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ZAe|uhe I EA(UHMWPE, HDPE), process oil(mineral oil), 22]7}, carbon black 2 BHTS] YALHER 4=
PR(polymer gf/process oil g)2] H]&ol wWa} process oil] &8 Z2) =} process oil ¥ A7 FEE 2 T/HY
AP Axsd AL 25tk vFA f71802 353 A Al 98 %2 process oile] FEHI o d7t
o] F2e FABPEF AN 308 F=rt AU S FA 2SS B UIEM A1FeAE process
oile] o] ZAaFl wat Ael 1% vitte] AF AFES eI gR=e] AS, T AIEH ZF PR 571l
e} Z|ARS Brt 2712 B3 Y whd WA AT AFlME process oilt AElFte] FFol FtEE
Feln Ngu) Agol Yolde AE BTk P2 FLAYN T AFHL) B process oile) Fiko] Tk
FE nEPZo] 2713 Bon RA#E $=2 e hysteresis A4S VERITE ESE, SEMS] £4 FAxpolAe
process oil] FFo] F7IEFE nMAlFe] Z EXHY Y2 AT + AUTH

Abstract — A separator was composed of the particle mixtures with polymer(UHMWPE, HDPE), process oil(mineral oil), sil-
ica, carbon black and BHT. Two kinds of separators extracted process oil, and process oil and silica with PR(polymer g/process
oil g) were prepared, and then their properties were investigated. The specimen which was extracted by nonpolar organic sol-
vents extracted process oil of nearly 98 %. The extracted amount of silica showed slowly the weight loss of specimens with the
lapse of 30 min in sodium hydroxide solution. The resistance of specimens against sulfuric acid showed the weight loss of
specimens of nearly less than 1 % with the increase of PR (polymer g/process oil g) ratio. As the PR ratio was increased, the
tensile strength was increased but the electrical resistance of specimens showed the high resistance value. The isotherm by N,
gas adsorption-desorption method exposed the increase of the surface area with the increment of process oil having hysteresis
regions of capillary condensation. In the result of SEM analysis, the micropores within PE layers was well distributed as the
amount of process oil was increased.

Key words : Separator, Polyethylene, Silica, Intercalation

LM = WRAe) ARG Alole] B WS WS AL a,

B4, A9 AHoE WS BHELS 49 U AFWo|

2 A7 AR FEE DA A2 A%, AFT AN AIVS Relshe 9 v o ANAY 9B 582

2 v¥slel e7E AW 2 244 el B4HeE & BE MRS 9BL W) oy Acue] aPHE Fad

THI Sl ol2E 38T AXE AEshe Pde I ¢ Al 542 daids 33e g eE a8 vehle B ArEe A
2] %S TPIE P A IR - zE=s}, 433 & Ze A, S0 B 84EASe] AR R

2 AFEY 70l Bo) WSEAAR 24T gEAe] T o]

HI 22 7AE 543 w2 A7ARE e A0 ke
WE Sol AAMEHI ArH1-3).

ol Ame 2A) Wl I 8T Alolo] ¥ oo AHF
A o155+ A she thEgEeln ol@ Aue] g pe

2=
71849 A F2% 715e] a7E A, A714Q) AAA =R

TE-mail : wjlee@wijlee.chonnam.ac kr

465

o259 d¥Y 3E5S Bt AL Al & AFEL 7
€ A%, AL e I20M Aol & A9 ¢ = FL 71AF
A BEE Ze ZEul, =3 Aol Aein 22 e 2=
Aeld, Aside] 2uE A ] Y3l gk FAE 2= HEno
LFETH2, 4-11).

F39 A Fele sso] Y AEZS2 YFUE B
E 0l leaf FEje] AT, polyvinylchloride(PVC) H2He-

LEE
2EATIEEA doj] AL, R mARe e P 2EA A

Il



466 o)gkAl .

FE ol A, 22 polyamide”] EE polypropylenedl s
g0l BAE Fo] AN oY HIds 58 J)AH 4a
B f71ds el P At FHE envelopeBEIS] polyolefin
Zzjgo] AREEZ UTH2, 3]. olgt 7 WS Azl A Tk
S R3] sl ZEAE IAZ X FUS F7)9) 2204
g AUslEEA UEAFYshes FHol ZEAL njyAEo] HH)
He AL A sk ARt =8, H2 b e )
= olRAA F 2lFolL AR 2ol AT uhe AMx]9] g w
AzZE F7F Asdhe ko Fe geE fA87] 93t poly-
ethylene(PE)¥} polypropylene(PP)2] T}Zo= Aoz ZHa)ulo)
ARSEE ITH10, 11]. oF&E, ol2d AYuse B2 E3 g
T 5o AT 5 lon 53] ZUds), delda) 2 ojlew
grtogN 4o WS IAZ 4 UTH12-15).

B dradXe Aee AzA 28zte) EYo s Qs was
T e PEY AlF S WA sk mEA Uie] X2
st AF:2M 9 8L RAS= intercalation 71E-S =5
tH16-18]. AZ=he Azx3l7) 15l 2EARZa)o| L (ultra high-
density polyethylene, UHMWPE), YH =Z ]| 9# (high density poly-
ethylene, HDPE)2 hostZA] ARS-3193L, AEFHS guest2A] AR5}
4k o122 process oil, carbon black BHT(2,6-Di-tertbutyl-4-me-
thylphenyly& AM8-3td 200 um HE2) Ao|E(sheet) AT A%
3tk AT AR BAL F2AF, ks A1, s
AE, Al F-23 el 9@ wEWE 24, morphology B, A
HANAL &3 Tl o3l HESTH ARV Hege vws
Aol & BLHNT, 71AH At S5, Be A)AYLe 7t
Au2A ZAzte] giFdate 8 7jxEEA o)ed 5 gle A
o7 7ldgg.
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2-1. WEx|E

& A¥IM AM8Y UHMWPEE YE 2944(EF)9 grade Hizex
340 M& AH8-8I%Y. HDPEE 3'249-(F) grade 7000FS] A|E-L A}
Sttt E3, AF9Y e AFe Rasis dayke F7o] 20.25
i@l FEBHGE) zeosil 175P) AEL AFLEIAT}. Process ol
(mineral oily> Sigma Co.9) AMFEL AM-3}T carbon blacke 25
()9l grade N330& AME-s}H.om ksl <FHA|Sl BHTE Aldrich
CoS] AlF-E AHgslact.

2.2, Z2|9te] Hx

2 A AR Feizte) wjg 24 ¥ Tuble 15} 2T PR
(polymer gloil g)o] 0.191511ME F23 TRHo] Ho] YT 3
wo] WAs] 43 PRo] 050l E TEEAE] o3 whukea

Table 1. The various compositions of particle mixtures
Material Matrix? Silica - Process Carbon

Specimen UHMWPE/HDPE (Wt%) oil black BHT
ESSP01 SS901 12 wt% 20wt% 66 wt% 2wt% 1 phr
ESS02 SS02 15 wt% 19wt% 64wt% 2wit% 1phr
ESS03 SS03 18 wt% 18wi% 62wt% 2wt% 1phr
ESS04 SS04 22 wt% 16 wt% 60wt% 2wt% 1phr
ESS05 SS05 25 wt% 15wt% 58wt% 2wit% 1 phr

Dthe ratio of UHMWPE : HDPE =1 : 1

PESS01, ESS02, ESS03, ESS04, ESS05 : the separator extracted process oil/
silica

98501, SS02, SS03, S804, SS05 : the separator extracted process oil

Siefzef X373 H38 19994 68
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o] ATH11-13). WebA PRE) WAE 0.1-0.52 AN Heute
Az3t7] A3 HA process oilt AelFHS A5 38 T HDPE,
UHMWPE, carbon black 223 BHTS £¢sle] 83| &dtd 9
AEFEL WET o] JAEFEG EA7)(two armed kneader, IKA
Co., Germany)°ll ¥4tz 150°CollA < 3087+ &8 43 3,
9 5ol ¥ Y259 8000 psiold & ¥ 200 um F
79 Aejukg Az 15 AL o8] 7K fr18ve] Y=)
XA process oitS F2% A1 H} process oil L AelFlE e
NBEE Azsl] BEAHL AEsYo

2-3. &MY

M@ e process oite FE37] 98 11 Eehizo) §)
£-0ll(methylene chloride, 1,1,1-trichloroethane, hexane, acetone) 500 ml
< Fslo] Azd A9e fujse] Yoy 2o ¥
23 Lo DB A F Ae Ao AR g, 2
A ZFE AL oF2E process oil 2% AwFte] 2z
80°Ce] 40 % NaOH®] &9l AXAA Ysjglon, ojg Az} %
2ol o2 FA S A7l wet 2489

2-4. LiASHY Al

B Fol SAR g AL 2= AFo|t) )
T 13U & FE 500 miE A zE, FLxE ARS-ale] 80°C
2 fAAZL F, o] F& 3t £ ZAE %R 7 APHL 54
b Bt FHY 2 F AFEL Ado] 3 dRedo] gl 28
T2 & AofiisL 80°C 2B ¥y A7+ A% AxA|Z T87
7] FolX &l AN 3 AYRES thed} o] 2sin}

AEA AEH FF-A 5 A8H A

12k 71ak= —
AF FE%) = PEEpTEEES X 100

2-5. M7 |ME =8

it HelzolA A Selo] ARE 527 sl Aau} Ale)
ol dele A7IAYS s A7AY ZAFAE Fig. 13} 2
ol AzpstRom, Hajd71Age] 4Fe KS C 22020] )5 AJa)
siict. szl AsAL ¥F 129 B A 600 mIS A2 51
A3l A1 B L delzd HIF 1290 B FAS ¥ geiz
€ ARSI 258 25°CE fASHEA ARAZ Alold] 1AS 3
2 g9 Aol AT AYPslE AYAR 2Hslm 2 g RS
Stk 2 F AFHY 2718 7emXTems WSO} H1E 120] B
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Fig. 1. An electrolytic cell in measuring electrical resistance.

1) Electric source 5) Current (Pb)

2) Variable resister 6) Voltage (Cd)

3) Ammeter 7) Electrolytic cell
4) Electrometer 8) Specimen
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2-6. Morphology Z=A}
SEM(Hitachi Co. S-2400y& ARS-3l] A9 AJgHe] T AR
£ #9359 morphologyE #23}tt.

2-7. 71HI% MEZXA}

A& ASTM D6389] F49 <Js) Z43152H Instron(Uniframe
TC-55, Satec System, U.S.A)S ARS8l B39 QA= 24
3FAT}. ol load cell:2001Ibs, cross-head speed: 1.0 mm/min® &
staem A 38 A Hagks FAsiadh

2-8. JtAEA

Zejgt AJEA] Ay EHE % 23] Surface Pore-Volume Ana-
lyzer(Autosorb-1, Quanta Chrome)E AMg-3te] AAvkxo] & gzt
whio g 23313tk 40 ¢4 AlEHEL 100 °CollA 2087 A%
sto] Aol A] B7](degas)3t & AREEACE. 71719) ¢kEEF 3
HE 1,000 mmHg7HA] 71638l I&E A47tAE S22 ALL-3)
o, k39 AE RHO L2 203 °CE FA37] 935t
HAALEE ARSI 2 2 93 S24e AYE (PPy=0.99)
o] IR AT AAEE ofF FAHUCH ATEHEY 2 ¥
BijtellM e AA Ay 2HE SsT

3. 24 W o

3-1. A2 9o MBHY ¥ F=

£ 434 2889 AeZelx HDPES} UHMWPEE 718 A%
£ 712 sheetE: FAIAF17] 8iA AR EQ O, ATlyle xE2dE
Ee AlFS F9she 98¢ sdth. 283 process oile £
viell oJa] FE2F AL T dsiA AgER oW 97 7
WA 8 Mg S 98 ANAEAHE 7ERE carbon blackS 3
7¥et3. o™ BHTE 4tshix] &3E Fo|7] SJejx A2 AL
HAth AlzE Ak vinee A 39 0L =G,

AP PEY §82% ool w=r) EHsd 7AS e
do| HY FAA YAE FUSA BEAFHIRE AHo] dojA) 2
Y AEAPoE A TEA e BAoZ 93k A
& HAHE WA 98 A=) PR 79UA SlE 2ATZRE o)
F= EHIEHE (host-guest complex)?] FEIE VERJE intercalation
WS =UEen At AgHe] A 2777 984
AFGES = guesd) TS 231YAF HAo] Huid Fx] ¢
FREAF Al]E F BT PEE host2 AFSEWA PE Hjak:
9l process oilo] B4 ¥ FE2EE= 9 A 7)o AT F
B, deke guestd] AFBA ARSEHUT B AFNME pro-
cess oits FE3 AFE HAHANNF hoste} guestt A2 WHEE=
T&(Fig. Y% 71 A8 H3 process oild AFIS ) 2=sin
22X Ao AFANE g=A 3 AP9EL AzsY)

i oX ofp

PE layer(Host)

Layer-like pore
Fig. 2. The structure of layer-like pores.

3-2. £EAME

Fig. 32 7} H]&2 A=xH AIFH process oil F&317] 9351
methylene chloride, 1,1,1-trichloroethane, hexane, acetone®] £vlE& A}
43} AlZbel mE process oile] F& AAE HFdt] Ueld Ro)
t}. AcetoneS A|2e &2 process oile FE3F A 2%o] A
< 9 A9 90% olde) FEEEL Holthyt sHo] AAS © A
9598 % ol FEES HHATh HFHo acetoned AREEIM F2F
€ W FEES WS S Al sEolde] BFaslde v
80 % A=e] F2E7 Bt o7 A2l £XHo| Y= process
oilo] ¥F4E Ad EZZ ¥|FA guile] 3181=0] acetonest 2
/38wl Bl process oile] F&0] ] Lol¥ HoE MzHHT

Fig. 4= process oil°l $E€ AlEHE 80°C, 40% NaOH &
Aol FAAZNE Alzhe] w2 FAZFS Yehd Rolth. PEEALe]
ol A9lE A3t 100 %7K #2571+ JET) oy 2Rzl
4538 Tt Lx 13 e AL AMgEd HeEvle
FEI Z3 AFHEL 30%0] BHINHA 95 %ol el FARLES
Holn] 1A|7ke] A3 FAZGALS dide Byt
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Fig. 3. Effect of extraction of process oil by various organic solvents

with lapsed time.
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Fig. 4. Effect of extraction of silica by sodium hydroxide with lapsed
time.

Weight loss of specimens(wt%)
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Polymer ratio(Polymer g/Oil g)

Fig. 5. The resistance of specimens by sulfuric acid with polymer ratio.

3-3. LHASEMAIE

Fig. 52 process oilo] $Z8 AldHo) Uj§t PR = A|@He)
FAZAES YepTh PR 0.18Y W RAZAEE A9 34% A
29 FAZAES 2o, PRO| 0232 A% 1.1 %AE ZAZAS
< E3om, PRe| 2zt 028, 0.37, 0439 o FAZEAEE 19 o
3 HAIrh o]R& PR o] FU15e] wet 7R2Ale] Zrlm we)
WAF TEA] FAYEs Z719S B ol PR o] 052 7t
THRIRTS AEFEF T/ B2k 59 993 gedo g ol
Bl i T APHL Hol= Row Azbdc)

34, MY gl B

Felet YR AT BEE 2 A3 2 B9 Wue 3
2728 AAWL SwolN TskbAx FRAZ F, darkeg v

B Belsle Faviie] §RAUL AMel BT Fig 6
& AP} 227 AeHe) 42 FH-2H 5LHS Uepdry. o)
g€ T25FF4-E Brunauerdl 93] 53 679 FeExne =
Ve F2del AgEs ZHelet el e mAF 7120 714
7F 2712 Wk £59] o2 Q3] mAlH o] Yoij= hys-

BHRPZe X378 H3S 199944 68
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Fig. 6. Isotherms by nitrogen adsorption-desorption method for speci-

mens.
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Fig. 7. Isotherms by nitrogen adsorption-desorption method for speci-
mens.
@ :SS01, A :SS02, M :SS03, @ : SS04, X : SS05).

teresis7h AT Fig. 72 A7 348 Aau AdHe] @A
F2-2% 52408 e Aold o] A¥WY AT Fig. 63 wat
7HXE hysteresis Edo] FFHJYOH Tt FAE Tkl
78 Xy

Table 2= PR whE MFERHF Algiue] A3t 7= g
ek 7EeAR] process oild AwlFhe) dako] A|Y Wol 4w =
ZEe] B9l SS01 AlgHe] e wIEWH 2 ARy} Zhzh
137 cm®/g, 0.64 cm®/g 24 ThE A|@Ho] vl 743 2 ghe U}
R Qlth. =&, Aste 38 ANPHY A7) Aevte 25
g Al HjE) o7k %2 FHYI FHARS Holw itk Aa)
7HE F&3 AFEHES H2l7t FEAFAM, 80°ce] Sakshles &
A2 o183l AeEke F23 § 25°C 2R AFstT U
60°Ce 2EA Axsh= EQF Bxjzte) 712 (intermolecular dis-
tance)?t AHFRI 7L ZO1EWA AJPWUY] o] WA}, o) A
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Table 2. The surface area and pore volume with polymer ratio

Specimen PR ratio Surface area Pore volume
(m’/g) (cm’/g)
ESS01 0.18 135 0.17
ESS02 0.23 102 0.15
ESS03 0.28 81 0.14
ESS04 0.37 76 0.08
ESS05 043 48 0.07
SS01 0.18 137 0.64
S$S02 0.23 113 0.60
SS03 0.28 103 0.46
SS04 0.37 99 0.46
SS05 043 81 045

e AR} F7ele mAlAlFe] Fadr] wEolr). vF

AHE BT APRE FARA Y25} PEF Alelol A

x15k 1841

» 5K

x 15K
(e)

Fig. 8. SEM micrograpgs of specimens.
((a)-(c) : the separator extracted process oil/silica, (d)-(f) : the separator extracted process oil).
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&5 8t AAEe] FAE AN fRes AzE

3-5. Morphology Z=A}
Eﬂﬂﬂaﬁﬂﬁﬁﬁwl%iéwéﬁg&mquﬂmﬁq
Fig. 8(a)-(c)= process oil A27}E &3¢ A1PH FH AR
ZA3}o)3 Fig. 8(d)-(f)= process oilE F=3F AW Fxjo|o},
Fig. 8(ay= PR®] 0.182*] process oil#} 7|7} %ko] Zﬂ%l o) &
8 A1gHe] SEMe] 4 AFZA process oile] FEE ¥ B
A AlFel T X e A& #FY + J2H Fig. 8(b)-
(c)= PRO] F7Hte] w} Fig. 8(a)st 2 aEH’E— VeR A gE AlF
Y Axe 234 gase #2%  doh £9, Fig. 8(d)-(HoIA
o] SEMEW AR Fig. 8(a)-(c)] A=<} u}zw}zli A &
AYe Felo] AlF EE AEE 3R F glon Hzyl 54 "]
AR vlg] B MFol EXSL USS Y o} ol A
A A7t PEF AtololA] ulAAlFe] AL ket sloiA 1

210

x15k 6003 1Dk
@

%15k 9815 ; 210
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Table 3. Tensile properties of specimens

Tensile Elongation Tensile

Specimen ratio modulus at break strength

(kg/em®) (%) (kg/cm?)
ESS01 0.18 3.5 27 25
ESS02 023 53 39 37
ESS03 0.28 7.8 122 60
ESS04 0.37 8.0 127 91
ESS05 0.43 9.2 136 96
5501 0.18 5 68 19
SS02 0.23 9 98 32
SS03 0.28 11 151 50
SS04 0.37 12 177 74
SS05 043 16 211 88

F9ge 97 roz 47hEn.

3-6. QAT &H
Azt AE¥e] PR w AFHE} 54 Table 39 JehiY
o A27ke ST AIEHY] 739l PRO] 0.18Y o AFAEE 19
kglem*& HE o9 0439 ZA9olE 88 kg/em>2 UERAIL}. Hlzo]
AeFHE $23 1AL 794, PRO] 0.182 W) AT E 25
kg/em?& Roln 0439 A$oE 96kg/em?S HYTH T AJ3 W)
735l FLEA 2EALS] Fol FA1E) Wt AAREE ZylERie
7A%E YeRIT. ol PE9) %ol 713 wel Aol =719
7] 2oz AP, E3, AFe &5 3o APHe A
7} AE7FE e AW HiE) B2 dARERE 29 o)A
< 80°Ce FASHIER 8oy 28 AL sl I A
I FEE F ¥ 2 AZARAM FEg Y] HESoe] £
HAx TEAYY FAUESE F71897] gE Res AzkEd
ob2g ek JgEe] Afole AU 229 A9 ANFHLS PR
°] 0.18d ™ 27 %E Ho|u, PRo] 043 W 1363 %= A2l 5]
AR F7HS B v, AItE a3 AETe A% PR
°] 0.18Y W 68 %, PRO] 042% W 211 %2 BJTh ol AP
Adee 88 AR Agt Ba7)e Aoz AzkEn

37, HMIINMEEN

A7 APEHL Fig. 12 AH88len F38Eae ojakshg
(PbO)E AME3INT, SIFEAZE S Ay}, BAsis
AR FFoIA oldshdol BUH I, SFME Fddo] ksl
ol ¥ A3 BT Hd(PbS0,)S e B oS mechanism
& FHIY 023 2

FFREE  PbO, + 4H* + 2e = Pb* + 2H,0
Pb? + SO = PbSO,
S :Pb=Pb?* + 2
Pb?* + SO~ = PbSO,
AR : PbO, + Pb + 2H,S0, = 2PbSO, + 2H,0

olE W2 &3 ANE 7)ol olaist FFPoM AL 2o
B ©15E A e AL vz Fage] A gt =
3, ke d2 s Aigo] AFEQMHAY 2 Bae do)
<8 °1E A4 5 = Fve] 27}, Fig 9= PRo| wa
HEFHE 22T AEHI Arts 4 AP g Asjas)
Ao S vehd Aol dgske 229 A4S, ¥R A
7142 PRO] 0.18% ™ 44.7 mQem?, PRO| 043Y W 88 mQ/em?
< 2o A7 SR AFHe] A9 PRo| 0.18Y w A

SiRfE% X373 H3& 19994 68

100
-~ [ ]
§ 80
E 0
2 °
g 0
Qo
g 60 o
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o o)
8 °
ES °
E 40 0
w

o)
20 A 1 Il
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Polymer ratio(Polymer g/Oil g)
Fig. 9. The electrical resistance of specimens with polymer ratio.
(@ : the separator extracted process oil/silica, O : the separator pro-
cess oil).

71A%L 29.2 mQem®S Ho|H, PRe] 043 o 75 mQUem?S B
o} o] 5 AlFH] A9l process oil?] ¥ F71tel wEt As) A
71 hdhe FAF AFL BAT o= process oilo] 27}
Sl w2t A=)eh BhA9] hostgl TEA Sof Fsdo] Exg 4
e UAE FEE Bo] Rd] mie) ol o] A
HEd Aoz Az, vhddl Hste gad g A A
F7E 32T AFHY Hls) ¥e Ar|AYre Bk o= dg
71 3 AEHe] A, At PEY) Qgwte] Rxoa o]
st B & Sl Fue AZHNE WAslmas dsle =
E3 AIgR nisle] B npAlEe] BAEQy] WjEo s AzkeEr

4.4 £

2EAL] B Ee g APZ M AT Z/)E Ao
o RS w0 R S S wRAje] QU] Rgow o
3 Algol FAdEle AMe B} mel 2 A7olME= PES host
2 AME3IE A7 guest2 AHE-3R= intercalation 7]&-S £¢I3}
o AEEe Axse] tedt e A8L de 4 gk

HSA #7180 (methylene chloride, 1,1,1-trichloroethane, hexane)
& ARSI process oild F&3l] ML HAA A}, 58] A
I T 98 % oY) FEEL BYoM Auvle] 22 30ke] 3
FPAA 95 %ol el FALASL Holn 1A7k0] Azt AE
Aol FAZE SRS IR £ IRk E3, ATt B9 A
U7} d7ke 53 AFH A, 595 PR 3] 27kt
a2l Ae AR uabsde QAT IR 2w =
712 Q& 371k BRI £ ilen W), Aiskae & g
A yyos A FAFE FHE g3y AHANANGL FAge
A + AAT. Ol process oild} ATt o] pasE
AlEe] 4ol Zasly) BE Aoz Mztdn. 3W, Adsie 3
f3 AP Aeol, Aerte 228 PR vsle] Be 7
A B FHF 2T 2 FRARES RE wiEo) Axy
EdfNE o e e JHES AT 4 AU WA, e A
Y MTA g A FEE T Adske Az 9
e R el Helrls RIS Aejuto] desle 229 4
2utol Hlste] wlga stz Az,

z
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