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Abstract— The effects of nonionic surfactant solutions of 0.1g/dL on detergency and liquid wetting/retention properties of soiled
polyester/cotton(65/35) cloth were studied. Soiled polyester/cotton(65/35) cloth (EMPA 104) and 10 different nonionic surfactants
(Span 20, Tween 20, 40, 60, 80, 21, 61, 81, 65, 85) were used in the study. The water retention and liquid retention capacity values
of soiled cloth were decreased compared with those of unsoiled cloth. The wetting and water retention of soiled cloth improved with
addition of surfactants, whereas water retention ratio(W/H) values didnot change markedly. Generally surfactants with low surface
tension and high HLB (Hydrophile-lipophile balance) were more effective in improving the wetting/retention properties of soiled
cloth. Nonionic surfactants having high ethylene oxide contents of 20 moles; i.e., Tween 20, 40, 60 & 80, showed better detergency
than low ethylene oxide contents of 4 moles; i.e., Tween 21, 61 & 81. As HLB values of surfactants and cos @ of the soiled cloth

increase, the detergency values of soiled cloth increased.
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Scheme 1. Structure and composition of Span 20
and Tween 20.
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R : surface reflectance

(K/S)o : K/S value for original cloth
(K/S)s : K/S value for soiled cloth

(K/S)w : K/S value for washed cloth
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Table 1. Wetting and retention properties of EMPA 104 & EMPA 213 in 0.1g/dl nonionic surfactant solutions

EMPA 104 (soiled cloth)

EMPA 213 (unsoiled cloth)'”

o Wad o Wad
6C)  Walmg Humg — WH oo 60 Walmg  Helmg WH  (dynefem)

Water 582 (0.92) 0.98 (0.02) 1.02 (0.02) 0.96 (0.01) 110.6 61.7 (1.39) 1.06 (0.02) 1.08 (0.02) 098 (0.01) 106.7
Span 20 22.0 (1.72) 0.95 (0.02) 0.93 (0.03) 1.02 (0.02) 514 257 (2.53) 1.05 (0.02) 1.05 (0.02) 0.99 (0.01) 50.8
Tween 20 33.3 (0.75) 0.94 (0.02) 0.96 (0.03) 0.98 (0.01) 63.7 35.5 (1.95) 105 (0.03) 1.06 (0.01) 098 (0.02) 629
Tween 40 30.1 (1.03) 0.95 (0.02) 0.98 (0.02) 0.97 (0.01) 725 47.8 (042) 1.07 (0.02) 1.10 (0.03) 097 (0.01) 65.0
Tween 60 26.5 (2.64) 0.92 (0.02) 0.97 (0.02) 0.94 (0.01) 754 49.5 (2.17) 1.07 (0.02) 1.13 (0.02) 095 (0.01) 65.6
Tween 80 31.8 (1.96) 0.96 (0.02) 1.00 (0.03) 097 (0.01) 73.1 365 (1.12) 1.06 (0.02) 1.12 (0.02) 095 (0.01) 71.3
Tween 21 20.7 (3.01) 0.94 (0.01) 0.95 (0.01) 0.99 (0.01) 63.5 38.2 (0.99) 1.08 (0.02) 1.10 (0.02) 098 (0.01) 586
Tween 61 44.0 (2.34) 0.95 (0.03) 0.98 (0.02) 0.97 (0.02) 639 48.3 (2.05) 1.11 (0.02) 1.09 (0.02) 1.02 (0.02) 62.0
Tween 81 29.7 (1.96) 1.00 (0.04) 1.03 (0.04) 0.99 (0.01) 67.3 27.2 (0.84) 1.13 (0.02) 1.16 (0.02) 098 (0.01) 68.0
Tween 65 40.7 (1.35) 0.85 (0.04) 0.96 (0.03) 0.89 (0.02) 67.7 582 (0.69) 1.03 (0.04) 1.10 (0.02) 094 (0.02) 58.8
Tween 85 39.0 (1.07) 0.95 (0.02) 0.98 (0.01) 0.97 (0.01) 69.3 36.3 (2.26) 1.12 (0.01) 1.13 (0.00) 0.99 (0.01) 704

* () represent standard deviations
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Fig. 1. Cose vs. water retention ratio(W/H) for EMPA
104 in 0.1g/dL nonoinic surfactant solutions.
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Table 2. Soil removal from EMPA 104 by 0.1g/dL
nonionic surfactant solutions

Surfactant Soil removal (%)
Span 20 -43.3 (0.9)
Tween 20 46.6 (0.5)
Tween 40 40.3 (0.6)
Tween 60 41.5 (0.7)
Tween 80 41.3 (0.9)
Tween 21 34.2 (1.8)
Tween 61 329 (1.3)
Tween 81 24.0 (1.3)
Tween 65 353 (0.3)
Tween 85 31.6 (1.1)

* () represent standard deviations

Textile Coloration and Finishing, Vol. 23, No. 2



| 144 | 2& 3

719 dol= ARG & IdF= vAA Zd=d
ol o]A A Axst= Ao, Tween
20, 60, 80& ZFZF Tween 21, 61, 817} v @atw
Tween 20, 60, 809] A% 40] &7 Lhehibi, of
= AR A= LT /7] FZof Tween 20,
60, 802 ethylene oxide (EO)7} 20& H7}H F+=x0]
il Tween 21, 61, 81& 45 ZH7}E FxRo|t) o]l=
At S ol eA ARTAAE duHoz
EO 47} A-45% Alz4o] FaElo] EOTL 1315
= A7 S o 3 AAAdS Holal EO 47}
o] Ht} ¢ F7lsto = A AL IdE FAHEHY
31 2 13} Satkowski 59 At Aol x| scHY,

Fig. 45 AWAEAA Y Hydrophile-Lipophile
Balance (HLB)9} A| & 4ol #AE HojEoh AW
24419l HLB7} AA A zl/do] F7hshd Al A
A= Aty e w F7RREE HojEth o] o|d 4
FNAE HuE Awz oGz AFHAS v

50
*

40 e
— L d
2 ¢+, *
= 30
(%]
s .
2
a 20
®
a

10 |

0 L 1

0 5 10 15 20
HLB

Fig. 4. HLB vs. detergency for EMPA 104 in 0.1g/dL
nonoinic surfactant solutions.

50

) w -~
=) =) 1<)
*
¢
*

Detergency (%)
.

-
[=]
T

0 0.2 0.4 0.6 0.8 1
Cos 0

Fig. 5. Cos® vs. detergency for EMPA 104 in 0.1g/dL
nonoinic surfactant solutions.

EIRGMIIT SIS M 237 F 25

o] 2A AHE/GA Y HLBRLo| FFS Ha= &
o Stk Tween 81 A|&3lH, LHEXY FE5
Ql cosO= HWtH o2 NAHAT} Ao ATA
HoF=d, ole LEE EHA 4 (wetting) ©]
AEH AFAo] FAAET dEo 2 A4 4 Sl
thFig. 5). 71 & AHEAAA S #HAEo| Y
LHEZY FEE4HU WH 52 N A4
o] A9 gt

oo o

S

4. a4 =

H Lo A= EMPA 104 (polyester/cotton(65/35)

soiled with carbon black/olive oil) L. EEZE AFE-5}

o 1059 Hlo| A AHEHA F=E&HNA 9 &

2547 A4 ARHen Dt oL

A2 Eth

L egno $2E4E YT v 0T &
zho] o)t At FR{FFW)L 7]FF I H)

Fasidch. KOS A4 o2 of
7F 2 A e T

2. AMZAGA A7 7ol BAGle] 671 Fa
shb AR WHE 2 A3k Sl
Span 203} Tween 210] @ FEZ O HSEA A}
of 7bd amAo|gl=tl o= ol AHEAAA
o] BEAHA o] thE AHE A of BlE @A 3
Ho} 7| Aole] FAUES} 27] thpolet Azt
Bt

3. Cos©7} F7tstH W/HZF F7bskal, A& g4
gole] EUAR] F7HSHA CosO7} 7l
Rk EI AHEAYA HLB7} 245 CosO7}
ZrlsI 2, Ao s ARPYA 8
o] FHAE o] &3l HLB7} 42 CosO7} £
Aol WiHA F7ksted 71 Ao g B4l
A 2 % o

4. 2 FEO AA AL ethylene oxide (EO)7} 20&
H71E AWEAA Q] Tween 20, 40, 60, 800]
EO7} 42 A 7}=E Tween 21, 61, 812 T} AdhZ
o2 =4 YeEtEth

5. AME/EA S HLB7} AA A ZpAo] F71st
H QHEY NAYE At o= FALESG,
L AHEZY] CosO7} AAH L HEZO FHA A
FEE AR E FAEU

rr

#ZAle| 2

£ AL 20104 et e AFEA
o) 2ol s Ao ofo] ZA=AYh



HIOI2H HHELT =2 XA Polyester/Cotton(65/35)2E XL SSEH MEA | 145 |

Sl

ror

. J. C. Berg, Role of Acid-Base Interactions in
Wetting and Related Phenomena, In “Wettability:
Surfactant Science Series”, Vol. 49, Marcel
Dekker, Inc., New York, USA, p.76, 1993.

. Y.-L. Hsieh, J. Thompson, and A. Miller, Water
Wetting and Retention of Cotton Assemblies as
Affected by Alkaline and Bleaching Treatments,
Textile Res. J., 66(7), 456-464(1996).

. Y.-L. Hsieh
Hydrolysis to Improve Wetting and Absorbency of
Polyester Fabrics, 7extile Res. J., 68(5), 311-319
(1998).

. Y.-L. Hsich and L. A. Cram, Proteases as
Scouring Agents for Cotton, 7extile Res. J., 69(8),
590-597(1999).

. C. Kim and Y.-L. Hsieh, Wetting and Absorbency
of Fibrous Materials by Nonionic Surfactant
Solutions, Second International TRI/Princeton
Workshop, p.10, Princeton, NJ, USA, June 19-21,
2000.

. C. Kim and Y.-L. Hsieh, Wetting and Absorbency
of Nonionic Surfactant Solutions on Cotton
Fabrics, Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 187-188, 385-397(2001).

. C. Kim, Effect of Nonionic Surfactant Solutions
on Wetting and Absorbency of Cotton Fabrics, J.
Korean Soc. Clothing &  Text, 25(8),
1444-1452(2001).

. C. Kim, Effect of Nonionic Surfactant Solutions

and L. A. Cram, Enzymatic

10.

11.

12.

13.

14.

on Wetting and Absorbency of PET Fabrics I.
Mixtures and Dilutions of Span 20 and Tween 20,
J. Korean Soc. Clothing & Text., 27(9/10),
1153-1159(2003).

. C. Kim, Effect of Nonionic Surfactant Solutions

on Wetting and Absorbency of Polyethylene
Terephthalate(PET) Fabrics (Part II) -Surfactants
Characteristics and Fabric Properties-, J. Korean
Soc. Clothing & Text., 29(12), 1546-1553(2005).
C. Kim, Detergency and Water Wetting/Retention
Properties of Soiled Cotton Cloths in Nonionic
Surfactant Solutions, J. Korean Soc. Clothing &
Text., 31(3), 433-439(2007).

C. Kim, Water Wetting and Retention Properties
of Polyester/Cotton(65/35) Cloth in Nonionic
Surfactant
Collection of Papers (Natural Sciences &
Engineering), 37, 91-100(2007).

C. Kim, Molecular Area and Interfacial Tension
Behavior of Span 20 and Tween Series
Surfactants at Water/Air Interface, J. Korean Soc.
Clothing & Text., 24(7), 1067-1072(2000).

C. Kim, Improvement of Liquid Wetting and

Solutions, = Hannam  University

Retention Properties of Wool Fabric in Nonionic
Surfactant Solutions, 7extile
Finishing, 21(2), 7-13(2009).
W. B. Satkowski, S. K. Huang, and R. L. Liss,
Polyoxyethylene Esters of Fatty Acids, In M. J.
Schick (Ed.), “Nonionic Surfactants: Surfactant
Science Series”, Vol. 1, Marcel Dekker, Inc.,
New York, USA, pp.142-174, 1966.

Coloration and

Textile Coloration and Finishing, Vol. 23, No. 2



