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Abstract

The molecular areas and the interfacial tension behavior of ten nonionic surfactants, ie., Span 20 and
Tween 20, 40, 60, 80, 21, 61, 81, 65, & 85 are tested to assay their effects on the wetting and liquid
retention properties of hydrophilic and hydrophobic fibrous materials, The molecular areas at water/air
interface are derived from Gibbs adsorption equations. The following conclusions are drawn from the
results: 1) Span 20 is efficient in lowering the interfacial tension and effective in adsorption at the
water/air interface, resulting in the low interfacial tension at critical micelle concentration (Ycmc) and a
small molecular area(w), 2) when the hydrophiles of the surfactants are constant, @'s increase as
hydrophobe carbon numbers of the surfactants increase, 3) when the hydrophobes are constant, Ycvc's
and o's increase as the hydrophile ethylene oxide units increase, indicating effectiveness and efficiency is
parallel in this case, 4) the ethylene oxide unit length as a hydrophile has greater influence on @ than the
hydrophobe chain length,
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Span 20 R=CuHz- ~50%
R=CiHz- balance
CisHai-

CiHz~ (linolenic)

Scheme 1, Structure and composition of Span 20,

Table 1, HLB Values of Span and Tween Surfactants,

commercial name chemical name HLB
Span 20 Sorbitan monolaurate 86
Tween 20 Polyoxyethylene(20) sorbitan monolaurate 16,7
Tween 40 Polyoxyethylene(20) sorbitan monopalmitate 156
Tween 60 Polyoxyethylene(20) sorbitan monostearate 149
Tween 80 Polyoxyethylene(20) sorbitan monooleate 15.0
Tween 21 Polyoxyethylene(4) sorbitan monolaurate 133
Tween 61 Polyoxyethylene(4) sorbitan monostearate 9.6
Tween 81 Polyoxyethylene(4) sorbitan monooleate 10.0
Tween 65 Polyoxyethylene (20) sorbitan tristearate 105
Tween 85 Polyoxyethylene (20) sorbitan trioleate 110
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Scheme 2, Structures and composition of T'ween Series,
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1) Tween 20, 40, 60, 80

Fig. 1 & Tween 20, 40, 60, 80 A HGA A )5
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Scheme 3, Structures and composition of Tween 65 & 85, o] &&7F Z715le Tween 60 ©t}h Tween 802
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M Tween 20 Y=-—-2538—6722x r=0.986
& Tween 40 Y=-1187—5576x r=0.984
A Tween 60 Y=—0,07883—4.509x r=00991
x Tween 80 Y=—4822—4525x r=0,984

Fig, 1. The Interfacial tension vs. InC plot for Tween 20,
40, 60 & 80 at water/air interface at 21°C.

7B, AF7) E gdaae Tween 603 Fort o]

FA%ol Ul EAiste Ex3t A oleic acid

119

7} A¥E 73$-o)t), Table 28 B3, Tween 20, 40,
60 S 2 gagrt S5 We} vz AA 3] St
= 2L B 4 ok Tween 405} Tween 602 4
o] Ar33] |43l (Scheme 2), Gibbs plot 9A] &
AFgHE HolI itk Tween 809] A%, F A{71e
oeic 2.2 cs Feo|BR o] & FFE XA &
o} Tween 609] we} Ao FAFSI} 2k 2ok

Tove & 366—406 dyne/cm, CMCE 80x1075—
168x107% moles/Le] HHAZ & wah} AL
Hojx] ¢k 9t dutEoe=z CMCe AHEAA
9] Aol e wet ZAasta, 5719 7t
A Bxsert S8 FUisicy 48iA e
v o} AL Ff719 MFT7F &4 Hejrt o}
Yzt wie B3 4o JdonZ o33 dukd
Ag2 B £ At Aztdch vjo|2A AUg
AA19] CMCs $0124 AREAA9 CMC! 1073
moles/LEt} ol theF 10-5 moles/Le) Bl L
o3 i oy ankxo g AWMBAA ] AW
48 Azl w2 AW F29 YAAE FHA
Th AAEAAA ] 2ol dIMT GFE wo} A
o wetde ARERA L et St Al
F&o] grEte (o7 AR) ARFHLS v 7
T ®ol B & ok wEA w9 Toucs HEEA|
BE Ay FYsit € & ok

9) Tween 21, 61, 81

Tween 21, 61, 81 2] Gibbs plot-2 Fig, 20, #x}
Wy - CMC - Tamce Table 291 U2blth, Tween

=]
+
kil

[e]
e

Table 2, Characteristics of Surfactants and Surfactant Solutions,

average molecular molecular area CMC Yome

surfactant weight (A?/molecule) (10~5moles/L) (dyne/cm)
Span 20 346 194 6.1 273
Tween 20 1226 60.3 8.0 38.0
Tween 40 1283 72.8 16.8 36.6
Tween 60 1311 90.0 121 40.6
Tween 80 1309 89.7 8.9 374
Tween 21 522 39.6 116 36.7
Tween 61 607 70.7 97 364
Tween 81 649 69.4 1266 331
Tween 65 2046 104.2 3.7 369
Tween 85 2040 106.2 9.8 40.6
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| Tween 21 Y=-—5612—1024x r=0998
& Tween 61 Y=-1665—5738% =049
A Tween 81 Y=—5.903—5846x r=099%

Fig, 2, The Interfacial tension vs, InC plot for Tween 21,
61 & 81 at water/air interface at 21°C.
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Fig. 3, The Interfacial tension vs, InC plot for Tween 65
& 85 at water/air interface at 21°C.

3) Tween 65, 85
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£9 ogd ZAlo|=rt H/EEH Tween 200) 2
™}, Span 209 w= ‘?JEZOAZ Tween21-4w—9$
40A20 2 Span 209] o] 2u)7} =9, Tween 208 w
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o] oz} 9] i YoHoR Eikgo] glo
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3ol uf - E 3 (efficient)] FAlol AR &
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& 4= Ut} Span 207 Tween 202 Yove &S Bl
Zahd Tween 200] €953 A vehded ol:
Tween 209 w7} Z7] QESEZ AztHET =3
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effectiveness$} efficiency7t a8 79-oltk(Fig. 4,
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B Span Y=—1759—-2095x r=0.869
¢ Tween 21 Y=-5612—10.24x r=0998
A Tween 20 Y=-—2538—6722x r=0.986

Fig. 4. The interfacial tension vs. InC plot for Span 20,
Tween 21 & 20 for water/air interface at 21°C.
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W Zolgt AztE), o]= Tween 8034 Tween 819
7AFAME npztrtR o] tH(Table 2).
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v.gd 2

Span 203} Tween 20, 40, 60, 80, 21, 61, 81, 65, 8
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