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Abstract :
ultra high molecular weight polyethylene (UHMWPE) with two different organoclays are compared.
Hexamethylene benzimidazole—mica (Ci;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

The thermomechanical property, morphology, and gas permeability of nanocomposites of

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 C1s BIMD—Mica in increasing both the thermomechanical property and the gas barrier in
a UHMWPE matrix.
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*HT : Hydrogenated Tallow(~65% C18; ~30% C16; ~5% C14)

Scheme 1. Chemical structures of organoclays.
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Aol U/dS 7S soltt elst ANt Sl gAlskA] okl
ARSI O M EE Kunimine Akl A 713 Micag ARE3FIT

§718 ME(CisBIMD-Mica)2| &M, & Aol A 713t A
E(C1sBIMD—Mica) &= Na"—Mica$} 1—hexadecane benzimi—
dazole chloride (C;gBIMD—CI") 2] o] w3} k3-8 o]g-5lo]
ATAelA AR AT FA B 500 mL EekaAe]
29.55 g(0.25 mole) 2] benzimidazole¥} 250 mL 2] acetonitrileS
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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 CisBIMD—Mica, and UHMWPE
nanocomposite films with various C;sBIMD—Mica contents.
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Figure 3. XRD patterns for Cloisite 25A, and UHMWPE
nanocomposite films with various Cloisite 25A contents.

3, ' s5) g UHMWPE Wir5gdAg &2 XRD dv=
Figures 23} 3] YeRJSIth Figure 104, <731 HEQl njo7}
o] If 9T 20=7.02°(d=12.58 A) T} 26=9.12°(d=9.69 A)
of|A] vl l2fslA ek

T AEE 7718 WK1 CieBIMD—Micas 212} 20=2.72°
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o}F=ItH(Figure 2). o|2HE] #4713} o] TH e 7713}
HEE AE 29 S7nterlayer) AdS AFds] HelFo] uiat
ARz Aglell - 2§13 HE}F HYSS L9kt =
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2.90°9] oFgt A3t M35 & ¢ AL, FES] o] 1.5 wtw7t
A F7¥shA o] X—A #]79] Al7]E ok S7FIIAIRE Aol 2
0=3.28°(d=26.90 A)?] ¥|A% Azt ouf 20=3.28°9] 3|
= 4713 HEY o] 1.5004 3 wthz S71s] uet 20
=2.90°9] 93 A4 Fol= thal 20=3.28°2] 1= A|7|7} A
A8] S7kh= Zlo= Kot 713t A&7} ol E 1 ool =W Af
2 AE WE T3 Ao AR} H7kEd HEZF UHMWPE
off F 2 FAER] ESFAY BXItk=(agglomeration) & Ko
FE* g8} oleh= thEA|, Figure 304 wio], 59
3 pE2} vjEZ A6 Cloisite 25AE A3 A-$-ol= =53
UHMWPE® E&0|a f7138F AE7}F 2 wt%7H e 3
FO| Aol oA AH 937} glis A2 FE w|Fo] UHMWPE
£ olF= 1A AKEEe] AR 5 Alolel 2 ARE Rl g A
S o] gt B gAlE ] AEAL wle- & Ak o] ulES)
52 & AP T2 o] Auk= WA YHH]1 A Wo| 1,
old A= Fofl ARE A} dAvES B3l v ERlslor & 2
@7} 9} mESE £ AR (solution intercalation method) ©f] €]
&l Cloisite 25A 57} 0~3 wt%7H= B4k AEo] f7131 4
EO] T}l FaskA REFE L SRS H ot HEe] ofo] 11
ool HE ol AE ®o] #AsHA B, EFEa)

Sk

BERX]. X-A SEEs A718 HE Wit GEE o
& 9l WAk e s REe) AR SR A d g =
Aallels Fe A, HErL At Ao ke Jes
AR ohdhs Slelks @APE ok e AR (SEMe
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HES AA| St At AEZ e 7= At 2 A=
X]L:_ E_O% _i_l:]_.29,30

4 SEME o83t theigAlgelr] HES FYg ol uf
TS 27 v|wsieltt. CieBIMD—Mica 73-¢-olle 7713 4
9] k& 3 wt%7F4], 183 Cloisite 25A2) 739-ol= 2 wt%7}
A A7ReiA 42 AE FHO W EZAEE Eek=mt st
AR (SEM) o2 #Es3ith SEM= o]8-st A= Figures
49} 59 JERNATE Figure 4l CisBIMD—Mica/UHMWPE &
dAE F713F HET} 0olM 3 wtp= H3te 5o BE=
S SEMOZ HolFa Qo HE} A3 Alol#] 9k 4738t
UHMWPE 25 (Figure 4 (a))°ll ¥3] HEZ} 2 wt%7t A=
(Figure 4(c)) E52] &d% ddo] H4 o AoAA €& &
ok 18y HEF 3 wit% (Figure 4(d)) 7F ¥4 o] uflg- A=
X3 2R T (void) B0] TEE W ope} Hke] HESo] &
2] ko] il ERhE ERISE 4= Qi wlEbA o]d Aells HE
9] ghgo] TV AE7E] MR BAA Hol 1Akee] 3L
738 "olAA dr}. o] AREL ofw] ShellA] A=k XRDE] A}
(Figure 2) 9= YAJsh= Aot HE o] 2 wt%st 3 wtns
Hlwand, 2 wted wl 2iEx; Edols ' QIxEo] Holx|qk
B IR FAE T ok 28y 3 wited wWe Bl AE ¢
Az0] AR FAA o] dofukar aritate} Aol £4] oo}t
o] Adoxl 71 1% 4= Sk

718} AEE Cloisite 25A%F AF-3E 790l v K], Figures
5(a—e) oA & 4= SI%o], H7hele HES ool 0~2 wt%7t =H
{1zl A A SRS B3, 2 wied wl(Figure 5(e) &
SIRE Fo® HolE FE §Ixp} Wol #EES & 7 Stk 1#
U Cloisite 25A/UHMWPE 73-9-oll= 24 7149 CieBIMD—Mica/
UHMWPE®] 7-5-2}= vij¢- t}= 7] o] A=A ke i1y

ru
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Figure 4. SEM photographs of (a) 0, (b) 1, (¢) 2, and (d) 3 wt% of C;sBIMD—Mica in UHMWPE nanocomposite films.
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(d)

(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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ERigict. oA viie] 2 412 1 nm 9] HE S5 e
oL, A A Afele] F3kE S Aol 33k vehdink T1Elel
A Bm5o] o] HErE mtAte] HrbHo] AR ke Fels
oAk g o= 531 FElE LEhlar Qlek ov] XRDeA 2
Aol HE o] 2 wi%d oz HE7} oRke] Eakel Fe)

ZoM, 43148 5%, 20074
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9} TR S Al 7RIt AE TEMO = ERIgh 5= glqlth
o] A#ZYE CiBIMD—MicaZ o8-8 UHMWPE WeEgAR
5 AEZ} eEE Adele oehes 3s & F Asith olH"
EAEHAl Fake HESE IRl Al 2] jlef| o3l & A
S W] HH A 1EAF AR HEO] ARgAdo] "ojx|A|
o oro R =018 dA TAIA o] FgHl eglow =-g3)
Al

3BHO 2 Cloisite 25A/UHMWPE 7390l Figure 7 (@) 2] FE
BB =0 w2 gjsle] Figure 7)ol BTt ojn] 9&
X—=A A3} (Figure 3) W= 737} gloxde] wheE bzt vlg] A
EE 719 TEM ARIC ZRElE FES] 7t 531 Zo=
Ko} e8] uleE|] oghE-S ERIIgIrk o]|gA] XRDS}F TEMO|
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(a)
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 C16BIMD—Mica Cloisite 25A
(Wt%) 7,(C) 75 (C) (0 wi" (%) 7,(C) 73 (C) 7,'(C) witn" (%)
0(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
1.5 0 136 436 2 0 133 447 2
2.0 0 134 443 2 0 136 445 2
3.0 0 136 442 4 - - - -

ks A3 281 = gl vl X—A s HES v
5 A ¥= FENEE BolFr] wioltl. = Cloisite
25A2] ZSoll= A 79 2 wt% AT F FEE f7|3 HE
E T717] wiizel XRDE] diE o] g3liM AEVL Blejes 4
Al sHA7E a8 Ltth
A M. Table 19 712t F 74 th& f7]3t HEE ARESH
Lheighlige] 94 Aol #g DSCoF TGA A3E vkl
C16BIMD—Mica$} Cloisite 25A2] T+ 7H4] & 713} AEE A}
S8 B3 A RS A HolRE(T) ' FES st A - 59
A} vl 2, AEE VIS A9l A7 ks
wEct 7,7t 22~24 C S7KIICE ol AH HESL vl 4% 37}
HEE Aol 77 S7he ol HE F Aelel 719 sle
A ARES] FA]le] o9 A ARES] segmental £4]%10]
WIS wol 77F Z7kE AoR BItk® siAuk 8§ Holen
(7Th) 9] 7ol AR 37F A - 58 Ayjel] 2 a7t fisith ©]
AiR= Th #olle AE7E 2 938 74 $8ka, &7 38k
A Asoll S vHA] &S ¥ ofy2}t Hed &Y} (insulation
effect) & UN=S & 5 AT
C16BIMD—Mica®l ZA$-ol, TGAS 0|43t %7] Bl &w(7h)
WslollA &7} 2 wte 7 T 7F 7k8le) METF 7k ok
ok Aol mmabd 7h ol ok 7 T 1S & 4 ek
(Table 1). A& H71l 28l 7p 7} Z718he o, HE7F 1%
2t FAbE|o] Hol o]Fshs ARE AN H2 2EE 71EA]
TEA AR kS oA wiEo e Ak gt A
E o] 3 winE TV Bl ¢ oPde] 2] Bellex

o] T7H= L A2 AT ke YeRAT) wEbA 11 o))
A PgAd AvR= 1A E319th Cloisite 25A2] 39l 1.5 wt%
7= A ebgAdel ¢k 11 C A% Vel 11 T2 HE9 o
TR el A ghe] o welens Btk AR ko] Tt
o]l wel 600 CellA 712A19] Aol Fakwir™) ke FA W
BF8IA] AL A9 A3 ghe Rtk o] AeRE 430 H7)
3t AT Az 78 Thells S71E g3k QAL 7wl
HAER QI3 a3}E AT it} w3t F 7 f713 HE &
C16BIMD— Mica BrR= Cloisite 25A7} 92 A3zlo] ¥t} o &3}
o] irt.

7IHA® ME. Table 20 713 HE FAF Foll W 5 %
A%, 27] 'ES] WskE 717 JERRlt) CisBIMD—Mica®)
A5l HF A A AES] o] 0~2.0 wtrz STl u}
5¢4 19 MPa® Z7lstgieh. e o] gk #7138 =S
3.0 wt%Z Z71P 23]8 17 MPaz 743I9lt) ol
ojn] ofg] ERo WEHIEU P WAFE oo
7ve FjeFe] el aubdow BAkR] Faha BaA A7)
Fgoz e 5= glom E QtofM i oju] XRDS} #AF &
o7 RIS vl lth(Figures 2%} 4(d). 7] I €HdEL
Sl A7kl 718 FES ol e} gdEe] s &
Ve QA3 AE H ool o Ao 99 vt
AZ FAsks A B FUtHTable 2). = FES] o] 0e
A 2 wt%E F7Vekel uet 'MdER 87794 1316 MPaz F-&
50%4 7181t oA 'HEC] S7Isk= olfis HE At
7HA 2L Q= 7Felska) & 2ke] aspect ratios 7FA AES] AA %

Pt

o

i

0

Fo
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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

C16BIMD—Mica Cloisite 25A
Organoclay B B
Ult.Str.  Ini.Mod. Ult.Str. Ini.Mod.
(Wt%)

MPa MPa MPa MPa
O (pure UNMWPE) 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 — —

wEFd ow Ae = Qlth ool HE Alolel] ARlE 1Akl
gk FARE] Bolu] ofele HE e8] STl ERel 2
5 Y g 7 o) HE Ft Tkehd sl g
sl o] Ark= on el AR A s ol de]
o] H713F HE A7k 2 kA ekl BAF AER Qs
AR NEA-HE W= HE-HEZ Ao Ageo] oF
A UER R ddo® Adget 4= gl

Table 201 ®3150] Cloisite 25A2] 730l C1sBIMD—Mica
9] 799l AAA o= vsest A ol Ha I A
AE2] gko] QoflA] 1.5 wt%Z Skl wet 15004 19 MPa®
718199 o] 3k HES 0] 2.0 wt%7t HH 2318 17 MPa
2 ZExeiolth 9N rib R 27] SRS E H7FEE Cloisite
25A2] ok wel WslEilEd], dE B0, 7713 FEIF 1.5 wi%
9 moll= 45473 UHMWPE (877 MPa)oll Blall 2F 65% (1450
MPa)u Z718I5t T 2.0 wt% 2] HE FEolMi= 967 MPaZ
23] 7Aasiick

A A AE @ ES FalEs 713 HES] ol weh
Wsh, 53] 713} AR ok | = oPdelrl= 2318 HAl
T2 7IAIA AdAE Wolmgl= o gavfE By 3o, F ] #
713} A& Z, CiBIMD—MicaX th= Cloisite 25A7} B &¥}&o]
=t o= olu] XRDY Axpsn]gd o2 #238k 239 Cloisite
26A7} aA} vl EgAe] o) & FAkE Q7] oz Ag7hE 5
it
1M Ba=. F71E A7RAPE ke e ERAsE 7|
ol FSHAl A2 el w714 Tkt oAl R 7hAEt
Zow A Qlrk IwAE WERAR ARREINLE A9l
AR ARSI HTHA] Ato] 2] kg dolut Q1) mt Fajee]
Hsls ) "ok olE 5o, F B2 Ale]2] Ao Z wlefi= 1
B} EBA Zof] EA161= & aspect ratios 7= @3Sk -
HoFol AE= Q& 714 AP G4A BsA] Eakal R A
Z(tortuous paths) & Aok s17] wliZel] 28] 71 Faees
7haiA o

Table 3°1 F5ol gt Ak(0y) FAEE 7713 HES] 59}
Bl wEk Jehjiel CieBIMD—MicaZs )43 vhir2shA| 9]
Ao= AEo] o] 2.0 wt% 7= 2027914 1304 cc®
DA st 3.0 w2 #7183 HEAME 23] 1785
ccZ Z7¥Rdth. Cloisite 25A2] -l CieBIMD—Mica2] 7
-9l VIR E AR o] 1.5 wth 7M1= 1297 cc® 97

¢

m

B oy

MHr

ZoM, 43148 5%, 20074

Organoclay 05 TR (c¢/[m®—day])
(Wt%) C16BIMD—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 60 5
Pure UHMWPE 2027 2018 2021
C16BIMD—Mica 1391 1434 1393

Cloisite 25A 1297 1263 1350

.. . . . 9
“Transmission rate is shown in unit of cc/[m°—day].

Ml ZEAsE 2.0 wt%e] 713} HEeM= 23817 2384 cc
2 FHTY STtk oldl Aiks oke] 7IAIA AdelA At
vk} o] JAIEE o)) f7)3F HES ks HES] B3o=
TR Fabg & glo] @318 71AY Tt Skl Al
2 Zo|g & qlrk

713 ] st a¥= vl F 7
13 WA= B AR AlHE 2219 (polymer chain—
segmental motion) ©]1 F WA= HE F Alo]oll dojul= 714
it Al 25 FA9 HR Ao H= 98 A= vl(detour
ratio) ol 23l A7gEch £ AT Aol ot HlE 2R Ajo]A]
Tk CieBIMD—Micag o83t the5gA2] 71} Cloisite 25A
9] 757} 714 Apdel] v mapzolgiet. ofw| kel A&k thz, -
ZA o7 gk y12lE I3k CigBIMD—Mica Cloisite 25A
of| HIBIA TF T4 XM, IEAL ARES] EAt 2RSS
A B 2 Frt A =] A or V1A Bt 2
F oAM= Cloisite 25A R}t g3}8o)#] 285t

1.5 wt%2] 713t AEE Eeh= e dA 252 71A 73
5 A Fio Wl el Table 40 B93rk 5= UHMWPE:
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o] di= H]5749] PE BE0] Fxol Fass ol nixt
A2 C16BIMD—Mica®} Cloisite 25A% 1.5 wt% ARE-SF Uik
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