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Abstract : The mixtures of ultra-high molecular weight polyethylene (UHMWPE), high density polyethylene (HDPE), process oil (mineral oil)

and

potassium hexatitanate whisker were melted and mixed at 150°C for 30 min, and prepared by compression molding to the specimen of separator of about
200um thickness at the same temperature and 5000 psi. Thereafter the pores were formed by extracting process oil with organic solvents. In this study,
the range of PR (the ratio polymer to process oil) was varied from 0.1 to 05 because the specimen turned into rubbery phase at which PR was below

0.1 whereas it changed into gel phase at which PR was above 0.5. When the specimen was treated with nonpolar organic solvents, process 011

was

extracted nearly 98%. Tensile strength was 31 kg/cm® at PR = 0426, and resistance of specimen was 37 m@/cm’ at PR = 0186, and 53 m®/ cm’ at PR
=0426. The Nz adsorptlon-desorptlon isotherm showed a hysteresis representing regions of capillary condensation, and the surface area at PR = 0.185
was relatively large as 130 cm /g Potassium hexatitanate whisker was randomly dispersed in between PE layers. It might be that the whisker is

intercalated through the PE thin layers oriented by compression.
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st WS Fo A8 AT LEFE FAANA £ FHAR
AHeEE SEHELE 32A18~201 @23 FLTFRE 7}
Ae 4424 2odn fd3ie 253 AdAgodA 24, 3
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Table 1. The Various Compositions of Particle Mixtures

aterial Matrix * Pota.ssium Process| Carbon
hexatitantate . BHT

Speci UHMWPE |HDPE|  hisker ol Black
SS01 13 wt% 1Lwt% |70 wt%| 2 wt% | 1phr
SS02 17 wt 18wt% |63 wt%| 2wt | 1phr
SS03 215 wt% 185wt% |58 wt%| 2 wt% | 1phr
SSM4 23 wt% 21 wt% |54 wt%| 2 wt% | 1phr

* The ratio of UHMWPE : HDPE=1:1
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7+ 2PAch 45T AASHES 200mxXTenXTem &
Eo] Wi 150TA 308 59 5000psiolr ¢E4¥sto 4
ot A¥AL Azt o7)e)M HDPES UHMWPEE %

J

e
x
ol
o
A
&
2
j=u
g
fi
do
N,
>
Y
N,
o
)
2
ﬂ)._‘
oo
n
32
lo
£
Ho
fu)
T 2

A 2E G AF9ez AHEstg R, 233 process ol FF
3 & Bty 948A AHESHA ol&d, carbon black
& 7HAE, 971 AU e A REE A A
593, BHTE Az 338 Eol7] dsA ABAZA A
Ak
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AAFeE AYAZ FAsn 1 AY RS Tt bl Al
A A7|E TemXTemB WES H|F 129 F& 3419 54
AT 22 3 4F 129 3% 600 mE AHAR e Az
o gutz AgHEE vz AYstn ¢ 22 wEes ¢
Z4atE 2339 1 AY R'E F3x oL 2L Aoz Ag
& A% RE FelAth

R, =R -R)/on

oA7olH Rz AT Aolm, R'E AUAS AP Aeel
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Fig. 1. An electrolytic cell in measuring electrical resistance.
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2.7. Morphology ZA} .
SEM(Jeol Co. JSM-3400)& A3t e A @AY T A}
718 #4939 morphologyS B2t}

2.8. 71A4H ME=AL

Instron(Uniframe TC-55, Satec System, US.A.)2 Al&3le] 2
A9 APAEE 2AHT. AHS ASTM 638D #70) ¢
3 ZA3sAch olw load cell: 50kg, cross-head speed: 5.0 mm/
minl 2 3tgor AN 73] A3t Fighe Hslgdh

2.9. 7IAEHY

A% NPHY Aavte F-2F 5E4L Lolur] st A
&7t28 FAAZ Surface Pore-Volume Analyzer(Autosorb-1,
Quanta Chrome)& AHg-3le] ZAslgt), AFHE 120CAHA 20
Az Azste] AFAHANH D7)(degas)@ F AHEHUT) 7)7]9)
4A54 Wt 1000mmHg7H 7bedtn 1es Aatag §
Az Ao, Felazne ME RO £EE T7TKE &
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3.1. Ael%te HEHAY
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sH o
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B ETYE ERYER HojAi15, 21~25].
PR(ZEAS process oil®] Z3tdl)e] 010 ol3tolNE HA%
TR0l 51, FUEFER BE7) JajA 7 £HAZ] Bas
. HEAAYA ddo] 24P EE PRo] 0504 M mat
T geldol Hol 4548%F o o wisZe] A ayn
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Fig. 2. Particle size distribution and cumulative distribution for
potassium hexatitanate whisker.
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Fig. 25 ¥ 2A¥dM A43 SEBILE 489 geiie
vebd Aoz FFA7ol 0.73melth Figs. 3@), (e &4 A
AEHAS 7red ASAZLA e FT-IRY 235 Yehih
@% 7H¥8 A9 spectrum®2A 2845cm™¢) peak Si-OCH;
|4 CH strectching ] 54 peake] ™ 1051 cm ' %ol 9] peak
T methoxy”] (-OCHz)ol @8z A peakelch. vinyl 7
(C=0)9) 54 peak: 1601cm oA & BAZT. (b)e 7H54
F9 spectrum& 24 ()M methoxy”?] (-OCHy)oll s %5}
1051 em ' g Goll M ) band7t 7tAsHe Fobe] M2e 7a peak7}
1047cm™'# 1132em ol A ¥gH Si-0-Si A% AT o8N
BAsHA Hed AL silaned L Uehim 9ok w3
343cm™’e] peak™ OH stretching®l )& peakol™ 968 cm ']
peakt silanol’] (Si-OH)Yl & Ro2A 7ppRs|d o s
SiOH®| peak7} #4¥E ¢ 4 ik 2822 SiOH peake] ©l
g Si-0-Sig] AI719) w7k 742 Reldh weky gHHos A \
& AL aRHoR JeRgHdYL & 4 9ok Figs.
3o, (e €78 SHIAZF Ao ddxgd SEuAR
# A9 FT-IR 285 yehint (@A 3427cm™ peaks
OH stretching peak® YEFdAoIY, 960cm M E Si-0-Siel
peakE UERNE ok ZHEE SElEg M8 Ag AZ
FAZt EHHoz FRIAa & 4 9ok

3.3. FEANY

Fig. 4= SS03 A8 9] process oil& 3%317] 93t hexane,
petroleum ether, toluene, TCE(tetrachloroethylene), acetone®] £
e AHER Z2AE Yl Zolth Acetones A Loz
process oil& FEF 49 220 AAPL W A9 80~90% oA
9 F2&¢ Holthy} 5¥o] AAPL w) A 9~%8% o]Ate
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Fig. 3. FT-IR spectra of specimens: (a)natural vinyltrimethoxy
silane (b)hydrolysis of vinyltrimethoxy silane, (c)natural

whisker, and (d)whisker treated silane coupling agent.
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Fig. 4. Effect of extraction of process oil by various organic

solvents with lapsed time.
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Fig. 5. The resistance of specimens by sulfuric acid with polymer

ratio.
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Fig. 6. Isotherms by nitrogen adsorption-desorption method for
specimens: (a) SS01, (b) SS02, (c) SS03, and (d) SS04.

Table 2. The Surface Area and Pore Volume with Polymer

Ratio
Specimen Surface Area(m’/g) Pore Volume(cm?/g)
SS01 130 229
SS02 110 165
SS03 Y 12.8
S804 82 11.0

Table 2& 24F% 7t22%H Add Az 594, 7139

238 e,

3.6. Morphology Z=A}
Figs. Ma)-(d)e Ae% AgH9 3
I PES SEEIZE A3 AAR

g el Aoz wEl A E AR 249 dA4o] HuP
°‘Zﬂ—°4°1 BAEO 9gS ¥ & gk oA S£5EFFHA
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2 n2A s devt wel AYw APHe] nguze
Z7t AU 9¥L n A Fig. 7(a)e PRE 0186224
process oil¥ ol AY B A9 AHARHuA AlRozA
process oilo] F&¥ F9 Ze J1FE B £ e Wy Y
2, guestdl SEEIZEE 3277} randomdtA EAE0 e A
& #EE £ 3, EF process oile] PELY] AESA AZo)
2 gAs=e] Ad&E B 4 3ok Figs. 7b), ()= PRe] %7
1269, 0.3710.24] Fig. Tt 22 Fgg Jehhx gt Hgee
Zv Za¥sE #2Y F 9tk Fig. 7(d)e PR=0426%] process
oild] ¥kel Y H2 Pu|AAHN 2N PE7F A gelihs e
ozx PE7L M2 FA3le NF&o] o2 e H4de & 5
k.
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3.7. 89 Mz7=
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Fig. 7. SEM micrographs of specimens: (a) SS01, (b) SS02, (c)
SS03, and (d) SS04.
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Fig. 8. The structure of layer-like pores.

¥ A< intercalationolth, PEE A¥A T matrix?! hostZ A
£5HA PE wjdEl process oilo] BAE F FZ5E uhd 3
g 2719 AFE FAsL, SEEILE HHE guestdd AF
24 AHgs e, o8 ¥ host9} guest?} *1& BEEE FRE B

Atk 53] SHEIZE ARE AYTRE 7Y, 349 TiosY)
ZHAE /M g7 gE BEA 1}111011 FFE Hodtrz o
£ 38X S4E AN E A2 4EA YUTHIS-20]

3.8. oL £H

Table 3% PRl wE AdA <A M3EANS Uehdth PR
o] 0186¢ w AFAE P 2B LL l2kg/cm29Jr 10 kg/cm’
Hols, wao] 04269 W 31 kg/cm’S 28kg/em’S BAY. EM
DA, process oile] %¥o] F7}3te] wet 91%7&5‘.: 7AasL,
T8z Fo] F7EFE AAREE Frkste AL vehdc
ol PES] %ol F7igol wel vdd oz 2718 A3 2 PEY
Aol 7137 WEoz 449 g AFLE PR 0186
9w 72%Z Holw] PRo| 04269 wi= 218%= 71 3u) A=)
F7HEE B o AT 2 x7] wAdge] AL npAv)
Ata B4 5 gk

3.9. WIxg2y
27143 23¢ Fig 15 A8a500 $3@83e o

S$(Pr0)E AHEAYT, FBEARE B4

AT ASE FFAN o4 ol BUH T, LIAHE
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Table 3. Tensile Propreties of Specimens

Specimen Tensile Mozdulus Elongation at |Tensile Str;ength
(kg/cm?) break(%) (kg/cm®)
5501 10 72 12
SS02 17 110 19
SS03 2% 180 2
SS04 2 218 31
60

z
o

Electrical Resistance (mohm/cm’)

o
49
o
30 1 1 1
0.1 0.2 03 0.4 0.5
Polymer Ratio (Polymer g/Oil g)

Fig. 9. The electrical resistance of specimen with polymer ratio.

ol stslel ¥

E mechanism$ &

AT 2% APPSO, S AAEA Hed o
sk oed 2ok
FFuL: PhO, + 4H + 2 = Pb™ + 2H,0
Pb* + SO4* = PbSO4
&3ug Pb = Pb” + 2
Pb* + SO = PbSO,
AAE: PbO, + Pb + 2H:SO4 = 2PbSOy + ZH,0

olg W& £3-FAukg slFoln, o HAN AFHEL
AHEA o158 F A se AL ulE Fwe Ao 23l
o =g, HAsle 92 st Azde] XFEAAAY 2 BIE
dogled o]lF AoE ¢ v Aol 87

Fig. 9& PRol @& AsfdzlAge Z4ge& yebd Aol
PRo] 0.1869 o x*aﬂzmxi%— T mQ/em’E Rolw, ¥
PRe] 04269 W 53mQ/cm’e RSk X3, process oile] %ol
Z7ge w2t A AZ|ARL BasE AFE BJY oe
process oile] F7Heel wet AT EgAl9] hostd] nEA Lol
A de] BAE = Sl WAF FEE Bo] Hddly] wiof o
29 gFol 4¥3y] fFEN Aoz HzHn,

4. 2 B
ZeodAg hostZ AHEEIE SEIRNZE HHE guestE At
£33l 7}AAZA process oilE PRY ¥ &(ZEA g/process oil

gl mel wg - FAsm 150T, 5000psid) 2AAA LHHHL
% ¥ process oilg F714ME FZ&3ld PEZ Alold) nAHZTL

TUSH, Al 9 ¥ A2 T, 198

FAANN Z27] Felgg AzP) ol LEAY 2244 &
g Az oA AT 277t A2 9 AFs LFe
o}“‘ ?;_V“; AFEE Wi B g AFo] HYHBE,
& #2837 YA Z2YutE host2 AHEEE, ¢k W E

%"31‘174, I 276 FAE guestE AYHAA BRF AFRA
o] 4&& Rold: intercalatetty R E2& 7|golth Az Ad
o AgAezRE oy 2 A2 48 F U

1) A A¥HY process oil hexane, petroleum ether,
toluene TCES-# 22 H|34 °71%"H§ A}g-3ted %%‘?} A7
process oil® ¢ F2 3PS B 0~RB% o} FEES
By

2) WAHEA Alde & AF AdHe BA 7#4$E PRY HE
o] Z7igtel w2t st ol PR gtol 059 7MAES
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