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Abstract: Epoxy nanocomposites containing two different organoclays were synthesized, and their thermal properties,
morphology, oxygen permeability, and optical transparency were compared. STN synthesized from hectorite, and Cloisite
30B obtained from montmorillonite, were used for producing epoxy hybrids. Using a solution intercalation method,
hybrid films were obtained from blended solutions of epoxy and organoclays, with the filler content varying from 3 to
10 wt%. The differences in the properties of the epoxy hybrid films were then analyzed with respect to filler content.
Transmission electron microscopy analysis confirmed that both organoclays were homogeneously dispersed in the poly-
mer matrix, although some organoclay aggregates formed as well. The glass transition temperature and the oxygen barrier
property of the hybrid films increased with increasing organoclay content. In contrast, the initial decomposition tem-
perature and optical transparency of the films decreased continuously with increasing organoclay content. In addition, for
a constant film thickness, the oxygen permeations of the films decreased continuously with increasing number of layers
in the laminated hybrid film containing 10 wt% organoclays.

Keywords: epoxy, organoclay, nanocomposite, film.
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o|ZA] =x]= G-z w2} Bisphenol-A%¥ (BPA),” BPAY
of vjal] Mx=r} vf-9- R Asl=d-e #19] fFARRE Bisphenol-
F&® BPAS] H&(Br)°] x$-H brominated B} Q] A3 °
T2]3 =EZH(novolac)d ? 5] Ut} o]#3 A FA] FA|=
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gk A71A, 1A AEE THRAL o, ©@Eo R ARG
A Fepar A, A, 2Elal AR 55 4ol At
|3k} 12 o] F BT H7|XR}; Fof, 53] PCB(printed
circuit board),” IC(integrated circuit)"* % EMC(epoxy molding
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7 53] @& FF FES 7Y, e A714 54
73 HAE S 7EAL ATk SRRk, B 7EA] BALE v
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HlwA wre f2]xo] 25 (glass transition temperature, 7,)%
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7Fe] AR J2E =171 218l AET A (coupling agent)E
K s

2 AFAAME of|ZA] HIAE AXT o F=2 ARSI
A oF 70~90 wt% o] ] HE7HE tiAlsk] Sl
713 FES 4% AREsle] o] FA] e A 25 Alx
itk 7HA 3~10 wi%eo] #713F HES &% AMSsle] i
A I EY Q] o FA] Yol HESE vie 7R F4RS T
tiskr]AH DCPD 7|8ke] #m WwEef o 3FA] ]9 Thgo
2 AFEHZ T, 3k =o|aL Yoyt 4ka Apd A= JH
ANZTE Aol B AT+9] HiEolt).

AMEE f718) HEZ = FEFo]E (hectorite) A|E<! STN
7} E 1 ZY0] E(montmorillonite, MMT) A€ 2] Cloisite
30BS ARSI, AlxE ol FA] Ule B9 HE2 AN
H 7 7K 713 AR TR 2 gl e €4 54,
BEE2X, F8 Fr, 9 A4 F3-E(oxygen transmission
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Sl A AlgrEgkom, My whe Fejotr] okl (polyami-
doamine) A &] A 24 A 44 - ZH|(active hydrogen
equivalent weight, AHEW)= 80 gleq|t}. £l HIAEE &
3 al gujol] 7 2 RAte] H= 718 AEE 2%
w, AR 27HA] f718F A& Sl STNS Co-op Chem.
(Tokyo, Japan) AFZ5E] F0lI3199aL, Cloisite 30B= Southern
Clay(Gonzales, USA) A25€] Fufjsle] AME3I3 T} Zhzfke
Fol2 W32 78 meq/100 g7 E 90 meq/100 g 0]}, &
ol N,N-dimethylacetamide(DMAc)= Juncei(Tokyo, Japan)
AollAd T3, molecular sieve(d A)S Wo| 422 9F4
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Al U 59| A5 252 48 F I

4 ZAL olZFA] iEZZ Yol B4k = f718 A
B9 T2k ARE Els] S8l S W 7t XA 3
S (wide angle X-ray diffraction, XRD)+= PANalytical
(Netherland), X’ Pert PRO-MRDZ AR&3le] 24310t} Cu-
Ko BPIE ARSI 574 ®Ifle 20-2~12°, 34 &=
2°/min ©|ATE. HFA| LE2] BAEEHE Lot] fla F
I} A & v] 7 (transmission electron microscopy, TEM)
(JEOL, JEM 2100y AME-519aL, TEM AES A2ksh7] <
3l AlHS AFAIR QST £ 70 °C LB 2447 F
S X3-s Aol H fre] Zo| A mlo]AZE (microtome)
S ol&ste] FA7F 90 nmé] A EE A|lZsIATE ARSE 7F
£ 120 ke SiTh

oNFA HA HEL] 3 5AS 2Akeb] S8l ARS-gh
A=} F=A} &4 A (differential scanning calorimeter, DSC)
(NETZSCH, 200F3)= A4 E2)710014 52 & 20°C/
minZ 3R, @ FTH 4 7|(thermogravimetric analyzer,
TGA) (TA instrument, Q500)= A4 E97]0 52 &£
£ 10°C/minZ 33T}

A BHEE S5 98l A FaE 54 7](oxygen
transmission rate tester) (MOCON, OX-TRAN 2/61)5 A&
ST 34 WS ASTM D39855 wgtom, 24L& 0,
F%E 100%, AHE = (relative humidity, RH) 0%2 427315
324 L5 23°CoIAt

FeH A4S 248 218 A2 (spectrophotometer)
(KONICA MINOLTA, CM-3600d)2 34 =|<=(yellow index,
YL)E S35, )7 A3 3871 (UV-vis. spectro-
meter) (MECASYS, optizen 3200UV)E AME-3}o] 7A]34
B9<l 500 nmoA e F3EF cut-offdl FH(h)S Eelat
AT}

[o

XM SR, =43 f718t HES} o FA] I, 282
7hzke] ME7}F PR Eoj7k o FA] A HEl tis)
20 Fto] 2~12° HeloA 2] XRD A#E Figure 19 LER]
A}, Figure 1(aplA STNG| -5 3]=e 20-4.60°(d=19.19 A)
oA LRt oAl B3| L] 79oll= STNO| 3 wi%
7= obr A% AEEA] Tt o] AHE 3 wi% 3
FolMe HETT of|ZA] vlELZ Ylol] $Fd3] Bl (exfoliation)
Fof v F7]9] B3 FAS RIS = AT A
S5wi% T ol dollA = ol FATE HE Foll AjlEe] HE
o] 2 7140] Z7ksle] 20=3.40%(d=25.97 Al 3 =7} 1}
Elytorm o] ¥=9] Al7](intensity)= HE ko] 5004
10 wi%7H4] S7FePiA T S71eiith. o] 2 2 IR
o] 3teFo] SIS AR 53 (agglomeration) o] LAY
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Figure 1. XRD patterns of epoxy hybrids with various organoclay
contents: (a) STN; (b) Cloisite 30B.
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T25 st F=9 A7 JAH ARA Aok g
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Figure 1(b)°lIA] Cloisite 30BS] 2 54 I+ 20=4.78°
(a=18.47 Aol A YElS Ui B34 dEe] AFfole
Cloisite 30B2] §HaFo] 3 wt%ol| Al 20=4.24°(¢=20.83 A) &
20=6.55°(d=13.47 A)lA F37} BEE G oH, o] NI
FAEE 4713 DEIF 10 wi%z S71eRE v)=19] A7)
7F A3 Skt o= oln] STNS| 73-%-ollA Arggh vt
of 7ol f71st FES] o] ST wet JET} 2 4k
HX] Eala A A7 Az Aol risaith. JES &
A A3E Zlske Hle XRD7F Bo] AREEL o] It
LA AL Bo|, HikE HEL AAS REZAE #
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Zhsl7] 9lsiAe TEMS Eall oAl ER1E Hart dohk” ATh 2FHA AL AN | nm FAQ FE =S VeRlH,
REEX], o FA] HEY2 Yo EAlet= F715F FES] 2 Atele] FZRE HE F Alele] ARE JEeRdth ES ul

A P2 ®B7] 98] SINF Cloisite 30B7} 22+ 59 Sof| me} s FES dojste] BEEAE AR H|awst

10wt% E3HE 53A 5 TEM AlS Figure 2%} ATt

Figure 3¢ H3It}h. TEM A¥e 33 #3258 25 &3 -

STN®| 7% 7713} HE2] ghako] 5 wi%(Figure 2(a))elA
A7] W&o 713 HES BALS W} A#uFow &

= i & Bk AEE SRISKIOM, 10 wive(Figure 2(b))

(@)

Figure 2. TEM micrographs of epoxy hybrid films with different STN contents at various magnifications: (a) 5; (b) 10 wt% STN.

Figure 3. TEM micrographs of epoxy hybrid films with different Cloisite 30B contents at various magnifications: (a) 5; (b) 10 wt% Cloisite
30B.
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2 Z71EA AEE AAdoR v} o 547 FHE Bl
=t} o] Az A B9 Figure 1(a)2] XRD Z232% &
1E = ATk SHAIRE, HIE f71st HEZL 59004 10 wi%e
2 37t IR s, AAH 2= o] ZA] wjEE 2 Yo
A HEZF 4t ©F 20 nm o8] FAR F Ak e A
719 EdAE FAEASS & AUk

Figure 3°li= Cloisite 30B%] 3ol e HES] Ak &
E2AE Bth B2 08 3 HEYAE] 271+ TEM
ARS S8 2 o) Hat oF 30 nm ©|8ke] 17 FakE AE)
£ Hom, STN| Ao} FUatA GA] vhe 2719 &
AZE FIEDS 1T F AU TS STNS] 73-9-9F
PRI R S HE SRRl 5 wi%el A Bk 10 wi%eol A
O 3 o] A& o, o] A= Figure 1(b)*] XRD
Aete AR5 AA A2 F 7] 715 HES
TEM Z3}2 Hol STNe] Cloisite 30BR.TF o &3k &4t
< BAFIAT F 7] B BF HE Ui 72
Z akE A9E Ao

UX EM. Table 19] F 714 §713F AES A3 o] Z
Al Ui B9 EE2] DSCS TGA 23 3k& YeRIAA,
0 wWE AsS Figure 49} Figure 501 ZHz} BT} &5
3 o ZA] DE9| 7,3k 94°Co|™, STN Cloisite 30B<]
o]l A FrMrs E9A 289 T2 1A S71st
ATt dE 5o, f718F HES] ko] 10 wi%eZt =S =
STN®| 739 T, 32 94914 106 °C7FA] 7181333, Cloisite
30B9] 7d-9-ell= 100 °C7HA] T, #to] S7Fsi8ith. ol= At
AREo| Tets IAFEH L AR S Aol 7o) o] 7o
717 AH AL A= AbEe] Alwlg 329 (chain-segmental
motion)°] W& Wol 77t SV ZeE Helk™

Table 1914 STNS 713k o ZA] Y E3HA] HE0]
Cloisite 30BS 713t B3] ZEwo Jujdoz £2 7,
e BTl itk ol FEF|E ALl STNG] £3 ]
(aspect ratio=46)71’° =R Z1}o]E A A2l Cloisite 30BS]
3 ¥ Q18)HT}” T o} FAto] golalal o] AR T,
S Cloisite 30BE H713t o ZA] Yinidhd] YERT &

Table 1. Thermal Properties of Epoxy Hybrid Films

Fillers i STN Cloisite 30B
HIers 1 €pox -

(Wt % )p Y Tg TDla W [R(y()()b Tg TD‘ W tR(yOO

C) O () (O (O ()

0 (pure epoxy) 94 303 13 94 303 13

3 99 282 21 94 297 17

5 103 272 21 97 298 19

7 103 246 21 97 290 19
10 106 246 22 100 284 23

“At a 2% initial weight-loss temperature. *Weight percent of residue at
600 °C.

7t ZFo]l ¢ & Ao F HeIt} o] AW o]u] Figure 29} 3
o] TEM A#}=E A& LM E5E g1 4 qUUTh
TGAE AH&-3te] %7] &3l 2% (initial decomposition

(a)

NN in epoxy (wt%)
0 (pure epoxy)

3

\ 5

7
(b) 10

NOB in epoxy (wt%)
\ 0 (pure epoxy)

Endotherm.

3
5
7
10

40 60 80 100 120 140 160 180 200
Temperature (°C)

Figure 4. DSC thermograms of epoxy hybrids with various orga-
noclay contents: (a) STN; (b) Cloisite 30B.
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Figure 5. TGA thermograms of epoxy hybrids with various orga-
noclay contents: (a) STN; (b) Cloisite 30B.
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temperature, 7p)5 S0 A3 7+ T/ f71st HE =
T ol 10w/ S71E5 2% 7] 13 Al &%
(To)y= AA 743180}, o] Ade 7713t HE FollM JE
ol Bo%e FF7IR o]Fofxl f7]3) Fato] =& &%
oA AYA] Eatar WA w37t = 7] wEe] 2 ko] &
Vs T el A A ez Btk 53] STN
< A7KsE Z9olE Cloisite 30BS 3718F 79wt} 1 gk
o] ZVIEFE AR T, fhol ¥ E Zog A
t}. o] A3} Figure 5914 H%0] Cloisite 30B] T,&
220 °C o)’gellA] Hal7} == v STNE] 7Z$- 150 °C ©]s}
oAl WA {718} Fato] E3l7t e A SR Hol STNe|
Cloisite 30BE.T} & Pg/do] 1§ Holx= AL B2 4
AR o] wiFo)] HH 2 Cloisite 30BE H71eF KTt
Ty7t o & 2202 7443 Fth(Table 1 ZaL). 600 °COllA
o] = (weight residue at 600 °C, wt* ) 5 E-3HA ol A]
718} AEL] FFo] 10 wZHA S71HEE A S7tst
AL & F AU o] A= {718} FEo] EelEal @

F71E11 AEL] W Fo] 7= 58 igAdel 71
R Aoz HelthY

7[H FaE. A e B3] 7)A Fabeel] tist &
= 2BA} YA Yol ERjshe 4713 HES] ik
HE Agd = o &, 2 3 82 /e ddsk &
kel HEZE AHUA 2L vhEEe] S wols ¥ 2o
THHZ ARE Aol a17] wiie] 71A EA7F 4A B2
SIA] Eatar 71A| Fad wek A8 haehA] ok

2k B3w 71715 )43 O,TR 4 A3 3k Table 2
of Bttt FHx e Bt AgstA vws] Qs &
o] FAIE ¢F 97105 um AEE 7HA #UsHA ATt A
E7F AR ek ek o FA] 52 100 co/m’/day]
b Babw 7HS YePIITE ©] & STN3 Cloisite 30BL
o]l A ZUHEFE kA Faw ho] gasE AT
HAow, {715t HE go] 10 wt% t S of STNS
745 2F 76 cc/m*/day, Cloisite 30B2] 7%= 2F 63 cc/m?
dayZ =53 o| ZA] o] Fax gt 7hz}t 24% 9
37% ZAEA. on] AR o FA] wjER X Fof &

flo rir o

0

o

o

O

Table 2. Permeations of Epoxy Hybrid Films

Ashz 8 v/t & gt 3 mofe] HEZ ) 71 &
A7} GAl THHA] Ftal ezl ARE Aol &7 o
ol B Fho] AaE ZoF Hom O g STNETH=
Cloisite 30BS] HE o] 22 10 wi%e/t H S wf A
Ao Ak FIE glo] o @ol A, ol F A
E BT J2A B2EY g R A F
B HI7E 46%] F=etolE AIER] STNS] sHdEr} 53 wvt
21821 BRI ZUo]E ALl Cloisite 30BS] FAFe] 3] 1)
7t o AB2 7| ARAE S 1 o B2 R P=
£ Auef ap7] diizeltt. g {713t JE $Fo] 10 wit
2 Ikt R AAA o2 A ols & Wyt st
o] Azk= 7IAE B} aHH 07 Apdsle] o|FHRE &
g7lddl= 2 JES] ol A7F Ae-S ERHITE whebA
= o W& 7kE S 918l AT EES A=l Bt
Table 29| AHZHE Atk FHx gho] 7 @A v
10 wt% FES] o] Z3He o FA] Whe E3HA 255
2 & A3 4% 2ES Axste] A BHEE 2459
31, o] A#E Table 30l WFERAATE 5D gF 7olA] 3t
Aoz vwsl] 8 RE ZE2 FAE 99103 umz
ZBIAAL 50 umx23, 25 pmx43, 20 umx 5502 259]
£ RIsiAA ZARISIT o] AR, o ol FA T
= ZE9 0,TRS 100 co/m¥dayol R 2L, 713 HES
10 wt% ¥ T & 59 2 FAE gk STNe| 739
76 cc/m*/day 2 Cloisite 30B2] 7-%- 63 cc/m*/day®] F3=
e eIt 2y A5E FE59 4 SRS
= e A Zasn dE B0, 5UF T2 =4
A 20 um HE R 550] HFEHAUS Wl STNS] 750l =
53 co/m*/day= &F 47%2] T o] 74819 eH, Cloisite
30B2] Z$-oll= 37 co/m¥dayZ F 63%2] F3= gro] A
SIATh o] 72 o]l Yehe olf= A3 Al olFA|
E Wielx HEZE dA migks 7R & g
Babwed), B2 3 29 FA= SFoF=(0 um) 58 &
TE AR OE IE 34 AR O JES 24 JEprt
Yep}| wiitol] @ o) 1A A} S3shs AR o
o

Q
2 Fol Fx AF A 1 714 2T S3ske Ao

=

A
2=

STN Cloisite 30B
Fillers in epoxy - -

(Wi%) Thickness O,TR? PP Thickness 0,TR PP

(um) (cc/m*/day) @ (um) (cc/m*/day) “op

0 (pure epoxy) 103 100 1.00 103 100 1.00
3 102 86 0.86 103 84 0.84
5 105 80 0.80 97 86 0.86
7 100 87 0.87 100 81 0.81
10 102 76 0.76 103 63 0.63

“Oxygen transmission rate. “Composite permeability/polymer permeability (i.e, relative permeability rate).

Zan, 43948 A55, 201543



thE f718t HES AR oA

] vhe Bae] 54 711

Table 3. Barrier Properties of Epoxy Laminated Hybrid Films Containing 10 wt% Fillers

STN Cloisite 30B
(Thickslfgslfxliayer) Thickness O,TR? » Thickness O,TR

(um) (cc/m*/day) PP, (um) (cc/m?/day) PPy
100 um (pure epoxy) 103 100 1.00 103 100 1.00
100 pmx=1 102 76 0.76 103 63 0.63
50 umx2 100 78 0.78 99 53 0.53
25 pmx4 100 65 0.65 100 43 0.43
20 umx5 103 53 0.53 103 37 0.37

“Oxygen transmission rate. “Composite permeability/pure epoxy permeability (i.e, relative permeability rate).
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Figure 6. UV-vis. transmittances of epoxy hybrid films with various
organoclay contents: (a) STN; (b) Cloisite 30B.
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Table 4. Optical Transparencies of Epoxy Hybrid Films
STN Cloisite 30B
Fillers in epoxy - -
(Wi%) Thickness Ao’ 500 nm"™* L Thickness X 500 nm"™* VI
(pum) (nm) (%) o (1m) (nm) (%) o
O(pure epoxy) 100 313 80 12.6 100 313 80 12.6
3 97 311 80 14.1 97 314 78 17.5
5 99 311 80 12.1 98 315 76 18.1
7 98 313 79 14.7 102 317 75 18.4
10 100 316 78 14.0 101 317 74 19.5

“Cut off wavelength. *Yellow index.

“Chpplot’

i/

Figure 7. Photographs of epoxy hybrid films with various STN con-
tents: (a) 0 (pure epoxy); (b) 3; (c) 5; (d) 7; (e) 10 wt% STN con-
tents.

Figure 8. Photographs of epoxy hybrid films with various Cloisite
30B contents: (a) 0 (pure epoxy); (b) 3: (c) 5; (d) 7; (e) 10 wt%
Cloisite 30B contents.

Zol| FaAsH BES Ea) 2o FXE e Hdlle A
A7} =7 ekl Sebe & Cloisite 30BY] 79+ 2 3

Za)m, #3978 A535, 2015

Fo] STkl EtE & AolRE /A X AR A2 |
skE PEE 5 QIUTE =S o] FA] IE A 7 R
WA 9oL A w]7] wiitol] FES Fifo] SIS oF
M S7vehs A9 2ol & T 4 QIdLh ST &
Qo] obd MIHAIE Abg-ste] S 1 FA7F FES] §F
Fo| T/EFE A =Rl AFS HATh o] 9A =
3ol FAE ¢l dole ¥ FA7F fI9leH, #7138 HE
£ A7ieltets A AR o £l
2 B

o ZA] mER] 2ol f7]3} HEQ STN Cloisite 30BE
3~10 wt%= EAMAA o] FA] Ui H3A 58 AlxsH
t}. XRDS] A2 HE F T/ IE BF 1L ghgo] 7t
s HE0] T3 do] WAt B4 39 A7 &
7F89daL, HIE Cloisite 30BS] 73-$-0ll= STNE.TF g2
2 9 %ol BFAIT 30nm ©]5le] FAZ & FatE e
=71¢] B3AE TEMOZ Felsiitt.

g4 EAQdME F T/ f71s HE BT o g
S7tE= 17F S718IIAIRE 4 ZEAI R 6°C 7+
71t Cloisite 30Bll BI3ll STN 12°C 7+ 578t T,
o] Z715o] 20 B =2 g ERIT 7 Ak HE 4
e E QPgAe] v Y| E o]FoiR {713} Faro] ¥
A w37t dojubr] wiiEel f71st FES] FeFo] UM
= 7 3 HA gasiith 283 Cloisite 30BE.TH STN
o] Aoz I FgAe] Holxle f7|s FiEe R <3|
3039141 246 °CE 57°C 7} O] & Z o7 T, ko] 74438}
ATk

714 B3 == & =3 H]E 7K+ Cloisite 30B7} 2+
FE(10 wt%) 2710 24%2] T3 = 7HAE Bl STNO]
Hlgl] 37%2 ¥ 53 A4S B, A5S 5= T
HE BT A B3 gho] 24t o] HA] 47%¢2]
FHE ZA4E Hl STNe| Hl&l Cloisite 30B7} 63%= T
Be Fae ZAE B

B EAOME f718 MBS o] SU1EE AR

olN

o 1o



thE f718t HES AR oA

Sﬂ%ﬁaiﬂﬂsman%4$%%%ﬁéaﬁﬁ%°l
AN RS o] Tl RE 78~80%2] YT 7S 1
©] STNoI| H]&l Cloisite 30BE 80014 74%7H4] O e &
I AAE B YIE STNG A4 126~14.022 72
A3} 28 B IAT, Cloisite 30B= 3Fgo] ZV RS YL
12.6914 19.52 AR Z7FslAT.

B ATE T3 A A BAAR Bo] ARREE o %
Al PR ] B T8 =2 @l O,TRS 71 A7t

L

rlr

g o8 s} vlws) YrHHOE He ol f715 HES
A AT 5 Sl wEe AN
g 8§

1. H. A. Chun, S. Y. Tak, Y. J. Kim, S. J. Park, S. Y. Park, K. N.
Kang, and S. H. Park, Polym. Sci. Technol., 24, 10 (2013).

2. C. Naito and M. Todd, Microelectron. Reliab., 42, 119 (2002).

3. Y. He, B. E. Moreira, A. Overson, S. H. Nakamura, C. Bider, and
J. F. Briscoe, Thermochim. Acta, 1, 357 (2000).

4. L.-L. Lin, T.-H. Ho, and C.-S. Wang, Polymer, 38, 1997 (1997).

5. Y. G Jeong and J.-E. An, Compos. Part A: Appl. Sci. Manuf., 56,
1 (2014).

6. J. L. Vilchez, A. Zafra, A. Gonzalez-Casado, E. Hontoria, and M.
del. Olmo, 4Anal. Chim. Acta, 431, 31 (2001).

7. F-L. Jin, C.-J. Ma, and S.-J. Park, Mater. Sci. Eng. A, 528, 8517
(2011).

8. Y. Chekanov, D. Arrington, G. Brust, and J. A. Pojman, J. Appl.
Polym. Sci., 66, 1209 (1997).

9. C.-S. Wang and J.-Y. Shieh, Eur. Polym. J., 36, 443 (2000).

10. M. Rutnakornpituk, Fur. Polym. J., 41, 1043 (2005).

11. P. I. Xidas and K. S. Triantafyllidis, Fur. Polym. J., 46, 404
(2010).

12. R. Voo, M. Mariatti, and L. C. Sim, Compos. Part B: Eng., 43,
3037 (2012).

13. H. Y. Na, H. Y. Yeom, B. C. Yoon, and S. J. Lee, Polym. Korea,
38, 171 (2014).

14. T.-H. Ho and C.-S. Wang, Fur. Polym. J., 37, 267 (2001).

15. S. Noijen, R. Engelen, J. Martens, A. Opran, O. Sluis, and R.
Silthout, Microelectron. Reliab., 50, 917 (2010).

16. T. Li, H. Qin, Y. Liu, X. Zhong, Y. Yu, and A. Serra, Polymer, 53,
5864 (2012).

17. Y. J. Kim, B.-G. Ahn, W. N. Kim, K. S. Suh, W. G. Kim, and H.
G. Yoon, Polym. Korea, 26, 88 (2002).

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.
37.

38.
39.

] vhe Bae] 54 713

Y. Sato, Y. Kodera, J. Goto, and Y. Matsui, Polym. Degrad. Stab.,
78, 315 (2002).

G. Pan, Z. Du, C. Zhang, C. Li, X. Yang, and H. Li, Polymer, 48,
3686 (2007).

H. Ren, J. Sun, B. Wu, and O. Zhou, Polymer, 47, 8309 (2000).
J. H. Wang, G. Z. Liang, H. X. Yan, and S. B. He, Express Polym.
Lett., 2, 118 (2008).

H.-J. Hwang, C.-H. Li, and C.-S. Wang, Polymer, 47, 1291
(2006).

G-H. Hsiue, H.-F. Wei, S.-J. Shiao, W.-J. Kuo, and Y.-A. Sha,
Polym. Degrad. Stab., 73, 309 (2001).

C. H. Lin, J. C. Chiang, and C. S. Wang, J. Appl. Polym. Sci., 88,
2607 (2003).

F.-P. Tseng, F.-C. Chang, S.-F. Lin, and J.-J Lin, J. Appl. Polym.
Sci., 74, 2196 (1999).

H. Ardebili and M. G. Pecht, Encapsulation Technologies for
Electronic Applications, William Andrew, New York, p.47
(2009).

C. H. Choi, B. H. Sohn, and J.-H. Chang, J. Ind. Eng. Chem., 19,
1593 (2013).

H. R. Dennis, D. L. Hunter, D. Chang, S. Kim, J. L. White, J. W.
Cho, and D. R. Paul, Polymer, 42, 9513 (2001).

C. H. Davis, L. J. Mathias, J. W. Gilman, D. A. Schiraldi, J. R.
Shields, P. Trulove, T. E. Sutto, and H. C. Delong, J. Polym. Sci.,
Part B: Polym. Phys., 40, 2661 (2002).

J.-H. Chang, S. J. Kim, and S. Im, Polymer, 45, 5171 (2004).
J.-H. Chang, M. K. Mun, and L. C. Lee, J. Appl. Polym. Sci., 98,
2009 (2005).

M. H. Jung, J. C. Kim, and J.-H. Chang, Polym. Korea, 31, 428
(2007).
G. Galgali, C. Ramesh, and A. Lele, Macromolecules, 34, 852
(2001).
J.-H. Chang, B. S. Seo, and D. H. Hwang, Polymer, 43, 2969
(2002).
P. C. Lebaron, Z. Wang, and T. J. Pinnavaia, Appl. Clay Sci., 185,

11 (1999).

K. Kwon and J.-H. Chang, Polym. Korea, 38, 232 (2014).

J. Shin, J.-C. Kim, and J.-H. Chang, Polym. Eng. Sci., 51, 679
(2011).

D. J. Chaiko and A. A. Leyva, Chem. Mater., 17, 13 (2005).
C.-F. Cristian and A.-V. Manuel, J. Polym. Sci., Part B: Polym.
Phys., 43, 2625 (2005).

. R. A. Zoppi, S. D. Neves, and S. P. Nunes, Polymer, 41, 5461

(2000).

Polymer(Korea), Vol. 39, No. 5, 2015




<<
  /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
  /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


