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Improvement of Liquid Wetting and Retention Properties
of Wool Fabric in Nonionic Surfactant Solutions
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Abstract— The effects of 0.1g/dl nonionic surfactant solutions on liquid wetting and retention properties of wool fabric are
reported. The 10 different nonionic surfactants (Span 20, Tween 20, 40, 60, 80, 21, 61, 81, 65, 85), wool cloth (EMPA 217), and
wool soiled cloth (EMPA 107) are used in the study. Both EMPA 217 and 107 have water contact angle(©)>90°, which indicates
that water spreading over a fabric surface and penetration into the fabric rarely occur. However, EMPA 217 and 107 are easily
wetted with perchloroethylene(PCE) having very low values of ©’s and high values of liquid retention. Water wetting properties are
greatly improved by adding nonionic surfactants into the system. Generally, hydrophilic surfactants which have low number of carbon
atoms or unsaturated hydrophobic structures are effective in improving water wetting of wool fabrics. The water retention of EMPA
217 and 107 in surfactant solutions have positive relations with cos©, adhesion tension, and work of adhesion. 40.3% pore volume
of EMPA 217 and 26.1% pore volume of EMPA 217 can be filled with water even when we assume cosO=1 (6=0°).
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Span 20, Tween 20, 40, 60, 80, 21, 61, 81, 65,
85(Sigma: biochemicals and reagents for life science
research) G 105-9] H|o|2A AHGAYAE FA 1A
3 AgERoH AUBGAY EAL Table 13}
Z.

ol AUBHAY 2 9 EAUAYL AUG
Y A% 52 duo A8 BuEn”.

AHGAA LoHo] EHAZ-L processor tensiometer
(K14, KRUSS)E A-g3to] ZA31¢th. Certified
grade hexadecane (Acros organics, 7y =26.6dyne/cm)Z}
perchloroethylene (Acros organics, 7 =31.7dyne/cm)
S X839, 2 Millipore Mill-Q water system
of o3t «4E AMESIF o FHAE-L 72.4dyne/cm,
pH= 64°ﬂE}

A4 ¥ EMPA 217 (unsoiled test cloth, wool
fabric, muslin, washed)®t EMPA 107 (EMPA standard
soiling, wool soiled with carbon black/olive oil)}2
Testfabrics, Inc. USA oA L35t A}&38}g o,
E23 EAL Table 28 Zt}.

22 N3y

ARAEY §854 342 od HHE ¢
o BE ARE T2A7 F2F5TIA BE
gE AYMad $ AT o] 6.35mm (iinch)
ol Zo|7} 25.4mm (linch)Ql A&EZ2Z(BAPEEF)
S microbalanced] Aoz wdn, AHE dA
ez AsAA AE2Z49 of JE“’ HA e A
S ﬂoﬂ A& 7ol WA ¢ 49
H(IB)E Y1, JES AQAZHEH BN F
9] ZH(IB)E %t Lol B AEO] Hobgl
= 94y FAWyeltt RE AERZAE =4
0.1g/dl AHEHA FE&HE o] &3t ZHgrt.

Fy = (4B; - 4By)g = (4B;1 - Wyg (D
0 = cos' L 2)
¥

FFANEE, -
fabric-liquid perimeter, 7 =liquid surface tension ©]t}.

o|u, F,=fabric wetting force,
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Table 1. Characteristics of 0.1g/dl surfactant solutions
. Surface tension'”
Surfactants Chemical name HLB
(dyne/cm)
Water 72.4
Span 20 Sorbitan monolaurate 8.6 26.7
Tween 20 Polyoxyethylene(20) sorbitan monolaurate 16.7 34.7
Tween 40 Polyoxyethylene(20) sorbitan monopalmitate 15.6 389
Tween 60 Polyoxyethylene(20) sorbitan monostearate 14.9 39.8
Tween 80 Polyoxyethylene(20) sorbitan monooleate 15.0 395
Tween 21 Polyoxyethylene(4) sorbitan monolaurate 13.3 32.8
Tween 61 Polyoxyethylene(4) sorbitan monostearate 9.6 372
Tween 81 Polyoxyethylene(4) sorbitan monooleate 10.0 36.0
Tween 65 Polyoxyethylene(20) sorbitan tristearate 10.5 38.5
Tween 85 Polyoxyethylene(20) sorbitan trioleate 11.0 49.0
Table 2. Physical properties of EMPA 217 and EMPA 107
Characteristics EMPA 217 EMPA 107
Fabric count, warp*filling (yarns/5cm) 139.8x128.0 145.7x118.1
Fabric weight (g/m’) 99.9 106.4
0.224 0.312

Fabric thickness (mm)

23 ARNBRA Sgoe
T, 4 sampleZ oAl FRFF7INA EEZHE
T2A 75 Az 2Z23E 9t E£3HE sampled
p (fabric-liquid perimeter)E& 3}7] ¢3}o] total
wetting liquid (hexadecane AF8)9 HEEHQOoH,
olff 0=0° 2 cosf =12 7}A3tc}.

F
p= L w (3)
¥ hexa
2 A o Ao HA|EF3F (liquid retention capacity)
& oF Aol YA Fetn, ojff W FA, o
L 949 YES e,
. Wiew 4
H phexa VVfabric ( )
W= J&ZJ_L (5)

p water V[/}abric

H (hexadecane, ulimg)= ZES A EF5ZHO

E 73RS YEWI W (water, plimg)e A
E4d 9 FYE UEHUH, WH = o & #9

WE e,

AA e} ZE 72 adhesion tension (T.g) ¥ work

of adhesion(W,)& Th& 40| 9j5te] A4y,
Towa= 7 cosO (6)

Wea= y (1+c0sO) 7

=
=

Egtol ey ANA ZAEY HEHEZ4e ot
B7] 98| & djAl PCE (perchloroethylene)S At
&t 22 Hor SHT

=

3. Zu Y nH

31 1 PCE oMo HEZiu AHERH

Table 32 EMPA 2173 1079 23} PCEo]|A <]
A&Z4©O) A 7% Fod g Eo] AYA 7|
¥ F99 v HAEFHWH)S debf o
EMPA 2173} 1079] 2o|xe O Zzt 94.3°9}
93.9°]1, W/He ZtZt 3%% 1%°|tt. EHAA
(wetting) > ILA|/AA 7t H&27F A, 1F BHO
29 AA Y HH(spreading), ZANT GAro| <93t
03y 1A WHEE9 YH HE(wickings EFI
0¥s Ao 1#HE uw, EMPA 2173 107 B%
©0>90° 2 &9 HAI AR} A9 dojyA ¢
Atts AL &+ Stk ol BHS mUY A
d Zo gt LA Aoy FEA A Hi9
718154 el 3t 7]Ftze B 7]
ot AztEch wbd EMPA 2173 1079 PCEO] A]
o O Z7h 875°9F 5.87°0|1, A 7T Hug

82%%} 86%7} 2tZ+ PCEZ AYA AL & 4 9t
uZA EMPA 2173 107 & o} Egbo|2dy &
2 Ag3

Aol PCEER 44 EW Ao dojuhm
o7 EolFEde ¥ & Ude A& ¢
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Table 3. Wetting and liquid retention properties of EMPA 217 and EMPA 107

o EMPA 217 EMPA 107
Characteristics

Water PCE Water PCE
Contact angle, © (°) 94.3(0.55) 8.75(2.46) 93.9(2.11) 5.87(2.43)
Cos© -0.075 0.988 -0.068 0.995
Liquid retention capacity (ul/mg) 1.51(0.05) 1.66(0.07) 1.40(0.07) 1.43(0.04)
Liquid retention (ul/mg):W or PCE 0.04(0.01) 1.36(0.05) 0.02(0.03) 1.22(0.02)
Liquid/Hexadecane ratio 0.03(0.00) 0.82(0.01) 0.01(0.02) 0.86(0.01)

* () represent standard deviations

Table 4. Wetting and retention properties of EMPA 217 with 0.1g/dl surfactant solutions

6() Wul/mg) H(uljmg) W/H drodom)  (dyefem)

Water 94.3 (0.55) 0.04 (0.01) 1.51 (0.05) 0.03 (0.00) 66.95 -5.45
Span 20 37.1 (3.14) 0.47 (0.08) 1.62 (0.05) 0.29 (0.05) 48.01 2131
Tween 20 459 (3.03) 0.37 (0.07) 1.62 (0.07) 023 (0.03) 58.84 24.14
Tween 40 920 (5.69)  0.20 (0.10) 1.58 (0.04) 0.13 (0.07) 37.56 -1.34
Tween 60 95.5 (8.04) 0.08 (0.07) 1.53 (0.05) 0.05 (0.04) 36.02 -3.78
Tween 80  43.4 (5.47) 0.48 (0.04) 1.61 (0.07) 029 (0.02) 68.20 28.70
Tween 21 50.6 (2.97) 0.46 (0.04) 1.59 (0.13) 0.29 (0.03) 53.60 20.80
Tween 61  65.3 (6.22) 0.31 (0.09) 1.58 (0.06) 0.19 (0.05) 5273 15.53
Tween 81  39.5 (1.95) 0.72 (0.15) 1.72 (0.08) 0.42 (0.08) 63.78 2778
Tween 65  65.6 (3.49) 0.32 (0.09) 1.51 (0.06) 021 (0.05) 54.44 15.94
Tween 85  47.4 (2.33) 0.65 (0.15) 1.70 (0.08) 0.38 (0.09) 82.19 33.19

* () represent standard deviations
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wo|t}. Tween 403 60 AH7I3 AHS
A adst A9 g9len, Tween 819 O
o AA H{EZFW) F7kel 53 anH ol
Al

]

|t Oi
)

v
o
S

_\2

. O
A

oy o
18 B Y 10 Ho rE

R R ER-TA VR ST E

o FzAge s dojus AolH, d&d A
o AW, HLBY, E= AHZAHAY EA4H
] o8 #A 92357 o]Fr}l. Tween 20—40
H60_—] L9l Tween 21619 ALE Ed AW

GRS WGy BASr}t WoldaE G 7Ha
3}1, Tween 60—80, Tween 61—81, Tween 65—
859 LAY AUEA {7 tailo] B3I} 72
4 A AR B4 Fao] EHo|Yct,

110 | 794755315 A 214 A 2%

ol oA AFET fAE ATfoln’.

Table 5= carbon blackd} olive oil2 2 ¥%H 9l
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EMPA 217¢] EMPA 107Ht H=Z Zaaiye
‘iﬂﬂliw"rﬁ 7t 237t $45 9tk Tween 407}
609] A2 EMPA 217Htt ogxel 1079 a13
e, ]% A4 AHEAAQ Tween 403} 609]
L@Eo] digt 3ol © A7 wEo] ofdr}
A zHey,
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ot Ay ERFarel A

Fig. 1, 2, 32 cosO, adhesion tension, work of
adhesion} 4] B GFW)Te BAZ HojZT.
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Table 5. Wetting and retention properties of EMPA 107 with 0.1g/dl surfactant solutions

oo

At
>

o Wad Tad
() W(uljmg) H(ul/mg) W/H dynclem)  (dynojem)
Water 939 (2.11) 0.02 (0.03) 1.40 (0.07) 0.01 (0.02) 67.45 -4.95
Span 20 549 (1.23) 0.20 (0.10) 1.45 (0.04) 0.13 (0.06) 42.04 15.34
Tween 20 63.8 (2.39) 0.14 (0.02) 1.49 (0.05) 0.10 (0.02) 50.01 15.31
Tween 40 75.0 (2.62) 0.09 (0.02) 1.41 (0.03) 0.06 (0.01) 48.99 10.09
Tween 60 78.9 (2.86) 0.09 (0.05) 1.38 (0.04) 0.06 (0.04) 47.48 7.68
Tween 80 59.7 (2.76) 0.17 (0.04) 1.38 (0.04) 0.12 (0.02) 59.42 19.92
Tween 21 62.6 (1.53) 0.22 (0.06) 1.44 (0.03) 0.16 (0.04) 47.90 15.10
Tween 61 71.3 (4.97) 0.22 (0.07) 1.40 (0.04) 0.16 (0.05) 49.12 11.92
Tween 81 45.4 (2.88) 0.31 (0.08) 1.44 (0.03) 0.22 (0.06) 61.30 25.30
Tween 65 78.5 (3.29) 0.10 (0.01) 1.36 (0.02) 0.08 (0.01) 46.16 7.66
Tween 85 48.2 (2.14) 0.26 (0.08) 1.46 (0.11) 0.18 (0.06) 81.63 32.63
* () represent standard deviations
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Fig. 1. Cos © vs. water retention values for EMPA
217 and EMPA 107 in nonionic surfactant solutions.
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Fig. 2. Adhesion tension vs. water retention values for
EMPA 217 and EMPA 107 in nonionic surfactant
solutions.

Fig. 3. Work of adhesion vs. water retention values
for EMPA 217 and EMPA 107 in nonionic surfactant
solutions.
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Fig. 4. Cos © vs. water retention ratio (W/H) values
for EMPA 217 and EMPA 107.
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