] °]= nanoclay?] H7IE Asle] atE
Zh= PLA®| 2% Fxe ¥spt dojyl7] wiEeleta
TE T Nanocomposites 2730l 91014 718 nanoclay
o] o] HojId4E 1|9 intensity’} Eoj=v A U

]

o (0] =
i =

PLAS} nanoclay?! Nanomer® [44PZ ©]-83F 373 3
3} ¢l nanocomposites= 7] 'Z3FATh  PLA/Nanomer®
L44P nanocomposites®] ‘2 7AZ T FESH= |ulE Al
Ast7] 9l AFAxE ston, 1z Al7ke] gAIZH
7RIS AdEe] FA AAsiion, 2 o]Fole oAkl
2Fo]7F 919tk Nanoclay’F PLA matrixtiollA] @A 3HA|
A7) S8l 229 AE sislem, 233 At
o] SE7HE AT B YEREHZIL STtk A
Helovt 5 ool 253 AHeloxe AlZke] 715t
w2} Y SAE HA AAsISAL, 53] 158 ol 25
3 A& 39S wol nanoclay’t B3 o]
=Att. Nanoclay?] %] 571&<4== nanocomposites2] 7}
AlZA FGollade] F3A (trasmittance)S 62.5%011A] 7.8%
2 TA 743 Th. Water vapor permeability (WVP)=
nanoclay®] F7Fgel wel 7ashs ATS Holn, 5%
nanoclay 7} Al 3.5x10"gm/m*s-PaZ controlol ]3]
oF 43%7F skt

ZAe =
2 3= 2012d% wSHsr|ere AYes 3=
TAG] AREAFARA A AGE ol F3E Z19(NRF-
2012R1A1A1009245).

+

o

o=
Jaol

1. Lotti, M., Fabbri, P, Messori, M., Pilati, F. and Fava, P.
2009. Organic—inorganic hybrid coatings for the modification
of barrier properties of poly(lactic acid) films for food
packaging applications. J. Polym. Environ. 17: 10-19.

2. Lopez-Rubioa, A., Lagaréna, J.M., Hernandez-Muiioza, P.,
Almenara, E., Catalaa, R., Gavaraa, R. and Pascallb, M.A.
2005. Effect of high pressure treatments on the properties of

Poly(lactic acid)2t Nanomer®1.44PZ O]

10.

11.

12.

13.

14.

15.

16.

17.

S5t sty L S8 JH 83

EVOH-based food packaging materials. Innovative Food Sci.
Emerg. Technol. 6(1): 51-58.

. Bean, M.L. 1987. Legal strategies for reducing persistent

plastics in the marine environment. Mar. Pollut. Bull. 18(6):
357-360.

. Kim, E.G, Kim, B.S. and Kim, D.S. 2007. Physical propert-

ies and morphology of polycaprolactone/starch/pine-leaf com-
posites. J. Appl. Polym. Sci. 103(2): 928-934.

. Kricheldorf, H.R., Kreiser-Saunders, 1. and Stricker, A. 2000.

Polylactones 48. SnOct2-initiated polymerizations of lactide:
A mechanistic study. Macromolecules 33(3): 702-709.

. Zheng, W, Li, J. and Zheng, Y.F. 2008. Reparation of poly

(I-lactide) and its application in bioelectrochemistry. J.
Electroanal. Chem. 621(1): 69-74.

. Lim, L.T., Auras, R. and Rubino, M. 2008. Processing tech-

nologies for poly(lactic acid). Prog. Polym. Sci. 33(8): 820-
852.

. Kang, K.S., Lee, S.I., Lee, T.J., Narayan, R. and Shin, B.T.

2007. Effect of biobased and biodegradable nucleating agent
on the isothermal crystallization of poly(lactic acid). Korean
J. Chem. Eng. 25(3): 599-608.

. Lim, L.T., Auras, R. and Rubino, M. 2008. Processing tech-

nologies for poly(lactic acid). Prog. Polym. Sci. 33(8): 820-
852.

Bhatia, A., Gupta, R.K., Bhattacharya, S.N. and Choi, H.J.
2010. Effect of clay on thermal, mechanical and gas barrier
properties of biodegradable poly(lactic acid)/poly(butylene
succinate) (PLA/PBS) nanocomposites. Int. Polym. Proc. 25
(1): 5-14.

Yang, Y., Zhu, Z.K., Yin , J., Wang, X.Y. and Qi, Z.E. 1999.
Preparation and properties of hybrids of organo-soluble poly-
imide and montmorillonite with various chemical surface mo-
dification methods. Polymer 40(15): 4407-4414.

Yoonessi, M., Toghiani, H., Kingery, W.L. and Pittman, C.U.
2004. Preparation, characterization, and properties of exfolia-
ted/delaminated organically modified clay/dicyclopentadiene
resin nanocomposites. Macromolecules 37(7): 2511-2518.
Rhim, J.W., Mohanty, A.K., Singh, S.P. and Ng, PK.W.
2006. Effect of the processing methods on the performance
of polylactide films: thermocompression versus solvent cast-
ing. J. Appl. Polym. Sci. 101(6): 3736-3742.

Gennadios, A., Weller, C.L.. and Gooding, C.H. 1994. Meas-
urement errors in water vapor permeability of highly perme-
able, hydrophilic edible films. J. Food Eng. 21(4): 395-409.
Rhim, J.W., Lee, S.B. and Hong, S.I. 2011. Preparation and
characterization of agar/clay nanocomposite films: The effect
of clay type. J. Food Sci. 76(3): 40-48.

Jiang, L., Zhang, J. and Wolcott, M.P. 2007. Comparison of
polylactide/nano-sized calcium carbonate and polylactide/
montmorillonite composites: Reinforcing effects and toughe-
ning mechanisms. Polymer 48: 7632-7644.

Yourdkhani, M., Mousavand, T., Chapleau, N. and Huber, P.
2013. Thermal, oxygen barrier and mechanical properties of
polylactide-organoclay nanocomposites. Compos. Sci. Technol.
82: 47-53.



e

o~

. Maiti, P, Yamada, K., Okamoto, M., Ueda, K. and Okamoto,
K. 2002. New polylactide/layered silicate nanocomposites:
Role of organoclays. Chem. Mater. 14(11): 4654-4661.

. Rhim, J.W., Mohanty, K.A., Singh, S.P. and Ng, PK.W.
2006. Preparation and properties of biodegradable multilayer
films based on soy protein isolate and poly(lactide). Ind. Eng.
Chem. Res. 45(9): 3059-3066.

. Choudalakis, G. and Gotsis, A.D. 2009. Permeability of poly-
mer/clay nanocomposites: A review. Eur. Polym. J. 45: 967-
984.

o

= .
[

aEN ot 2 gstslAl

21. Gudifio-Rivera, J., Medellin-Rodriguez, F.J., Avila-Orta, C.,

Palestino-Escobedo, A.G. and Sanchez-Valdés, S. 2013. Struc-
ture/property relationships of poly (I-lactic acid)/mesoporous
silica nanocomposites. J. Polym. Article ID 162603.

. Kawai, T., Rahman, N., Matsuba, G, Nishida, K., Kanaya, T.,

Nakano, M., Okamoto, H., Kawada, J., Usuki, A., Honma,
N., Nakajima, K. and Matsuda, M. 2007. Crystallization and
melting behavior of poly (l-lactic acid). Macromolecules 40
(26): 9463-9469.

00:2014.1031/0000:2014.11.17/0000:2014.12.02


Administrator
텍스트 상자   
투고: 2014.10.31 / 심사완료: 2014.11.17 / 게재확정: 2014.12.02



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




