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Abstract

A low density polyethylene (LDPE)-clay nanocomposite sheet was fabricated with the clay nanoparticles obtained
from the high-temperature processing for porcelain production, and investigated for its gas barrier properties by mea-
suring its oxygen, carbon dioxide, and water vapor permeabilities at 20, 30, and 40°C. Inductively coupled plasma-
optical emission spectrometry showed that the nanoclay was mainly composed of Ca (40.7%). Transmission electron
microscopy exhibited that the nanoparticles were well dispersed in the nanocomposite sheet. Fourier transform infra-
red spectrometry revealed that the intermolecular bonds of LDPE were not significantly affected by the addition of
nanoclay. Diaphragm diffusion analysis demonstrated that the addition of 500 mg/kg nanoclay reduced the oxygen
permeability of LDPE sheet by 33-36% at 20 and 30°C but only by 4% at 40°C, while the carbon dioxide perme-

ability was reduced by

40% at 20°C but only by about 4% at 30 and 40°C. The water vapor permeability deter-

mined by gravimetric analysis was found to be lowered by 12, 32, and 19% at 20, 30, and 40°C, respectively, by

the addition of nanoclay.
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IEAF W=7 EA] E(polymer nanocomposite)= 2] ©]
(clay), B4 Y=%FE (carbon nanotube), A& Z 2~ =92~
7 (cellulose nanowhisker) 52 F& & F7]1€82 Uk
A71Z2 YRS FAA(filler)E ZEAF £A] Yol EAks)

04 ]E(sheet)b]— '—(ﬁlm)’é‘ 53/\‘] Sl 74 [¢) o7 1987 &
Toyota TFAT4 A7ZEC] Y& AL 7hz=ze
(caprolactam)< A 2] 7| o] Esilicate)®] 7ol A ste] 5
ol &3t o]F A AARcz g A7t NYE L

Sl TtHPark et al, 2005; Sorrentino et al, 2007; Azeredo,
2009). 53] S#°]E SAAE AR YA XA E= ARt
4o the g EA R Hsle] Hold B 544
A%, A BAE WA, daA, 7R EA )z
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Aol A EH, o= o] U=gArt o 4Ak
o Hlsle] HFjH o2 & F 3] (aspect ratio)s zZF3L U 7]
&l Aoz LA ArkPark et al, 2006; Sorrentino

et al., 2007; Paul & Robeson, 2008). I Zx7]o&= =4+
F71 &9 Erd 2ol E(monmorillonite)2] &7l VL&
GEA A5 YA T FEATIE ol Bol A
HRou, Hdde Fdo] YedAE @454 A
(thermosets), & 7}44] FH 2} (thermoplastic), 5 3
gk At Atet £9ete] YA IAEE A8t st A
T7F AP E JoH(Gilman et al., 2000; Wang et al.,
2005; Jawahar et al., 2006; Liang et al., 2008).

AU E= F2]o| €A (LDPE: low density polyethylene)vo—
<# A(polyolefin) AIE IEA} 5] shp2A +
I AEA, o Aam] 7L fold 59 AH Oi
of A AF TFAEA 7P de] AR EHI e
/4 aLiEAo] th(Robertson, 2005; Marsh & Bugusy,
2007). LDPE®] 7H¢ & @3 F¢] shte v& AEFx%
8 SRl H]ste] e 7] RS ZEAL Sdtke Alo]
ot FEAGA Y] A AEZ 2 oA E o] E(cellulose
acetate), =¢]2~E] ¥ (polystyrene), 4L 2 6(nylon 6), =2
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o &l Hd| Zed o] E(polyethylene terephthalate) 5 H.TH=
Hojuhu, = Z2]d Y@ (high density polyethylene), =
g ZZ D (polypropylene), Z¥|dedl FZol=
(polyvinylidene chloride) -l H]8A1= & o= th(Robertson,
2005). AH2s, o] 4ksteras, Aol thEk AP 9o AF
RE ZEAHRT =X &tH(Robertson, 2005). o] & 3k

< FHs7] flete] dRbde R & aiExtel 3
%5 (laminated layer)S F33tAY W I8 A& o)
=Hl, °ol= 97t 459 F 820%9 stuolthKim &
Cho, 2008; Pannirselvam et al., 2008).

SLEARE] ZNA| A2 SElo] Ui XA
o 2A FHF O FE F ol BiHA=s,
=3 AL ZTogd, =2 Fo 4, &
o] YA XA ES} SIS W A4 B o|ibsbea 2pet
& 25-50%, FEAHAL 10-15% FFETT B E ATk
(Gilman et al.,, 2000; Zhong et al., 2007; Pannirselvam et
al., 2008; Choudalakis & Gotsis, 2009). o] F3H|7} &
2o =YgAE Qlete] A W 71A| o] EHES
L7538 7 Z(tortuous path)’2] Zol7} F7hEo] EA}F U
71A GAFEETE HAET] g AoR A At
(Sorrentino et al., 2007; Azeredo, 2009; Choudalakis &
Gotsis, 2009). Wetx Z#o] WA EXE A 7|&e 7]
A FHAEE §HH0E 2dst] §ro A4 AEFEH
24 NS 7HsA & e BAA AT 7EEA H
= 2F #3F RopollA] B FEE W ITK(Gilman et
al., 2000; Ahmadi et al., 2004; Marsh & Bugusu, 2007).

2 AFolM = A7 (porcelain) ¥ e FAFEl AL
(1500°C o’hellA FAZE Fdlo] Y=UAE XA Z A
&3] LDPE-Felo] P ZAE AES A0,
ole] Ak, o] ikstekA Bl gratol] theh = (permeability)
2 ME g2 2520, 30 B 40°C)ollA A3zl Fo]
Wi ZAE gl o3t 7At 3 235 48k
o U=HEAES] 23 542 FEAY Soh=vt o
kg 34 (ICP-OES), T34 23 v 7Z(TEM) 2 & 9]
4 (FT-IR)yS ARE-8Fe] 48kttt

(RO

val
=

o]7] fJall AA glo] FHE ZHEES AME-
AZF & A(1500°C o]’)ellAl B9 Fdo] Ye
S 500 mg/kge] F=Z LDPE(Model LDPE 737, 33}
A1-318}, Seoul, Korea) 749} 412 = 280°CllA] 30 =
59t EAZH(heat-press)'A] 0.2 ULZ IR E A EE A2
stttk olw 7171 4 2 IHdF= 2H7F 2,187 kg/m?

o N N

2 158 pm, A EQ AlEEEE 29 343 em’S §-A 5
ok Zdlo] dAE 2HA| 42 LDPE N ES At
272 ARSI ZF AlEe] A= 001 mme] FEUE
£ zte= YAE vlo] A Z2 v E|(Digimatic caliper, Model
CD-15CPX, Mitutoyo, Kawasaki, Japan)S ©]-&3}o] A&
o] FAFe FHE 83 S48t I HAR(1.45 mm)yS
AT
Tdg Setx0p-AAteE 22 24(ICP-OES)
FEAT etz Adg 37 (ICP-OES: Inductively
coupled plasma-optical emission spectrometer, Model ICP-
730 ES, Varian, Mulgrave, Australia)S AF&-3lo] B H
FBARA7IE(MOE, 2009)l weh S#o] fdxte] 4 4
2o g #4E Fdskdnh Fdol dAG g9t &
(3:7=HNO;HCHE &3tate] 105°Col A 2417 B9 71
st &A1 & WY B A HFE AX EFHEAE
Az & vF A4 HFFS EY At Mermut &
Cano, 2001; Yoon et al., 2001; Morshedian et al., 2005).

FIFHAIR0E 24(TEM)

F3}14 218 v 7 (TEM: Transmission electron microscope,
Model Tecnai G2 T-20S, FEI Co., Hillsboro, OR, USA)S
o]-g-3te] Alz¥ LDPE-Zdlo] W= EAE AES] HA|
TXE AFSIATE #FE AL tololE = Zo] g
% ultramicrotome “*](Model EM, UC6, Leica Microsystems
GmbH, Wetzlar, Germany)E ©]-8-3}4 A4 60nme] F+
A2 whdste] FH|sHom, #a Al 7FEEHS 200 kV
2 243 )

HelM 22 2M(FT-IR)

o)A E3A(Fourier transform  infrared (FT-IR)
spectrometer, Model Nicolet 6700, Thermo Fisher Scientific
Inc., Waltham, MA, USA)E AH&-3te] Z#o] U=Yate]
A7 ZEAA] 2] 287 (functional groups)ol] TX]+&
S BFE ATt ATR(Attenuated total reflection) HH2] 9]
FTIR & AFE3190H, 1.465 mm F72] A|RE A}g-3l]
Al 220, 30 2 40°C), 4 27141 400-4,000 cm™ €]
T} (wavenumber) H 9ol A 2HEH S FA4 513

A 31 OSBRI EIIE Y

AP F = (oxygen permeability) B o] AFS}EFATEI T
(carbon dioxide permeability)= 9} 8H5HH (diaphragm
diffusion analysis)= AF&-3te] Al 25%(20, 30 2 40°C)°llA
Skt Aol AHg-E A (diaphragm diffusion
cel)i= Aydt et al.(1991)¢] o|itsteaTdiE 4 WS
Bt A Zetlon, o] = Fig 1o Yepl Aot

37k 1L ¢ f219(glass jar) F NS AEFHZE AE)
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0, or CO, flushing

N, flushing

Flexible rubber cap

1Lglass Jar 1Lglass Jar

Sample specimen

Fig. 1. Schematic of diaphragm diffusion cell wused for
determining oxygen and carbon dioxide permeabilities.

ApoIe F3 03 (O-ring)h S (clamp)E AH8-3f]
At A2 falyole 47| A (Ak B8 o)atsle
)E FHS] S5t AP vbiE DY Fed A

T S
40°CE 2-d¥ QB W3}, gas-tight syringe (Hamilton
Co Reno, NV, USA)E ©]&3l] dA Al 7t4o=z ¢

= FeEolA s0uLe] ZIAX &S AF s AFE 7
]/\]JE’J_Oﬂ EotE A4 " o] AkslErA 9] FE &= thermal
conductivity detector(TCD, Agilent Technologies Inc., Palo
Alto, CA, USA)7} &=2te 7|A A2 vtE 23 3)(GC: Gas
chromatography, Hewlett-Packard 7890, Agilent Technologies
Inc., Santa Clara, CA, USA)E °o|-&3to] 783kt Ak4 &
= =4 Ald= 60/80 packed column (Restek Co.,
Bellefonte, PA, USA)S AR&-3l o, Q89 &%= 60°C,
T (injector)2} 72 7] (detector)S] %E‘: Z}z} 180°C=
FA AT 018 7= BFLE £ 30 mL/ming
A stA L) olgtErA TR &4 A Oﬂt 60/80 Carboxen-
1000 column(Supelco Inc., Bellefonte, PA, USA)S A}&-3}
Rom, 2B 5= 30°CAA 5T FAAIR &, B
20°CH &2 180°CellA 87 FAISIATE T HE
719 2k B oo]e 7IAl 2L At A A9t §YS
A FrA A
SA471A Bitol ot AgE Fast FHSolA ¢
fFrelos olFstn® & fel HolM e 714 &
% A7kl whet WEkH, o= B1A /A gl (unsteady-state)
ZIAFHE vepdith 22y, Autst J‘ﬂ‘ﬁ o]_Q_ﬁ]- 71
H= ALRE flstd, HA Z7IAFANT F DAL
73l (steady-state)®] 71 A F27} LA E?}E}% e

b

oft 24 1o _IIN‘

rg -{m

494 - st

7V4sek A dEol A Satel 93t 7121 %F 3= Fick's
I* Lawoll A 59 th2-9] 2402 vehfoizith

du _ I" A

T~ (P Py (1)

'

7141¢] B3 (mL), =A17Ks), P, =
SR (), LA B2

714 U=Fzd 54
71 A ¥ = (mL/m-s-Pa), A=F

(m), P, =2= F2¥ W FA71A FE3H(Pa), P,=+=
Fel W) ZH7)A PR PayS v Fieh. A dEe] 7]
AEAE 7S o, 2= FelHdA e SH7A e FAa
g9 9= fEgolM e SH A T 247t o

o] & Aoz gIdAL

1 dUout 1
= - 2
T ey - @)
1 dUin 1

TR AT ©)
q714 v, =35 FEH e B9mL), V, == f2E

o] #9(mL), U, == F2% ~7e,71zH -3 (mL),
U,=55 F8%8 W SA71A¢] F9(mL), t=A17Hs)=
ot $19] Al )3} Dalton?] E<9te] W2 & ARS8l
o] mlEg o] ettt

’

Q(E{m_%) z_(__l_+_1_)_f’g_ép (E{m_Hi_n) @
de\v Vin Vout Vin L B Vout Vin

3714 Py=FEHAYE(1 atm = 101.325 kPa)S 2] v] 3}

o, 9] 48 ARl TS S el
Uout _ Ej_lll '
R CRCLLTI
5, -,
NAFEZ7T AZE 7] FA t=0d off, = 28 W =
719 Fele A5 el ek Zoem(U,, =V,

9= gEjgor Eabg 2737} gloRR (U, =0), 21(5)

o el 271208 AR 5 3
Ugut U.
=% =land|=—) =0 ©6)
(Vou)O (Vin)O
T3 T3 Fole U el V2 U el zpelef oz
g o) 2] AR,
Uout _ Vout_Uin
Vo T TV ™

out

A, 26) B (NS ol &

out

sted H(5)F el Aoz
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|: \ out Vin)Uin:| (Vout+vin) L PTt (8)

olwf, U, ol +& fElHelr 54 E GC chromatogram

o] WzRA(A ol M BT 7S Thee] B Aol
=

A .
U. = —RI_y 9
n (Ap,out) out ( )

A7 (A0 271(t=0) 25 Fe W 24714 2]
AR (@Y A EE olisidie] YA o
gtk 9 4 o8t 2@ thEe] 4o ¥EY
& 9l

:_(1 +L)—f’g—Ath (10)

p.in
v Voul Vin L

1
Vout )(Ap ou)o 0"[
AE 9 TAHA S o]&sto] 9 A9 UGS AAFstL
ol FHAIZE ol tellA] TS A e e FaoF
Az F7kllA Zde] dojAl=d), o] APNFE AT
3] AE A (linear regression analysis)3le] LR 7] & 7]
(slope)ZHE 2H7NA 9] EHREZ tfg3 7] AR 5=

lnl—

e

At
]§g = _ lL x slope an
APT( o
out m
RE APl AFIHAAL AHARE) 095 o]l
ol gtk

FHE-E 35 (water vapor permeability)= ASTM E 96-65

EEAEH 71%3}4] cup methodS ©] &3 T3 =AW
(gravimetric analysis)>- 2 3 3} THASTM, 1995). S5
AL W7ol 65.66 cm, Zol7t 8em FrEl AAZE A&t
om, NEE Q¥ AHZE o]&sto] H St 124
SFATHFig. 2). o, 3 Wi-ol 90°ColA 24A17F FF 7
ZA1Z 9 824 (anhydrous calcium chloride)s 354
2 9o YF dHEEE %= FAAeH, A<
A& 7HA2 13 mm=E st it FH7F s A
F2o] ®AZ 3386 cm’2 SE U S E FEHe 2
At Eﬂ”g-"” (saturated magnesium nitrate solution)
o2 Alg=s 24T dAACIH A Yol 20, 30 2
40°Cell A WA 0}93\9—”4(74 2EA s w2 247
54, 51 B 48%), ™ 24r|7F kAo BFFe] A 7t
& 43kt

TEEI( p w» gmsPa)= %

A

g gele] Falel o

d 95

v v

Sample specimen Anhydrous CaCl,

(RH 0%)
Desiccator

\ Saturated magnesium nitrate solution /

Fig. 2. Experimental setup for determining water vapor
permeability.

FEFHE UeRlE tH59 Ficks 1% Laws o]-8-3to]
= ool A4S ARkl A4 s

p - L _(100)(dw
by - (02 )

o714 A=FREFHHH (%), P'=7t 2Eo)x ] 23l
<713, L=AES] F7(m), RH =7} 2=0|A 2] AddiHE,
dw/dt= A7kl & F57 0 FA S7HS o]tk
SAXE

#2233 o] WEAYS Foto] Ft VIAFHAEE

2FE3190 2| SPSS program(SPSS Inc., Chicago, IL, USA)
9] Student’s t-tests ©]-83td p<0.059] FelFTolAl A
H S v st

e

Ao

20| LcXt =4

AR-E Ed0] YieYAE ICP-OESE #4133 A3} Al
B, Ca, Fe, K, Mg, Mn, Na, P, S, Si, Zn 5 12%2¢ ¢
27} AEE A THTable 1). Ca©] 40.733%% Yi=dAte] F
AES o] FL ANeH, I thF o= Na ¥ Sio] 747t

o_"e

Table 1. Composition of clay nanoparticles determined by ICP-
OES.

Composition (wt%)
Al B Ca Fe K Mg
0.099 0.001 40.733 0.102 0.109 0.935
Mn Na P S Si Zn

0.015 2.808 0.002 0.007 0.159 0.001
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Fig. 3. TEM micrographs of (a) LDPE-clay nanocomposite and
(b) neat LDPE sheets.

2.808 2 0.159%= FAE s
B AT ARREE A7) A A S AAE Fdlo) Yk
(e}

UA= dtE o2 ARREE Sio] FAAEQ ERd o)
E(Davidovic et al, 2011)%}= o 2 2L 2 IS5

shelaisyt.

H-HEZXE AE 0T

EY) ) 2ol Bele) theginiel o
£ TEMe| §8% Ao %eid Ark(ung & Chang

2007; Monticelli et al., 2007). #|Z¥ LDPE-Z# o] yYx=H
FAE ANES} F¥o|7F £FEA e tjZ2T LDPE A E
°] TEM ARl ZH2} Fig. 3(a) 3 3(b)ell WERAATE. rﬂ =
Tof 2] YA EZAE ARl AL HEe] #EHA

o], ]= LDPEd &9 F#o] YeYdAs Yepdth Flg.
()2 B3t ¢F 77-80nm =71 Fdo] Y=YAtEol
LDPE 3 dje]l 2 #aks]o] &8 gl

Y - BEst

100
90
80 4
g n
Q J=30C
2 80 Yeior
s :
£ 50 <50t /-
&
20 1 1463.7
10 4 7193
0 20151 28477
10 . . . . : ’
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm)
(a)
100
90 4
80 430t
—_ 4t s
§ m* 1363.4
g 1
c
8 91
k=
£ o [
£ g
.g ] 1463.8
20 1 7192
10 4
2847.7
04 215.0
-10
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm™?)

(b)

Fig. 4. FT-IR spectra of (a) LDPE-clay nanocomposite and (b)
neat LDPE sheets.

FT-IR 24

A Z¥ LDPE-Z# o] YA XA E A|ES} o7} X
hE)A] g2 U= LDPE AlE9] FT-IR 2 ERS 7hz}
Fig. 4(a) B 4(b)°ol YERATE BE A 8|4 LDPEE
T3k DA (-[-CH,-CH- ) A9l ¥ 24812
] 24 == C-H, CH, ¥ CH,2] d3ZQ a7} Fely]
Atk F =HEH BT Fyo] Yxdzte] At AAR
o] T3 vl 7He] F FHolM S AR w27t HF
A=, 2,847-2915ecm™ oA 2] C-H stretching ¥ 3.9}
1363 2 1463cm™olA ¢l CH, @ CH, bending ¥ =,
719 cm™o| A1 2] CH, rocking vibration I & &1 4 3l
2 Th(Pavia et al, 2001). T 2 E A eERE 7] =9)
g7t FYsithe AS B8l Sdo] =dxte] Hvbt
LDPE®] Z+-§-7]ol 583 °é‘ok° FA FUes AT
I AdAdth F 2HEHS] 13 7= 29| Gulmine et
al.(2002)2] Aol A B nje} ZE‘OI T A= T A
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10.0

I LDPE-clay nanocomposite
[ Neat LDPE Bl

8.0

6.0 4

4.0 4

Oxygen permeability
(mL/m s - Pax107)

2.0 4
m/] lﬂ
20 30

Temperature (°C)

40

Fig. 5. Oxygen permeability of LDPE-clay nanocomposite and
neat LDPE sheets at 20, 30, and 40°C.

AAENEE, H[E 20-30°C 7= 2 Zol7t §lI%L
A9k, 209014 40°CE 257} S7HEe] wel b= EAE
AE9] AL 0.7x10°14 85x10° mL/m-s-Pa®, thET-<]
1.0x1079 4 8.8x10° mL/m'sPaZ % 7}3} % th(Fig.
T & AAFEHRES Frhe 2= FUHse ot
A BAEo] G| A A R AFEe] A At
WAAATF7E AX A F2 W 7AFHETE ST e
LARbA QL 72| Fikol gl F-Th(Park et al., 2005). &
€ 2EAM YeAZAE AN EZ 2R W& A
H=E BYE, o= o vkel o] FEo] Uiy
Zke] A77F LDPE 2k 2 Wl 714 ol $4EE F7}
AlA AEo| Aaaid a3 & F Ave A4S B9
TH(Sorrentino et al., 2007; Azeredo, 2009; Choudalakis &
Gotsis, 2009). Y =A XA E Ao 23 JFAFHE A
e B 2520, 30°C)NAM = 33-36%= Hlw A =A
el ou 40°CollME 4%9  E3eed, ol
Gholizadeh et al.(2007)2] A7 A} o] & TofA]
= 7|A S 2 I EAEF0] S| B R U gt <]
gk AtA At E I HoX A H7| fE o g AlsE &
Ao A Aojz 20°Co A 9] LDPE A% 3%+ Gontard
et al.(1996)°] EI3t Zh(0.5x10° mL/m'sPa)E. T} tf& =
ZAEA=, ol Az Wyt ol A EY &
/gt WH O ztolo] whet Azt wide] debd
T(Gusev & Lustil, 2001), o7 o] 7]7] 8@ o] 43
FR71 W2l Aoz ke

Mo ¥O Mo X

O[AIBIEIAEIE 24

O|MSEAEFEE 2004 40°CE LE7F F713t] u)

3.5

I LDPE-clay nanocomposite
[ Neat LDPE

3.0 A

2.5 4

2.0 +

1.5 4

(mL/m +s-Pax10")

1.0 4

Carbon dioxide permeability

0.5

0.0

20 30 40
Temperature (°C)

Fig. 6. Carbon dioxide permeability of LDPE-clay nanocomposite
and neat LDPE sheets at 20, 30, and 40°C.

2 YA XAE AES 9 1.2x10"%0A 2.7x107"° mL/
msPaZ, tfZF2] 7% 2.0x10"% 4 2.8x10"° mL/m-s-Pa
2 ZF7Fsld=H (Fig. 6), ol21gh A kellA sk &
o W AHAFEHLEL] F7F o] R o] AT F T
ojaBlet AR E A BE LEoH YA EAE AJE
o] A7t &7 AS-Eo Wk, ol F¥o] Uy
A+ A7F7F LDPE +& W 7IAESHE2E S7M A Ak
B oy}t oliksteka: oA At 4= Stk RS ofm| g
UEHEAE PAof| oSt ojitstetAh R 7HAE )
20°CoNAME 40%= =A eSO, 30 2 40°Coll A
4%l E343FA T o= oAl At upe} o], 2=
7} oA FE JAEA 2 2R A9 Eo] G
A 71A gAke] Wt B2 U9 tel| o] gk o] AbslerA A}
g3l QolXA F7] g R ALRHEY], Ao A
-9k @] 30°CelA] olm] o]itsigtio] At E 3= mH]

e orr &

20

I | DPE-clay nanocomposite
[ Neat LDPE =

1.0

0.5 4 ﬂ

0.0 I T T
20 30

Temperature (°C)

Water vapor permeability
(g/m-s-Pax10™)

40

Fig. 7. Water vapor permeability of LDPE-clay nanocomposite
and neat LDPE sheets at 20, 30, and 40°C.
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A Aoz AT B Aol SHE 20°CNA
°] LDPE o|2Faleta St = 3o B ZH1.0x10"
mL/m's-Pa)2 T} T4 & H=H| (Garcia et al., 2000), = ©]
= AnEHEY Fgolx AHE v e o' AR
Hr}.

FREHNTE 20004 40°CE 25271 713l whel Yie
AZAE AJES A% 04x10" A 1.5x10" g/m'sPa=z,
272 9 0.5x10"e A 1.8x10"" g/msPa® 27}0}
T___‘E"(Flg 7, o|H3 & &AL A4 d o|AkglERA
e FAoA vEhd AR Aokt FREAE Oﬂf\l
€ 2= YA ZAE AES 97t 27 ARt
SokEdl, 20, 30, 40°ColAM Ui XA E G0 o3
23w A 247 12, 32, 19%% UEhgten, ol &
L°‘?<P7} A7Hg o84 LDPE 7% W 29 &

Mmt}b 2L on)gith &7 30011*1

T AR g e helA
Mﬁ}ﬁ‘ri ATt ex wet a

Els 01%9} g AR AlRHET 5olg AL Faatd
47} 30°coﬂ/\mu} 20°CAlA 233 @A YERd A<l
, £ 7AIStE gy Fwe] g o] 2E00A¢
2“&%% | Uri?JX}OH ot 35 HIlde v =27
il Aoz AlRHETh £ AdA] A€ LDPE 78

T3 == Lange & Wyser(2003)ol] 2]l HILE 3H0.1x10™"
gmsPa)E Tt 43s] =4 Uettedl, 2 olfe ellA
A gl vpel o] ARz 9 AR e *éﬁé%‘%ﬁﬂw H]
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