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Effect of Nonionic Surfactant Solutions on Wetting and Absorbancy of PET Fabric
I. Mixtures and Dilutions of Span 20 and Tween 20
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(2003. 5. 30. F4)

Abstract

The effects of changing aqueous solution properties by nonionic surfactants on wetting behavior and
water retention properties of hydrophobic PET (polyethylene terephthalate) fabric were reported. The
aqueous solution properties were diversified by mixing and diluting two nonionic surfactants, i.e., sorbitan
monolaurate (Span 20) and polyoxyethylene(20) sorbitan monolaurate (Tween 20). The surface wetting
properties (cos 8) of PET fabric were greatly improved by adding 10'1g/d1 Tween 20 and further improved
by mixing Span 20 to the system. The water retention properties (W) of PET fabric were also greatly
increased by addition of 10'1g/d1 Tween 20. In diluted surfactant systems, the cos€'s were increased with
decreasing surface tension of aqueous liquids. The ratios of aqueous liquid retained in the pore structure to
liquid retention capacity (W/H) were also increased with decreasing surface tension, however, W/H values
were dramatically increased right after critical micelle concentration (cmc). The existence of micelles was
important for the retention of aqueous liquids in the fabric. The critical surface tension of PET fabric used
was found to be 28.7dyne/cm.
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FEERH
LM = FAEL M g 2ole AR SR wle- B
& FEAAAE 23 Qe AT dfelth BHF
B 5] FHE5GLS o8 HHPL I3 AL B U st AFFH oz AdEo] glon, o
83 Asoltt ol Af, A, Fe] BHol 2] 4 AL G o E EHdsLE 38 37) oY
& e K (wetting) FE BAlH Fato] dojr}y) ZIth(Hsieh et al., 1989). wietA] st PH o2 5
AL 713 72E 72 J=7Hwicking) T F2 718 =YE A5 B 2] AYXA HY o]
9GS A "ol PET (polyethylene terephthalate) 3 oheksl A Ar B3 Ho] 9loh(Hsieh et
al., 1989, 1996; Hsieh & Cram, 1998; Tim & Hsieh,
o] =RL 200245 STetn SeATEAY 2 Qo) 1993, 1994). =7 o] F-7 (418, AL, 1990)
8 AFEAE U HEe TE2EIFE 9, 1997, °1F3s, AL,
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20010 w2 A2 FEAG EA #F AT 4
= B Hol gith 825 ZAE 48 Sug
A FZQ o1 ged EA2H FeSA LA
THeksA M= o] of2 ko] o] B ohg dAHE
A= Az} del AHg-so o) wet PET JEof oist
AL o F BS Eold Hgolr)

oo} o] HFAFe 8 818F 54L& gAY
Avt e & 3138 540 AR o FEE AL
S AFAEY SE5AY FF At H A @
TARE 2la] JPHA o}, AA o FAS w3
AA AFAEY $85498 T 98 AF7e
Aol o] R YA gt wpetr E A= AW
A Hored o3k xEARANT 2AF #Ae] 3
A=ZE ABEIAY 7Y T g d¥He=s
AR st & A-RAIFY] B4 Addglol o
Ao] 45 HIANA AHAF FHE59E TA
LA o= EN, 7H 59 F9F T 7Pl
Ao] AL Al =2 Fo Az A8t
A= vlo|&A AHEYAZ nonylphenol polyoxy-
ethylene Z|7} F2 A}g-Ho] gon, AHEYA < A
FAEe] 43BE BAL ZHHRA FANUT g
2 G EAd g AR E AYst, A 5
=2 Hu §94E 48 F e FF =4g T4
Agsiohn Aok AHGAIA AR wE EAE S
dadte] v]g A7 HEe] £33 0F T4 Eix
710E § Joge} AztErt

AR o)A dFolA] Hlo|2A AUGHAR oA
Ao EAS WA, AEEA] B 254 HAE
I AEd 254 B JEF7, 71T FF
FEHGY 5 859 v 97 AxE Bist
Aok A3, 2001; Kim & Hsich, 2001) &, 344
HAEL 53 B Hg HE o] Houz AW
B FHobol 2t d o] A bR FRe
1 A5 BAES) HELE AREAEA Holel 9
8] o]-& Yold AW WA R JA=73 FASIR L,
FERGFL FANAFZ (cme) ©)F @AF P
= HKim & Hsieh, 2001). Span 203} Tween 20,
40, 60, 80, 21, 61, 81, 65, 85% 10% <] H|o]-&A A
HBPAE o8& ATlA, £548 BAEY &
E-A (wetting 3 wicking)2 AIHEAAA A7t 23]
FAEY O Axe AHEAA Y SR/ wet o=
™, £3] Tween 2134 81 &) E37} 53 Aoz
Bl AAEAFA 27719 giaert Fotete] %1

0] Tt A5 AAEY 854S A
=y, 24719 BXEr} ZrlebE S5 &

Atk (FA 3], 2001).

weld B dAFoae 254 PETEE] Hjo|&
A ARGAAA ] A7t o8] FH AAH 2 &
ol 9% 44 5 AL FHEA0) oRA ¥
BlEA & oA AT(Kim & Hsieh, 2001)9} ¥l
&stnA} gt

IL A |
1. AleF 3 A|HE

22579 Hlo]2A AHEAA sorbitan monolaurate
(Span 20) ¢} polyoxyethylene(20) sorbitan monolaurate
(Tween 20) (Sigma Chemical Co.)& A 84 &L A}
39 om, AHEGA 9 B4 HEd A8 B
=2t} (A3 8], 2000, 2001; Kim & Hsieh, 2001).

Certified grade hexadecane(Fisher Scientific, y=26.7
dyne/cmy& A&}, -2 Millipore Mill-Q water
systeml] &% & AMESIEL, BHEAAELE 726
dyne/cm, pH=6.2%t}.

100% PET ¥ & & (Dacron 54, homopolymer, spun
yarn, #777, Testfabrics, Inc.)0] AFE-E 0}

2. 3 & M2

PET A &2 A%gt 27|22 A27 499] & o
A 635emx12.7cm )& e & XA EFES
AAE7] A5l oo Wy oez AMIAE AT Vi
9] 500ml B]o]A9l 1,1,2-trichloro-1,2,2-trifluoroethane
2 50m¥ 2er}t. PETAE Z72H 7% A AR v
o]7]ol W parafilm@ 2 §-& ¢, 287 £02 5
3O3R X & Aol T A H)o)F] ¥ oA
parafilmS 2 @& F 287 BEX 387 R & AW
t}. 1047} fume hoodoll A 571-871& LA &, 3
A7t FLdHTN BRI ACAYE 3 $ AL
B3kt

LAHEYN 82

2579 wol2A ABEA Span 203 Tween
208 emeol el YAEEE FAH EABT, eme
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ol3le] FEE WAXNLR Nt ztzt T
A A AHEGA] FRAL e EFAE AH
ARGAA FEE 107'gdl 2 FX5HH, EFu| &2
Span 20 : Tween 20=0: 100, 20 : 80, 40 : 60, 60 : 40,
80:20, 100: 02 gttt 34 A= Span 203} Tween
20 247+ 107-107gdl 322 At $4 107,

107 107, 107
W 3Ee
Wh 7 9AE
W AEs

lo

=

ol 2 TS

o

, 1079 TE2 4% &
£33, eme AR 4 F

oAl 172, 1/4 52
2Rt Vs AREEA 8o
59 cme A5 27 W33 o)Zlo] 4 A
H|2)7] dj&ojrt. ARGGA =8
EHAHL processor tensiometer(K14, KRUSS)

7Jr74-°4 =
EE WY

4*43}&] ®

B AFg3Ele) 23813, emezt2 341419 Gibbs plot
A e EEA L HLBILS thee] Aoz 73t

TH(Graciaa et al., 1981).
HLB=X; >(HLB)

old, Xi= zH &9 FAEE,

9] HLBZHS vlepdt),

o] 2% % ARTAA EGAS HAAL
EURY R8s

549 #8485 wEA He,

1

(HLB)= 7} A&

D

26.7-72.6 dyne/em®) 1, HLB #+9) ¥ 9+ 8.6-16.7

ol

4.

11|>

284 5%

ARAES $854 33 PEe be =84 &
A3 A Ee] ITh(HA3], 2001; Kim & Hsieh,

2001). Z°] 6.35mm°| 3.
AT

Zo)7} 25.4mm? F=F7}
microbalanceo] 302 uijdi, M|

A% £ A5AA AB27) ol BL o

=S sl Hge] wFol WalA e uo)
FABYE 27, ABL AHZRY AT T
FHABYS S1=T} ol AB,= HE) ollE )

o] FA (Wbo] ‘4. RE AERZGE B3 AHEAA
FEY L o] &3t 23],
Fw=(AB1—AB2)g=(AB-W))g 2
F
f=cos™ — 3
cos o7 3)

ojufl, F,=fabric wetting force, g=5-H7I&%, p=
fabric-liquid perimeter, y=% A3 &e|t},

EH ATGAHA FEAE 0] &F FAo] B F,
7} sample THA] 23 57]0AM REAFEE 484
7HEet Az BESHAY. FF8E sampled p
(fabric—liquid perimeter)& 735}7]1 13l  total
wetting liquid (hexadecane ARE)$} HEZF o o]
o 6=0° = cos 0=1% 7}H g}

Fw
p= (C)
Yhexa

T2 e ol A1 9] AA) B -f-&(liquid retention capacity)
2 t}E o) oA 3, o)m] Wi, hexadecane
FA, Ware AREGA 78 FA, Wapie JEZ
7} 27, Prexs s hexadecane®] LT, pugt 22 U=
£ LErdit).

w
H = hexa (5)
pheanfabric
W = Wsurf (6)
pwaterwfabric

H(hexadecane, ul/mg)= @9 & A 3 24
hexadecane®] F-3]o]n} 2| Zo] A B {5HL 1}

KUY

Table 1. Physical and water wetting & retention properties of PET & cotton fabrics

Characteristics PET Desized Cotton* Scoured Cotton*

Fabric count, warpxfilling (yarn/inch) 72x77 84x77 86x71
Fabric weight (mg/cm®) 113 122 116
Fabric thickness (m) 276.4 310.6 309.9
Water contact angle, 8(°) 78.7 86.1 40.1

Cos© 0.197 0.068 0.764
Liquid retention capacity, H (ul/mg) 1.39 1.80 1.93
Water retention, W (Ul/mg) 0.10 0.39 1.92
Water/Hexadecane ratio, W/H 0.07 0.21 0.99

*Kim & Hsieh, 2001
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W= £ el Z, W(water, pl/mg)
= @9 FE 7 F BAE B9 R dA B
2 €9 #9& vehliy, WH = o] F g9 v &

L. @2t 3¢ ng

1. PETE S22 A HEMA 580 £Y

PETHES £83 5434 8542 Table 19
verdich AAstA] 2 WA EY S v &
) (Kim & Hsieh, 2001), PET 2 &2] cos 67} 47 =2
A YehJE A2 Hol PETHE9| Ed FH4o] 1]
A8 dHERY T ST RS ¢ F UG Wk,
A AABFFHMEI 252 B W)= PET
A &o] @A YePgdth. ol A AHEE HAEY
Uz} FA7F PETA & vls) 7 2 & 22
03, E=F cellulose hydroxyl7]9] 3154l 28 2
F g, 53 WH = PiF™E HAEo] 0.21
el Hl3l, PET AE°] 0.072 m$ RA UehtA,

Table 2. Characteristics of mixed surfactant systems

(107 g/dl)
Span 20 : Tween 20 S"Eﬂfjﬁ}jﬁ",“ o

0:100 38.0 16.7

20:80 32.2 15.1
40:60 315 135
60:40 30.7 11.8

80:20 28.6 10.2

100:0 26.7 8.6

PET A &L 713379 7% wo] B2 AYA Aot
= 2Ag ¢ F 3tk gy B ARBYAE It
st QAo EAE WA, &4 PETHEY &
SEAE A Hart ity AztEn

Span 203} Tween 202 Z3HA] AHBEA 484
o A AREHA B2 107'g/dl 011, o] cmeol
9] FEg, ARGIA Y vjd3 G2 A Yejrt EF
EA32 e Aeloltt. o], Span 209 EF H]&
o] AAFE FHAHS HLB o] WolAdtiTable
2). A4A ABRFYA F2Ae FrE 107107 g/dl
2 107'g/dl ¥ro] cmeo) ] FEO|X, 1 o]she BE
cme ©]3te] 22 ZA ¥ o] JYTH(Table 3).

2. EEA AHEYN =20 Me| PET 3 &2
E85M (emc 0]H9 &)

Fig. 1€ Ed & 3 PETRE9 cosb= 0.197
(6=78.7914], 10"'g/d1®] Tween 20°] A7} AS
cos 0= 0.773(6=39.4°0.2 #A3| =713l PETH
9 ZRA4 a7t v P4, o] Span 20

1

Span 20
08 P Tween 20

0.6

Cos9

04

0.2
water

0 R
0 10 20 30 40 50 60 70 80
Surface tension (dyne/cm)

Fig. 1. Liquid wetting properties of PET fabric in Span
20 and Tween 20 mixed surfactant systems.

Table 3. Characteristics of diluted surfactant systems

; Spanfz ‘ o Tween 20
cme=6.13x10"molAl, ; “eme=8.04x10"mol/l, ave. MW=1226

TE TE Surface tension FE FE Surface tension

(g/dl) (mol/1) (dyne/cm) (g/dl) (mol/1) (dyne/cm)
1.0x10™ 2.89x107 26.7 1.0x10™ 8.16x107" 38.0
1.0x107 2.89x107° 30.9 2.5x107° 2.04x10°° 49.3
7.5x10™ 2.17x107° 54.0 1.0x107° 8.16x10°7° 524
5.0x10™ 1.45x107° 60.8 5.0x10™ 4.08x10™° 59.7
1.0x107 2.89x107° 67.0 1.0x10™ 8.16x10™ 68.1
1.0x107° 2.89x1077 72.1 1.0x107° 8.16x107° 71.7
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wat(ﬂ
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Surface tension (dyne/cm)
Fig. 2. Liquid retention properties of PET fabric in

Span 20 and Tween 20 mixed surfactant
systems.

& EUY AS Budd ade 97 o
6=29.9-33.4%5H= AL & & AU} oA A+
(Kim & Hsieh, 20012} H]zs] & wj o] FH H3
B3 A9 $AE FX R AFA PETHEE E il
AREAA 24 E AM-EPE wl$ foldA BH
S AL F UL ¢ F U
g8 YA BR-5EHH) & HE wE st A
o) glov, 2R B EyW)e AUEAHAY 3
7yl o8 A8 FAATH(Fig. 2). 53] AFA Al
HEAA Q] Tween 202 HA7HIS A$ 37} 713
au, A5A APEAA QL Span 200 EJHE A¢
HAE B9 Roe 2435, o) AAEA £
A7F PETA & §2H o), Af7]e A& oz %
3oL A7 & £Ho g g8l Span 202 A$
227]E 3709 hydroxyl7} Bolm g o g 33}
o] B2 wbH Tween 209 79 370¢] hydroxyl”|
B olyz} 20mol®] A ethylene oxide”]7F A7}
Hol Joma B g 131 o] wj$ Pale] 2
B4l @A)35] FdE Aol Az} & ,{ 44
ARG F2E B9 AR ZAL A5
7Vete AE 71F F2 WEEe) 2AS ?ﬂ%a Eles
A7, 2FAE AREAAZ Y x8E A HH
BHO A o] Aty ZAH dAo] Asdd
I AZET ey I A"EEAA Aris o
g E Roe 8 FERFIEHS 2A AR
TS ARG A v el E3E o 23 &
BRS¢ &g 4 itk kA Span 20
Jr Tween 20 Blo]- 24 AWEAMA = 4244 PETH
o] ¥UAY &3 ¥ ol FERFEE AT
FINAA AEY F#HEXS v FYATE A
£ & F Uk o]& ol" 97 (Kim & Hsieh, 2001)

=
©

{oo
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o May W, vAE 54 BH23 R
2 & 5 9ok

A%

]

rlo

3. 84 HBBAMT $80IMe] PET 3Ee)

H5E85M (cme 0]3l9] =)

AR o] T=7} Hold BHAY ] Frtetd
cos 0= A A18] ZEadte] AE BHL 37] HE2
THFig. 3). cme ©]4239] XA cme ©)3e] FEE
HE 749 cos02] 58 A3l dAHA =)
wEbA FHAALE ZRAH] ol mlde] f#
Fole 2A 9% A g= AL ¢ 5 AU

1

cmc 0|4t
08 L, omeold
»

o 06
8 N
O L]

0.4 = .

A a
02 ® Tween 20 dilutions -
4 Span 20 dilutions
0
0 10 20 30 40 50 60 70 80

Surface tension (dyne/cm)

Fig. 3. Liquid wetting properties of PET fabric in
dilution of Span 20 and Tween 20 surfactant
systems.

PETHES A AALR{FEH g 2{gd 29
23 (WHE 9= o2 A4S 2odFEth & AW
G9A gd0) A «145101 TEst pAhEe ¥
o] F718H WH & 24k, cme 0434
oletz W3t W F3] & FA2E HAFU(Fig. 4).

1

oiat cmc 014 = Tween 20 dilutions
cme -+ Span 20 dilutions
08 -
06t
L
= 04 r
02t
0 . ) L .

0 10 20 30 40 50 60 70 80
Surface tension (dyne/cm)

Fig. 4. Liquid retention properties of PET fabric in
dilution of Span 20 and Tween 20 surfactant
systems.

Wl 2AE 29 1)
frol o 2 9 ¥

o



144 sl=10|FstolX|

Vol. 27 No. 9/10, 2003

A 22| 7$(Kim & Hsieh, 2001) Span 209] 3]4]A)
€ PETAE 593 A7 HoF1), Tween 20 3|
A= cme WEo Aol EHAH Frlol o
Z WH = AA13] Zragd). o]d g olf= By
3] we = glovh 71" AA Y B 2§ g Al
w8 Ao ZEd FE5T & Uk
714 AA S FREFZo| v =& PETY] 7+ Al
AEAA 2] Bl FAIRLe] TR e o] AHEA
A 7149 FRERFFE FIATIA X3 B8
B2 32 md e e, mRE 2EE Ft
&% Bof| 3 SR E{-3o] PETH & A< 4n)
2 Fol A AWEEA H GEA e Al
HBAA T 7189 WE AT RS & 5 AUTh
oy AR AREAAY 7S dEA dH e A
HEGA = PETY] A 59t vV 2 T2 84% &
A3 AA] G AE B Frh

Fig. 5& cos06%} W2l A E BodFr} eme 0349
ZANAM cos0} W F43F Ao AABAE HA
Fu. &, &9 WEHFEERH, absorbancy)d] 571
BERAY e AHAQ Azelnz, HHo| FY)
AYAFE AE Yol B{se F9 92 Bolxnt
£ Holth ol &4F& o|£% PETHEY £&54
o) g A A3} (Hsieh et al., 1996; Hsieh & Cram,
1998)¢} cmc ol F= 10579 Hlo|&A AHEA
A& o) &3 nAHE WA B 3t A+ AH A,
2001)9F Y3} 2L} B AFNAME cme 03]
ZANM Wgko] 73] 453 AL B 7 ded,
ol AWMBAA g BEAo] F43] Wslsto
uj o] FAH7] A&t md Yo o] Eo] B
$57) W)Eol2}t AztE ). o|= Span 20 F-EH& ©]
£3 oA™Y WA E g AF A3 (Kim & Hsieh,
2001)9} YA 3ok & AHSE HA 7t EolAY BF

14 o e i e

© Span 20 & Tween 20 mixtures cmc Ol =

D 12| ®Tween 20 dilutions
g 4 Span 20 dilutions cmc 014t »°
3o ’
f =4
S o8
3
+< 06
[
o 04 .
“'v' a
2 02 water 4 ® ® =t
-
0
0 02 0.4 06 0.8 1

coso

Fig. 5. Cos 0 vs. water retention values for PET fabric
in Span 20 and Tween 20 surfactant systems.

cme ©]3F -2 cme o141 AHEHA| A A
of 7ol Eo| YT Al W = cos8] F7tl
et AAH oz Zrhett 2y cme o]F A o]
22 HalE goll= v)de] A o3 TRERF
o kA7l A F7HEe S & § vt g 4
59 &8EAl(wetting 3} absorbancy)yg #dA17)7]
M= cme 01 T AHBGA TEHE AME
3k Aol AAFolge AL ¢+ A

Fig. 69] X 3AANAM cosb=1¢ wh2] surface
tensionS F3PH 28.7 dyne/cmE ©] PETHE Y critical
surface tension®] ¥t} Hsieh 2} (1989 T A= o)
ME E 4537 AAQ water, glycerol, triethylene
glycol, 1-bromonaphthalenes |83t T}t 42
o} PETHES $&548& S48t HELL 251~
67.0°, critical surface tension 11.641.8 dyne/cm ©]3Z,
ujxg] PETHES HFZLE 67.0°, critical surface
tension 38.7 dyne/cm=2 X731tk A9, Obendorf
(1991)l] 23} PET 2E9] critical surface tension
485 erg/em’, A58 A2 o] PET AEY critical
surface tension 9 4269 erg/em’Z B2 AT B A
TFo| A= PETE] critical surface tension ©] o|d A+E
off vl WA vl ol 2 d7e) AH8-€ PET
A& HE7to] 787°2 o)A AF+(Hsieh et al,, 1989)
o} vlws) & o) T o7} ¥ Y E B,
g old ATEo| AlWAR ] HE & TSt FF
9] AAE AHESI] A H) W] B dFolM = Al
AGAA T MR AW A HFGAA dE S
AL g2 Holth wEA olet 7+ o|FE critical
surface tension®| A VEPE 228 AZ}e = glo,
olof] th3t o)f= A EXME W] AT =
th. B A7eA AM$® PETHES critical surface
tension ¥ 4&zHe 28.7 dyne/cm®} 78.7°0|H, o4 A

1

08

06

b

0.4  y=-0.0181x+1.5107
| R2=0.9406
u Tween 20 dilutions
0.2+, span 20 dilutions
L © Span 20 & Tween 20 mixtures

Coso

0

0 10 20 30 40 50 60 70 8O
Surface tension (dyne/cm)

Fig. 6. Relationship between Cos6 and surface tension
pof Span 20 and Tween 20 surfactant systems.
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T(Kim & Hsieh, 2001)A4] A8-H v]HA w52
critical surface tension} &7+ 28.0 dyne/cme} 86.1°
2 AR A9E RoEu 2y viFE B38|
PETHE Hl&] =5 o A EHOZ, FHF Yo
A ol S & F AT

Iv. 4 =

5 79 vjo]2A AHEAA Span 203} Tween

209] EFAS} 44 FE9E A3t PETAE
o] #8544 BHA4 o (wetting, cos 0)9} FE

fr-F(absorbancy, Wyol| tisje] A+& & A3}, o
&9 4L AUtk ojd) EFAE eme o4, 84
AE eme ©]3t B9 AHEYA gHoltt,

1. 244 PET HEY cosbE 107gidl F59
Tween 208 AT A5 W B E9 A9 FA
8 B2 A3 4=, Span 208 EFE A
cosO= 27 O FFEHUT

2. WEE 10"'g/dl F59) AREAA] F7hel 23]
AAT) P, 53] 2154 AAEAAAA Tween
208 H7HEE e Tt IHA AWEAEAY
Span 20& FH7HME o] B 4359t

3. Al EAA 9] FE7T eme )8R Yol EE A
Hol F713HH coso= AA 3] A3, cme -0
A cos0e] FAE Wshs douix] et whebA
cosfE EUAH| Foln mjAe] FRo= & 9
Fg A gethe AL 4 5 Uk

4. AR GG A TEgol A A Ho] FE7} cme
ol3tE A3lHi TUAHo| Frlshd A ARG
g g 24d B9 Y3 (WHE 74sed),
cme AF)A 53] & HgE BEE. gy we

FRAY Hoe vdY f5o 9 & 9% 2e
R e

5. cmc o139 ZANME cosbt W A A
o] AaTAelnz NEe HHo] A HAYAFE
HE Yol RfEE B9 ¢ Bolxtes e ¢
T Ath 2 Y eme o1 ¥l wikel 43 A4st
= AL B F e, ol AWEEA L9 E
Jol F23 Wzlsly mado) YA AFetnz
v o} ool Eo] B{H7) miolzt Aztdc)

6. ©] PETZ]E 9] critical surface tension 28,7 dyne/
cmZ FHEZo] 33 W AYAr} e okdd ¥y
2 olRT 988 & 5 9.
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7. ol Akl & wis} o] 244 PETHEL o]
£ ANBAAL Frio) N FRHY Ee}
SEEGE 5 S50 A PAE, 2 £
£ ARGHAL 543 589 FE, 22T v

#7 5ol 9L e

&2

rok

77 8. (2000). Span 205} TweenAl AREAA 2] E/F7]
Aolixe] BAARA A ARZY AF. FFYF5=).
24(7), 1067-1072.

44, 2001). Hjo]-2A] AMEAA +8qo] ALY &
EA4 viAe 8%, §79/7 557, 258), 1444-1452.

el 2ok, (1990). At FFH 2§l b E9
FEAG B0 B A7 #5979, 14(3), 229~
240.

o153}, A5y, 2. (1997) HAFSHA 9T Falo
ZHZ2 4E8e 71F 27 § ¥F 23, g5YFRY
A1 21(1), 206—216.

°l%§} 2. 2001). B E)2HE A& 715 A2

1 2 Bl ) £RAY, 15297813/ 2502),
379-388.

A&, Obendorf, K. (1991). Tensiometric' & ©]- &3+ 31
3} PET 49 U5 24, #9283 154),
431-435.

Graciaa, A., Fortney, L. N., Schechter, R. S., Wade, W. H,, &
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