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Abstract : The thermomechanical property, morphology, and gas permeability of nanocomposites of
ultra high molecular weight polyethylene (UHMWPE) with two different organoclays are compared.
Hexamethylene benzimidazole—mica (C;s BIMD—Mica) and Cloisite 25A were used as reinforcing fillers
in the formation of UHMWPE hybrid films. Dispersions of organoclays with UHMWPE were carried out
by using the solution intercalation method at different organoclay contents to produce nano—scale com—
posites. Transmission electron microscopy (TEM) micrographs show that some of the clay layers are
dispersed homogeneously within the polymer matrix on the nano—scale, although some clay particles are
agglomerated. We also found that the addition of only a small amount of organoclay is enough to improve the
thermomechanical property and gas barrier of the UHMWPE hybrid films. In general, Cloisite 25A is more
effective than C1g BIMD—Mica in increasing both the thermomechanical property and the gas barrier in
a UHMWPE matrix.
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Scheme 1. Chemical structures of organoclays.
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Figure 1. XRD patterns for Na®—mica(Mica) and Na*—mon—
tmorillonite (MMT).
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Figure 2. XRD patterns for C;sBIMD—Mica, and UHMWPE
nanocomposite films with various CigBIMD—Mica contents.
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Figure 3. XRD patterns for Cloisite 25A, and UHMWPE
nanocomposite films with various Cloisite 25A contents.

3, AE %o W& UHMWPE WeB3Als 59 XRD 2345
Figures 27} 3] YehJit) Figure 194, 578 FES nloj7t
o) 78 3= 26=7.02°(d=12.58 A) ¥} 26=9.12°(d=9.69 A)
oA ¢ el viebsch

= AEE #4713 wSA)71 CieBIMD—Micas 7237}y 29=2.72°
(d=32.44 AT 26=546°(d=16.17 A)lX 54 FA & B
o9 thFigure 2). o|25E {7131 Figo] =l¥ P #7138
Hel HE 2o Z7Hinterlayer) 7EE Qs deFo| 1A}
Apzze] Alalel WS- E& 9718 WEIF H9e-S Ak &
SAlEe] ASol= AEY ko] AL 1 wi% WRISElE 26=



i

2.9000] okt AR ¥WAE B 5 Yl FES W] 1.5 w7t
A Z7¥sP o) X—A4 93] A7le ot ZTFeIARE SAl) 2
§=3.28°(d=26.90 A< FIAE AR, ojH 20=3.28°2] 7

= 5715 HEY o] 15904 3 winE F7I5el w26
=2.90°9] ¥3= AR FoHe Tl 26=3.28°% F=2 AVI7H A
A5 Z7)eR= R 0F Ret §718F FErt o X opde] HE A
28 ARL W3 w3k Ao dert driEd A&7 UHMWPE
of 12 & BAEA] EaAu B3tk (agglomeration) 2 Bod
z=oat} 7728 ) o) 9= thEA|, Figure 3914 2%l ¥4
s 38z WEB A Cloisite 25AF AREEE ASolle &5&
UHMWPE: Z&o]3 4713 HE7} 2 wt%7HA] & 534
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SAl2e] 5713 WE 004 3 winE W3 g £L8H
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U Cloisite 25A/UHMWPE 739z 24 719 CieBIMD—Mica/
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Figure 4. SEM photographs of (a) 0, (b) 1, (c) 2, and (d) 3 wt% of C16BIMD—Mica in UHMWPE nanocomposite films.
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(a)
Figure 6. TEM micrographs of 2 wt% of C;sBIMD—Mica in UHMWPE hybrid film increasing the magnification levels from (a) to (b).
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BalabA Bkl HEe) wExke] A o] glof oa) & A
wele u) Hu A= pRA; Ay AR ARg-do] HolHA
wo] gro @ w=oJs Az J|AE Adde] FAdHel alow =gat
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Ao F Cloisite 26A/UHMWPE 790l Figure 7 () 2| HE
oo o g sk Figure 7(b) ol B3k olv] d&
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(b)
Figure 7. TEM micrographs of 1 wt% of Cloisite 25A in UHMWPE hybrid film increasing the magnification levels from (a) to (b).

Table 1. Thermal Properties of UHMWPE Hybrid Films with Various Organoclay Contents

Organoclay C1sBIMD—Mica Cloisite 2bA
(wt%) 7,(C) 7:,(C) (T w0 (%) 7,(C) T (T) 7' (C) w5 (%)
O(pure UHMWPE) ~ —24 133 436 1 —24 133 436 1
0.5 - - - - -2 133 441 2
1.0 -2 133 437 2 -1 133 444 2
15 0 136 436 2 0 133 447 2
2.0 0 134 443 2 0 136 445 2
3.0 0 136 442 4 — - - -

U Bake A #eldk = gl Hlg), X-4l FEEE AR v
7} 3 woll= 3 EEE Fevhg RoiFr] wizelth % Cloisite
25A8) 7ASo= A AL 2 wit AR R FEE A7 AR
2 1An7)7] wiiel] XRDE) d3E ol &six AEZF wiejds d
A7)l A7 =S g

X MZ Table 1o 2zt F 7% O §713F HEE ARES
B3k ae] |7 Az B8 DSCS TGA ZHE ekt
C1BIMD—Mica$} Cloisite 25A¢] ¥ 71X tf & #7135} AEE A}
23 Y28zl fe] AolRE(Ty+ FEES /et 1 - 59
Avs) v)zsl B9, HES 78IS Aol A7 s
R Tt 22~24 C 7RIk o)AdY RE Ak 2% A7t
HS ASOE 77t S7V8hs ol AE Z Alolel 7lof =
EA} A1E9] SAYe] ouly) A= A& segmental &2 U]
W2 wol 77} Z7k Ao mAtk® x|t §§ Wolew
(71 Q) 7ASelE= HE H7F A - 39 Aze] & zlol7} AAUTh ©]
A= T, gl AR 2 9GS FA B3y, JE7E 28Ake)
AR AZd| e mx)=| g W ohjet Fd & (insulation
effect) & S-S & 4 AT

CieBIMD—Mica®l %o, TGAZ o8 27| BHLE(Th)
sl A7} 2 w7K)= T 7} Z7elel AEs) F71EA] o
ore A9l mmskd 7p gtol ¢k 7 T F71EE & 5 AT
(Table 1). RE #7}) &) T 7F 718k ol HEZL %
2ol FakE]o] o] o)Esh= F2E Apdar] ¥ SER 71
TR AE Fue AAFy) Yoz APEnH e A
B 830) 3 wi%® Z7RNIE 2738 1 o)de] 2] ek

o] Z7k= 93 A AT kS vehiich webd 2 o)l
o QA4 FIR= BA] E3h Cloisite 25A2] A% 1.5 wt%
7= 4 ebgado) ok 11 C A% Z7IhpE 1 $2¢ HEY <
= maekA A o) o Bl E Bt HE gl S
ol wat 600 Colr] 71Ae] Holg EFwr™) ghe A W
3] g A AAT 3ke Bt o] AMZHE A 7]
3 A2 W2 79 Thels Z7He At QAT T, jhells
HERZ Q% FAS HoIFEA] oo} w3t T 7§13 HE &
C1BIMD~ Mica Hrh= Cloisite 25A7F 8% Adde] ®Br} o g3
A=y
7IA MEL Table 200 §718 A8 #Ab &l vhe HF 9%
e, 7] eAEe) W3ks Z vefidct CieBIMD—Mica®l
A%, HE AR AEE= HEL o] 0~2.0 wtBE F7FEel w
15914 19 MPa® Z7)8It). 221yt o] ke f713k A&
ofo) 3.0 wt%z F7FeFd 2318 17 MPaZ #4dtlvh ol
FAke- ojn] ofe] ERoz WHEHPEHPT AAET oS
A7V ko] HEV) gibd 0w BAbER] Rl BAA A
oz Ama 4 glon] B st % ojn] XRD9}F Ax} &
ujFos Btk v} QIthFigures 29} 4(d)). 7] I BIES
AksEle 5713 A okl wel 'dEo] YRS &
AAs AE F5 ool 1 A=) 759} vz}
A& 7Aashs AHE vo] FtK(Table 2). F AEY <o) 0°]
A2 wtBz Z7)eel uht AL 8779014 1316 MPaz §-5
50%\} Z7Fs15ic) ol4d e E0] Zrksh= olhe AE AA7E
TR Q= 73 e 2 3k aspect ratio® 7 DEL] A%
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Table 2. Tensile Properties of UHMWPE Hybrid Films with
Various Organoclay Contents

Table 3. Gas Permeabilities of UHMWPE Hybrid Films with
Different Organoclay Contents

C1sBIMD—Mica Cloisite 25A
Organoclay ; -
Ult.Str.  Ini.Mod. Ult.Str. Ini.Mod.
(Wt%)

MPa MPa MPa MPa
0 (pure UHMWPE) 15 877 15 877
0.5 - - 16 937
1.0 18 950 17 1129
1.5 18 1053 19 1450
2.0 19 1316 17 967

3.0 17 933 - -

e oz e £ gtk tigo] FE Aol Akl 1A
BlaEE FAREo] ol ofule AT wES] Tkl B8l 2
G Aok®F g} 7 o)) HE st FsHE L3)8 A
a5t o] Ak ofu] ol HAHIZ YAl T o] FHF
o] 713t AE AR 2 AR Zahal SR HER 8 5
Qg TEA-AE £ Ae-AEZ Aoxe] Agtelo] ok
A eRps Aoz AYE o Qloh

Table 29l B.g%0] Cloisite 25A2] Z-9-l= Ci1eBIMD—Mica
o] 799} AAF R HIS3F AYE Hled, H1 I AEE
HES] ko] 04l 1.5 wt%E F7Fel w2t 15004 19 MPaz
Z7}bslgink o] 7 HES] o) 2.0 wi%7t HH 23)8 17 MPa
2 Z4sign 9A riab 2 27) @9ER H71EE Cloisite
25A9] <o wle} Wslati=t), ClE B, A7I18 HEST 1.5 wt%
o o= £48 UHMWPE (877 MPa)°ll Hisll & 65% (1450
MPa) U Z7Fs1el7} 2.0 wi%d] HE FEolxs 967 MPa=Z
23] Frasgich

AZ QA e} BHEL BAEE 4718 AR skl ne
Wk, 53] 5713 AES & QA T ook 23l 53
79| 7|AIA HAL "olel= o &7E Kol F3lom, F 7]
713 AE = C;BIMD—Mica®th= Cloisite 25A7} ¢ &740]
=g, o) o] XRDU Axadn|F o2 A& ZAH Cloisite
25A7} 1AL dEY 0] B} & BAHEQY] o A7ie
ik

1M BB, $E AP Ak e BRAsES 71AY
Z5o] Bt A7 ol wet 714 Fasrt dAE aet
707 duA vk 1RAE WEHAZ AMEIUNE ATlE
TE2F AT FHA] Aol 2] AgAdeu) 1] wle} Fajieo] 2
WIS T4 Ptk o2 S0, T B2 A0)2) AgAe] 2 well=
22} MlEYA ol EX5HR= Z aspect ratios 7 TR X
Tkl HER Qg 7|Al A 4A THEA ekl 7Rzl
Z(tortuous paths) & Ao} 37| wiitel] 2}A3] 714l Fax
ZrshA) ko

Table 39 BEo] thet AL (0 FHEE 7713 HE) T/t
=oo) wep JeRfth CieBIMD—MicaE o8-8 VhrE3A<]
ZALol= HEQ] ko] 2.0 wit% 7HAlE 202704 1304 ccE
AR sl 3.0 wi%s 17181 AEeA e 23]= 1785
cc® Z71Hrk Cloisite 25A2] 7A$-ol= CieBIMD—Mica®] 73
Sl iz E AES o] 1.5 wta 7 1297 ccZ 94

oX o o

r oo 1 R

¢

Z7H, M319 A5%, 20079

Organoclay 0y TR {cc/[m*—day])
(wt%) Ci16BIMD—Mica Cloisite 25A

0 (pure UHMWPE) 2027 2027
0.5 - 1740
1.0 1525 1442
1.5 1391 1297
2.0 1304 2384
3.0 1785 —

Table 4. O,TR Permeabilities” of UHMWPE Hybrid Films
Containing 1.5 wt% Organoclay with Various Relative Humidities

Relative humidity (%)

Organoclay 0 50 35
Pure UHMWPE 2027 2018 2021
C16BIMD—Mica 1391 1434 1393

Cloisite 25A 1297 1263 1350

*Transmission rate is shown in unit of c¢/{m*—day].

) Zasirl 2.0 wi%el #7138 AEAXE 2318 2384 cc
2 BEainr)t Zrksisiny ofd Ay o] 71A1R AdAdedM Mt
Hio} o) AAES ool 7713 AES ki HEY) FHoR
FIAY BARS & = glo] 2318 71Ae Faest Frkshs Al
Z Eo|¥ 4 Qirk

714 Soke] st Bk ohge] F /IR AE 5 Qo
I 3 W= oA A Alodg 349 (polymer chain—
segmental motion) ©)3L F WA= HE 5 Alo]oA Lojuk= 71A
2k A9} L FAY n2 FAo) s $3] FE vl(detour
ratio) ol &ja ZAEch £ A7 Ade) st vl 22 AolA|
9 CisBIMD—MicaZ o]43t vhxE3Ae] 73-¢-2r} Cloisite 25A
o] 7497} 71A) Apdell ¥ FHHo|Rlck o]n) lellA] AR =, 7
ZA o7 vk 31EE ¥3eH= CgBIMD—Micax Cloisite 25A
of] valA 1T BAkER] ERow, st Ak F1) 44)E e
A B A5 Falrt A7) el AREe R VA Bt 22
=M= Cloisite 25A XU} gvp4olx] Eslgich

1.5 wt%2 #4713 BES TR e 8A FEe] 71A 534

2 A 45 Wl uet Table 49 B3tk <5 UHMWPEE
A 571 0~85%71A) WEE F9lou Aol W3] edgict
o] A= HF439 PE BEo| FEol| FAFE HolFglt) oz}
A2 C1BIMD—Mica$} Cloisite 25AF 1.5 wt% ARLEF Le5%
A A2 MAH o 2= 7 |A Fapwol] ALl F Hat Qe ZleR
Hol B Aol 4L YunBghd BEE 5o 7RSS ¢

A3t

ot
ey

4

rhu

UHMWPES] A28 SA4% e 848 27 &, =g
A}l UHMWPE®] ¥-718 44 713 HEE st &
A el 258 Alxsigint CieBIMD-Mica%h




P

Cloisite 256A% §713F MEZ AM3lo] slekd 2 Hold &4
intercalation Ho.2 BE FeiY VheBHARE 43Uk ol vt
R BB 4713 AeY wo w43, 71AH 33 9
BZ2x) 7)A 5% 58 54 F I A5 M vusiich

a7 JAL ae] §718 AR W Lo Thele $7HE &
A7} QAT T @l HER Q18 a94F BoiFA] §sket. 717
A AAE 9det QAT EAEIRS delks 714 A2
o] Z7lElglon} 1 ot BAMEIS wole 23l U AdEel 7
215tk oldl Ak Az} Pr)Ee o83 BEEAE T3 2]
gk 2= Qloith Aba ERTINE 71A dAn wiZE g%
AAFETANE 71 FAE7L AasiEort 1 oPde) SRk
938 7|4l ket Z7belich e A S R 24
ol T} FaehAl Ak T ol A9 dAsick

Ao B u B3RS 95 2 A7l ARgE 7 7
2713} AE= Cloisite 25A7}F C1eBIMD—Mica®ll B3 o5 &
Al BAL Mol FQlon, A% {47131 RS FAMIe RS
UHMWPES] 24, 71413 A4 9 714 2pddE FFA7R=d
S ZEULE & 5 AT

}
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