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Abstract

The effects of nonionic surfactants on detergency and water wetting/retention properties of soiled cotton
cloths were reported. Two different soiled cloths were used: soiled cotton cloth 1 was made in the lab.
with carbon black, tripalmitin, n-dodecane & palmitic acid on Korea Apparel Testing & Research Institute
(KATRI) cotton testcloth and soiled cotton cloth 2(EMPA 101) was purchased from Testfabrics, Inc., USA.
The following nonionic surfactants; i.e., Span 20, Tween 20, 40, 60, 80, 21, 61, 81, 65, & 85, were used in
the study. The water retention ratio(W/H) values of soiled cotton cloths were decreased, whereas the water
contact angle values of soiled cloth were not changed markedly compared with those of unsoiled
testcloths. The wetting and water retention of soiled cotton cloth 1 was improved with addition of nonoinic
surfactants. The surfactants which have more hydrophilic characterictics or unsaturated hydrophobe tails
were effective in improving wetting and water retention properties of soiled cotton cloth 1. The water
contact angle values of soiled cotton cloths were extremely low with Span 20, presumably due to the high
adsorption density of the surfactant. The detergency of soiled cloths were low in Span 20 and high in
Tween 20, 40, 60 & 80 0.1g/dl surfactant solutions. Nonionic surfactants having higher ethylene oxide
contents resulted in better detergency. In the range studied, the wetting and water retention of soiled cotton
cloths did not show any particular relation to the detergency, whereas the surfactant characteristics,
especially HL.B values, influenced the detergency of soiled cotton cloths.
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FHo ZERE 7 29082 wE £33
ool AthHAHE, 1992). Berg(1993)= EHAA]
(wetting)> AA &} TAT}Y Y FESL AL W o]
B Alolo] BA dsarge] AXAE gdoz, 3/
WA HE=7F YA, A BHo) AAe] 3 (spreading),
o34 24 712 U 2e] g9 AR (wicking)E EF

Gk sk, wheb ER A (wettingye A1 K
A Bl Yozt 470 AFF = Aok,
= AP AFOPIF Agshe, of

T AT 34, 034 AeH o7t 1¥ e
7kt Aoz 9% 2 8549 Rol=g
& 7 vk AX) FHEAQ R AR E7 37
A 7 AP Fo FEEA A A7t S
A YL YA oGzl FRHEA U A
A o]FoAR &3 AUrt WA B d7oME 2
HE FHE5A S A8l o Eo] 2F=HAUL 1 &
&540] oA Wk olsfsla AuBAgA e &
o] edx o HFREAH AFY riX= JFe A
gHog y@stua} st

AHAES F85400 g A= A8 APA+
Aol o3 Ao gon, ol A F /] AT
Hyoz pRE 5 ok AUAE A4S 58
54E TN 98 ARAEe B 31ehE A4
& oI H o2 WA 7] ALK Hsieh et al, 1989,
1996; Hsich & Cram, 1998, 1999) E/4d0] A& ThE A
S MRSk g, A2, 1990; ©)F3), A
298, 2001)3% FHA, Al S5 WA F)A] & et
FF] A”BEAE Hrete] dA ] BAS wgA
AX N g2 FHE9L P 7= W EASE, 2001,
2003; Kim & Hsieh, 2001; Kim, 2005)°] 27 o]t}

ARE ol AFA WHEH PETHEY &
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71eld AWEAgAY] eAel Frlete AR 2
EAE 7R 254 WAEY F85A40 T
2, AREAA Y TE7 CMC ol 7oA

vl Z71eVH FEE 9 A FREGF
A3 =71 hR A 3], 2001). PETHE] £HA
A& Tween 202 H71e A9 Ad A EFH FAM
Zro 2 dA3s) FA4EH, o]o| Span 20& EHET A
< 27 ¢ gac gudae xugEe] ol
o glde] fFole JeL X qo, FREAH
< S| R & 9 TerhEA S, 2003). A
HEAGA 7T ArEEA] g ASde 4 Al "2

Moo = M

B 70
PETS] FRE{Fo] I} ARGEA7T d7H2 B¢
=34 37t o 2BE AE 4 o FER
o] 2ol A It PETY] £8574 e
53 AREGA 9 K717 BESFE]] Hlol&
Al ARSGA 7} o]t ABEIA7L §l& 7
$ 434 shge] €9 = PETY FREFZHS 7t
o] HA| ¢k PETY} Y53 21, rewetting agent *|
g7t Ho] Y= PETY FEEAFS 7HEHA g2
PETRE U} At th& PETA &3} 2] rewetting agent
A7} Ho = PETY FaE42 &7 AHEA
A A7 FE A=, ©]= rewetting agent 7}l
23] HEo] vj- 27] 52 FHE = AHEEAA
E4oe FF¢E 21 ¢7] mfoldt AZETHKIm,
2005).

ol9} 7Z+o] 2 ¢t B YE 9 FHEA WA=
B AUt o]FojA L gloy 2 FE HAES
FaE54d dEide oFd AAFR A7t Sl
A9l o]FojAA] & Yr}. whEA B AR =
AEe} QFT Y Hjo| A AUGAAA FEH 2
o)A 2] &HEA (wetting, wicking, absorbency)g Y]
X3t o] AAE M & (detergency)FF FH St L
etz gt

IL A #

LA R AEE

Span 20, Tween 20, 40, 60, 80, 21, 61, 81, 65, 85
(Sigma: biochemicals and reagents for life science
research)s 10%¢] vlo] &4 AREAIAE AH83IA
o, ARBAA Y] F29}
(A 3], 2000, 2001).
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Fabric count, warpxfilling (yarns/5cm)
Fabric weight (g/mz)

Fabric thickness (mm)

Water contact angle, 8(°)

Cos 6

Liquid retention capacity, H (ul/mg)
Water retention, W (nl/mg)
Water/Hexadecane ratio, W/H

209.3x155.5 232.3%232.3
1104 89.1
0.254 0.153
54.5(2.03) 53.9(2.57)
0.581 0.589
1.87(0.01) 1.23(0.02)
1.90(0.02) 1.32(0.05)
1.01(0.01) 1.07(0.04)

*( ) represent standard deviations

Z7]=35 nm, pH=8.9)% Fo}FHE B8 (F )0l A
=& Aol ARSI, certified grade tripalmitin,
n-dodecane, palmitic acid (Sigma Chemical Co.)Z AR
shach

Certified grade hexadecane(Fisher Scientific, v=26.6
dyne/cm)S AMHE-3FE R, E-& Millipore Mill-Q water
system®l] |3 £FE ARG OH, TRAHL 724
dyne/cm, pH=6.4%3 1}

AEE Axe FFAFAIFATA(KATRD B
Z (ML, KS K0905)2} EMPA 211(cotton/percale
unsoiled; Testfabrics, Inc. USA ol}A )L A1_-5)
om, =24 593 FEE49-E <Table 1>3 2t}
LHEE FFAFAFAFA(KATRI) HHEE| o}
gel o At Y QAT (LEE 1) EMPA
101(2. ¥ 22; cotton with EMPA standard soiling; 7+
E3/8-8 H{(olive oil); Testfabrics, Inc. USAo!A]
D) 27 & AHEEHATE S HE 1S B0
28+2% HA ol AL ARBIH I, LHE2EMPA 101)
o] B FUNARES 16.7%3A Tt

2. 2 =E N

S FAFA T WHZ = oju) FHo] Hoj ¢
ou®g IR AR LR S MR B
A& et 2184 A (tripalmitin 3.0g, n-dodecane 3.0g,
palmitic acid 3.0gy2 mortarol|l A S8 L83 F 7}2
£ 1.0ge 7tske] £33t} 1,1,1-trichloroe-thane
800gel VS 10X10cm® WHEE 134 7} 9
Ao FHFowA A Al Bt gdsA ege
o} FE Qb AR T A A olE o] Yol A
AN 157U A4 F, WAL Bashe 153230y

el AMg-BT.

(313 3], 2001; Kim & Hsieh, 2001). &

RF7IAM BEIHE ATAY F

2 g =
Atk Eo

6.35mme] 2 o7} 25.4mmel FEZF7}
< microbalanceol] T2 o2 gy oA

S U SRR JSAA B2 ok L2 AA
z

o~
o),
S~
- .
o
)
St
S et

St GHHES sto] AL EEo) W 2L U

FBYE Y, AEL AAERY BN T 7+
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A FEd L o] g3t gt
Fy= (AB;—AB2)g=(B-Wy)g )
f=cos' = )
pY

olwf, F,=fabric wetting force, g=2H7I&%, p=
fabric-liquid perimeter, y=liquid surface tension ©]T}.

E3 AUEGA 8N o] &3 FAol B ¥,
7 MEE o] G2 Eg7100A ZENHE 24 HE
ot Az BFESESUC 258 A1E2 p(fabric-liquid
perimeteryZ 75171 $13+4] total wetting liquid(hexadecane
AR HEFE Y 0w, old] §=0° F cos 0=1% 714
Eig=

F

w

= 3)
P Thexa
T2 e ol A ©] A H-F-FH(liquid retention capacity)

T4 Aol 84 e, ol Wi T, pi= A
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W
W= surf 5
pwaterwfabric ( )
H(hexadecane, pl/mg)e= 2E9] AARGEFHO
71879 e el W(water, W/mg)e= AA 25
A £ F9& vy, WHE o] F e ¥E
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4. MHAE

AEE 5x10em’ Z7|2 ZEhM FAMAIES
A gt} Terg-O-TometerS AME-3}a] 0.1g/dl AR
A & 1000mle] SHE 4uf¥ ¥ ANY

[+]

O

ol
7F Agg. 22 27404 S/ 1000mZE 387F
23] AZ F A AR, AFE 4 AF e gu
WALSS 2480 9%, 0FE, AT THUAL
£ Z27E th22] Kubelka-Munk2]o] 2l A3 &<
AArETE

Kubelka-Munk 2]
2
1-R
ks = L ©®

(K75~ (K", 100 %)

Duss(%)= &%), (K7),

R: ERALE

(K/S), : YEI K/S gt
(K/S)s : Q.G K/S 3t
(K/S)w : M H 3] K/S 3k

Im. 2z % 03
1. 2 Eo 4284

&85 0] <Table 2> YeR}
$ HFZL 51.1°013 WHE

0.772 YEFESFZ 545°, WH 1.01)9} 02L& o
A

'g_ = i=3
sttt QEE2EMPA 101)9] AEE FAKeH
Fe BoiFed, HEZE 53.9°A 57.6°2=2 oF
U & ¥ske 9, WHE 107914
234t} ole A&7 LHHNUE

o) AFE 02 AFHE RAFAG. 28} o)
24¥FY o7 23 H TR 5o TS 2oy
&g 5 Ut

2dxE19 AL, vlo|&A AHBAAI} AE o
BE27e EA3 2Asla WHE 271890 ole
o] A(# A3, 2001; Kim & Hsieh, 2001)%1X4 =
A&Ho R Hol= AR, AHBAA H7o 23]
ANEE= EHe] 7] A& HHE g3 FAlO FEE
FHE 27188 & $= 9t} Tween 20, 40, 609 35
£ 2y, AUEgAY o] F7HETS(Tween
60— 40— 20) &2 Z4sial, FEREFEFW)FH
W/HE 7159t} Tween 603} 802 vl atd AH
44 28719 BEHEI SATFE ARA)
Aasld AE4e 22y web WHE 3713813
t}. Tween 21, 61, 812 73-3-9} Tween 65, 85%] 7%
T 593 AL BAFY. ol X HAE 94X

3oor o o

Table 2. Wetting and retention properties of soiled cotton cloths with 0.1g/dl surfactant solutions

Water | 51.1 (3.73)]1.39 (0.04)| 1.81 (0.09)|0.77 (0.03)| 118.19 |57.6 (1.60)|1.21 (0.02)|1.28 (0.03)|0.95 (0.01)| 111.50
Span 20 |16.0 (3.06) | 1.62 (0.05) | 1.80 (0.04)|0.90 (0.01)| 52.37 |17.3 (2.69)|1.09 (0.02) | 1.16 (0.06)|0.94 (0.04)| 52.19
Tween 20 |23.2 (0.94)|1.72 (0.04) | 1.85 (0.04)|0.93 (0.01)| 72.93 |31.7 (0.98)|1.09 (0.02) | 1.16 (0.11)|0.96 (0.08)] 70.35
Tween 40 |30.8 (2.33)|1.67 (0.04)] 1.79 (0.06){0.93 (0.01)| 68.23 |28.2 (2.31)] 1.08 (0.02) | 1.22 (0.02)| 0.89 (0.01)| 68.95
Tween 60 |32.7 (2.63)| 1.64 (0.04){ 1.81 (0.04)(0.90 (0.01){ 7624 |27.7 (1.21)| 1.04 (0.02) | 1.10 (0.10)|0.94 (0.10)| 78.06
Tween 80 |31.9 (3.26)|1.71 (0.04) | 1.83 (0.08) [0.93 (0.02)| 6638 |32.9 (2.35)|1.08 (0.02) | 1.11 (0.07) |0.96 (0.07)| 66.06
Tween 21 {232 (2.11)| 1.65 (0.04) | 1.81 (0.05)|0.91 (0.02)| 67.94 |25.0 (2.64)|1.10 (0.02) | 1.14 (0.09)|0.97 (0.07)| 67.48
Tween 61 | 36.8 (4.13)| 1.62 (0.03)| 176 (0.02)[0.92 (0.02)| 66.81 |44.1 (2.23)]1.06 (0.05)|1.13 (0.08)|0.94 (0.07)| 63.74
Tween 81 |31.6 (2.04)|1.65 (0.05){1.80 (0.01){0.92 (0.02)| 61.11 |31.7 (2.94)| 1.11 (0.02) [ 1.18 (0.07) |0.93 (0.05)| 61.07
Tween 65 |32.2 (2.99)|1.55 (0.03)] 1.81 (0.03)|0.85 (0.02)] 69.79 |33.4 (2.56)|0.95 (0.02)| 1.04 (0.10)|0.93 (0.09)| 69.34
Tween 85 |27.8 (1.61)|1.62 (0.06) | 1.80 (0.06) [0.90 (0.02)| 7557 |36.9 (3.41)| 1.11 (0.03) | 1.16 (0.10){0.96 (0.07)| 72.17

*( ) represent standard deviations
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o] &3k o] A A3, 2001)9} AR A
HaZEo, v Span 209 A4 EAHog o
=7hs Jehl=d, ¢]= Span 200] J#71= &
oz uldsll IS4V B o wjdsled,
P B0 A, 200000 oHE AEE
A BlE] w9 Fopr] FALZIL 7] Wl
Aztdct, a8y A5 O AP blE)
7] 7o, ¥ dxdx B7sty we W/H7
EARoR & FAE oA g

SHFAEMPA 101)8] AL, ZE vlo] A AW
A A AUSHAI ForEE Asrss
Aol va) HEFZ o] Zade AL LFGT1] A9
FU3t 28y L8 1GE g HoE Al e
Bo|A] 9 k. Span 200] H7FE AL L9 F]
A e} o] w9 e HEZLS JepdTh Q9 E2
W WHE ARSAGA 7 A7t & wsle
ERA] ek, ol AR EAA) ¢18 dol= w/H
7t olm) 0952 Wl wol AAEAA g7t Yehd
A F& Ao F2HY. o WHIT 0.9Z vl =
2 AE BAEY 8542 AHEAIA 7l 93|
& e WA 9Ethy By e o)l AF(Kim &
Hsieh, 2001)9F U X|3h= 2 o]t

<Fig. 1>& Cos 8¢} FERFFH AAE B
Zth 2E¥19 A¢ Cos7)l T FEBSTE
Z7kshed] o) o)A AFtalN Wz o g 1el At
2 H&7to] 7hAaste] THAAo] golFAE R
2o S & & Ut a3y QY XE2AEMPA
AAFA 7E BolA =), o]

L
s

=

¢

[e)

L 2

u!

‘(I?l‘
101)8] S ol

—

#soiled cotton cloth 1
Asoiled cotton cloth 2 (EMPA 101)

L 4 ?“ *
® water

Ao &
a
Loy

water

Water retention (ul/mg)

0 . .
0 01 02 03 04 05 06 07 08 09 1
Cos ©

Fig. 1. Cos 0 vs. water retention values for soiled cotton
cloths in 0.1g/dl nonionic surfactant systems.
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#2 2dddEr P EfE

monounsaturated o0il®] Ch(Kiritsakis). ¥tH 9.4
QT AL 2ol Agite] dZHZF HF4
£4 ogd FA 299l palmitic acid7} 3%

FHelof St

triolein®] FAF 2.
Ax)

Lo

A

g
% X

2. 2¢Z ol MHY
0.1g/dl B]o)- 27 AHEAHA] FE&HolA F
Sd¥ol AFALS <Table 3>3 2ol LEBXI &
HE2EMPA 101) F 79 ZFA] Span 209} Al
Aol 7h8 vrA| VeSS, Tween 20, 40, 60, 80941
Aukzy o g A eyttt zeu ga A9l Aol
w2 A ZA e ztels UeRtA] YsheE), ole B
Aol Cp-Cis®) A f-5 o] 2A] AME4A
o Al o= A & F&& VXA gt
= Satkowski et al.(1966)2] A7 Aol Y|}
<Table 2>°)4) Span 20 H7IA FFHZo] wilg WA
Uehts] FEAEAe] m- golglel At AR o
Az AAAdR TEAAE A dAE A
A e ¢l A 2Tl Tween 203 21, Tween 607
61, Tween 803} 812] M &AL v Tween 20,
60, 802] A& Ao] Tween 21, 61, 812 AHA B}
747} = Vet Satkowski et al.(1966)2 A.C.H.
No. 114 ¥&F H 92U ¥} ethyleneoxide(EO) #H7}t
At f ol oA AWMEBAAAE o8- AHA
Yol AHSAA Q] FFol wp} oF7ke] Aol Sl
A, dub oz EO 7 A-FE AP0l P
== EO7F 13-158 H7FEAE o Fae] A3y
& HO|Al EO F°7} o] 2} 1 Frhstl Al

5%

Table 3. Soil Removal from soiled cotton cloths by
0.1g/dl surfactant solutions

Span 20 49.7 (1.4) 475 (1.4)
Tween 20 77.8 (1.8) 57.3 (1.3)
Tween 40 68.4 (2.0) 54.4 (1.7)
Tween 60 705 (1.7) 56.1 (0.4)
Tween 80 68.7 (1.8) 56.6 (0.6)
Tween 21 54.8 (0.9) 489 (0.6)
Tween 61 57.8 (2.8) 53.4 (1.0)
Tween 81 583 (0.5) 49.1 (1.3)
Tween 65 66.6 (0.8) 486 (0.7)
Tween 85 62.0 (1.2) 49.1 (0.8)

*( ) represent standard deviations
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90 90
# soiled cotton cloth 1
80 1" Asoiled cotton cloth 2EMPA 101 . 80 | .
70 ’0 70 ¢ . e
- - —~ *
9 60 A ‘&A’ S 60 Z' . ba A
& 50 T LA AR g 50} M A
%40 f ' £ 40
2
230t £ 50l
10 1 10 | @soiled cotton cloth 1
0 ) Asoited cotton cloth 2(EMPA 101)
0 : .
0 0.2 0.4 0.6 0.8 1 0 5 10 15 20
Cos 6 HLB

Fig. 2. Cos0 vs. detergency values for soiled cotton
cloths in 0.1g/dl nonionic surfactant systems.

90
@ soiled cofton cloth 1

80 | Asoiled cotton cloth 2(EMPA 101) .

70 ‘?.
{60
> 50 % .‘
a8 .
240
2
A 30t

20 t

10

0 . .
0 0.5 1 1.5 2
‘Water retention (ul/mg)

Fig. 3. Water retention vs. detergency values for soiled
cofton cloths in 0.1g/dl nonionic surfactant
systems.

g AR RaEEn. e9Xet ARG
A F27} tt=7)e AT EOZF 208 71 Tween
20, 60, 802} A H o] EO7} 48 H7FE Tween 21, 61,
819 AFAHTE LA JEdt B A7 Ade
Satkowski et al.(1966)2] A2 e} A8t

<Fig. 2>9} <Fig. 3> 9% £&543 AF
Az FAAE HoFth FAHAA(Cos 0)F +E
HHFW) B AFQ o] S AEAdS o)A
et ole ofulk QFET FREA dgRTh
HE7Zo] Ral FREAHC] Zof AUBAA &H
7} AA YepdA G 7110 A7kg ¢ e
w, old YeiME e Q9¥E AFEF Ko 3y
A% T& A7t o] FolH o} s

<Fig. 4>& ¥|o| 24 AWEgA 9] HLBS A&
o] BAE RolEth F L9E BT AWEAA Y
HLB7} A& 214780] F713ia AFQ3L A3
o2 71 BYET)h wEki 29X AFge
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Fig. 4. HLB vs. detergency values for soiled cotton
cloths in 0.1g/dl nonionic surfactant systems.

tilo

AN53-AF4 B

Hlo] 24 AHAEIA
8 <4 59
v. 4 g

FHE B, tripalmitin, n-dodecane, palmitic acid2 | 2t
3 29T 13 SEFEAEMPA 101) 259) ¢l 2B8F
E A3k 1059] Blo)2A AEEAA F-8HA
o] HHEAH AHAS HPH oz vASHTH
29¥9 FREANE JXS vwsH FEFHe
7} glar A 7| FE I hEd FEREFIFW/
78ttt S FZ19] g, AUEHA s A
74e o 4&2+e A3 243 WHE 7155
o AR THEE aFsiH, AHgAe A
o) LR FEAE T WHe Za
st v AA2AgA Af7)e ExsiErt St

G4E HE27+e AT WHE F7H8HAth Span

=
o

209) A% SAH 02 B JEAL ek 29
%29 $45HL AREAA SO B2 AFHL

HolA] gttt

ulo| A AMEAFA FEANA 9] oHdZ A H
He BE, F QPEY B¢ EF Span 20°] 7HE %
Al JEPFEAL Tween 20, 40, 60, 8004 Atz o=
A UEFstth. Ethyleneoxide(EO)7}F 20% A7tE A
HEAA 2 Tween 20, 60, 80°] EO7} 48 71 Al
HEBAAA Q) Tween 21, 61, 81 Bt} M&A o] 43}
At LG T FEEAH A BHELE HF
B Cos 09} FEEFZFW)S AR 5H¢ &
AL Bolx| gror} ofd WEME &A1t 2
231ty A AWEgA HLB7} AAA 215
A Z7kebE LEX ] AFPL HAutHoR FUtst

L.
R



HIOI2H HIHELH S80I B QAR0] SREMI} MIXY 109
ATt wata oG Eo] MAPL 09T HEEA nal of Applied Polymer Science, 38, 1719-1737.
BT Hlo]&A AbEAdAe) EN I ZHE E Hsieh, Y.-L., Mi]leri A:, & Th(?mpson, J. (1996). Wetting, pore
3] A28 AsFe wmeg o 2 9t} sFructure, and liquid retention of hydrolyzed polyester fab-
rics. Textile Research Journal, 66(1), 1-10.
_ _— Hsieh, Y.-L., Thompson, J., & Miller, A. (1996). Water wet-
aoes

AR, (1992). A9} 48] F . A& STEAL

74 8. (2000). Span 203 TweenZll AHBAA ] B/F7)
AR BAA Hx ARYH AF. §F59F 5%,
24(7), 1067-1072.

A3, (2001). H]o] A AWEAA Fgelo] BAE] F&
B30 BlXe Q. ¢/79F F97], 25(8), 1444-1452.

2338]. (2003). Ho] A AALAA F&MHo] PETHE9)
FaE3) vAE J3A 12)-Span 203} Tween 202)
EJA G} 3 A - gF=9)7 181, 27(9/10), 1153-1159.

o8], el (1990). A9 TReh 23 ve A&
A SA) B AT, FFYF I, 14(3), 229-
240.

o5, Aol (2001). W} Ejo]2elZ 2] 7)3e)
7] 9 R} W] FRAY. PR R, 2502),
379-388.

Berg, J. C. (1993). Role of Acid-Base Interactions in Wet-
ting and Related Phenomena. In J. C. Berg (Ed.), Werta-
bility: Surfactant science series vol. 49 (pp. 75-148). New
York: Marcel Dekker, Inc.

Hsieh, Y.-L., Timm, D. A., & Wu, M. (1989). Solvent- and
glow- discharge-induced surface wetting and morphologi-
cal changes of Poly(ethylene Terephthalate) (PET). Jour-

—439 —

ting and retention of cotton assemblies as affected by
alkaline and bleaching treatments. Textile Res. J., 66(7),
456-464.

Hsieh, Y.-L. & Cram, L. A. (1998). Enzymatic hydrolysis to
improve wetting and absorbency of polyester fabrics.
Textile Research Journal, 68(5), 311-319.

Hsich, Y.-L. & Cram, L. A. (1999). Proteases as scouring
agents for cotton. Textile Res. J., 69(8), 590-397.

Kim, C. & Hsieh, Y.-L. (2001). Wetting and absorbency of
nonionic surfactant solutions on cotton fabrics. Colloids
and Surfaces A: Physicochemical and engineering aspects,
187-188, 385-397.

Kim, C. (2005). Effect of nonionic surfactant solutions on
wetting and absorbency of Polyethylene Terephtha-
late(PET) fabrics (part II)-surfactants characteristics and
fabric properties-. Journal of the Korean Society of
Clothing and Textiles, 29(12), 1546-1553.

Kiritsakis, A. K. Composition of olive oil and its nutritional
and health effect. olivebusiness. Retrieved August 22, 2006,
from hitp://www.olivebusiness.com

Satkowski, W. B., Huang, S. K., & Liss, R. L. (1966). Poly-
oxyethylene esters of fatty acids. In M. J. Schick (Ed.),
Nonionic surfactants: Surfactant science series vol. I (pp.
142-174). New York: Marcel Dekker, Inc.



