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Abstract — In this study, the measurement of physical properties of ethylene oxide-propylene oxide adducted zwitte-
rionic surfactants were measured such as critical micelle concentration, surface tension, interfacial tension, contact
angle, viscosity and foam stability. Also, the dual function characteristics of a zwitterionic surfactant were investigated
by determining an isoelectric point, which were obtained using zeta potential measurement and QCM (quartz crystal
microbalance) experiments. The isoelectric point of DEP-OSA82-AO zwitterionic surfactant determined by zeta poten-
tial measurement was close to that obtained by QCM experiment and both results have shown almost the same trend as
that determined by the frictional property measured using an automated mildness tester. In particular, it has been
observed that DEP32-OSA82-A0 and DEP34-OSA82-AO surfactants provide better softening effect at a pH of acidic or
neutral condition than at an alkaline condition. This result indicates that both surfactants act as a cationic surfactant at a pH
of acidic or neutral condition and thus provide good softening effect during a rinsing cycle in the detergency process.

Key words: EO-PO Adducted Zwitterionic Surfactant, Softness, Isoelectric Point, QCM (quartz crystal microbalance),
Zeta Potential
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Table 1. Composition of DEP-OSA28-AO surfactant
Molecular Weight ~ Active Component  Propylene Glycol Ethanol Citric Acid NaCl Water "
(g/mol) (%) (%) (%) (%) (%) (%) pH
DEP32-0OSA28-A0 900 50.9 15.0 10.0 1.0 0.66 22.44 4.64
DEP34-OSA28-A0 1016 50.8 15.0 10.0 1.0 0.58 22.52 5.52
DEP54-0OSA28-A0 1104 50.7 15.0 10.0 1.0 0.54 22.76 527
“Measured with 1 wt% surfactant concentration.
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Fig. 2. CMC measurement of DEP-OSA28-AO surfactant by a Du
Nuoy ring tensiometer at 25; (a) DEP32-OSA28-A0, (b) DEP34-
OSA28-AO, (c) DEP54-OSA28-A0.

wIE S/l el e st CMC £ CMC 1
o} 2 55 oM E eMeelr 2] e S5kl mEek &
= 218 B 2= 9lu}. o] Avl= DEP o A82-AO A& A ] o]

5 (mobility)’} BI A=A, AW A7} F=8H Ao & HE]
AB7HA] o Fsh= tl vl i /\]7P0] 290 z}zke] cMmeell

alldshs st 3o 5719k 8- oe] Aldo] AR EYA T
ARl SJated E3pEA] Kok SJvlgth,

AR T2 1A 19 257 (wettabilityye W e
A Fzo] vhow Zgdo] o, uA B AFYOR B
TR & Zhoth whel] A574o] om FgAe] HWa &
TLE Qlste] BHe] AUATE HEE orlE

DEP-OSA82-AO AUE/JA| &K HFH7ks ¢t d7E
ERH Table 20114 & = 150l 51572 DEP32-0OSA82-AO, DEP54-
OSA82-A0, DEP34-0SA82-A0°] A2 H&F2o] S718hs & 4
et ol AEIA Y Aol STt ASAdo] wol S 9

Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012

‘
E »""‘- N
= 601 ‘\
=
é —_\ ":t%
c oo
S Soe,
2 40 SS—
s
@
s
t 20 4 ® 5.51E-3mollL
> v 5.51 E-4 mol/lL
« m  5.51 E-5 moliL
€ 5.51 E-6 mol/L
0 T . !
1e+1 1e+2 1e+3 1e+4 1e+5

Surface Age (ms)

E
=
E
=
E=]
(72}
c
)
=t
[}
o
£ 20 | ® 2.61E-3mollL
S v 2.61 E-4 mol/lL
n m  261E-5mollL
& 2.61E-6mollL
0 T T T
Te+1 le+2 1e+3 1e+4 1e+5
Surface Age (ms)
80
(©
_ - LRSS ammnese o
§ 60 A
E -
E Soce %
@ 40 A
()
|_
@
3
‘20 A ® 4.53E-3mollL
=3 v 4.53E-4 moliL
» m 453 E-5mollL
& 4.53E-6mollL
0 T T T
Te+1 1e+2 1e+3 1e+4 1e+5

Surface Age (ms)

Fig. 3. Dynamic surface tension of DEP-OSA28-AO surfactant mea-
sured by a maximum bubble pressure tensiometer at 25 °C;
(a) DEP32-OSA28-A0, (b) DEP34-OSA28-A0, (¢) DEP54-
OSA28-AO0.
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Table 2. Summary of physical properties of DEP-OSA28-AO surfactant measured at 25 °C

CMC (mol/L) Surface Tension? (mN/m) Viscosity” (cP) Contact Angle‘ (°) Foam Stability” (%)
DEP32-OSA28-A0 5.51x107 34.92 1.98+0.01 35.92+0.46 27.206
DEP34-OSA28-A0 2.61x107° 32.80 2.03+0.09 49.62+1.38 19.501
DEP54-OSA28-A0 4.53x107° 33.64 2.19+0.04 37.60+0.67 23.737

“Surface tension at CMC.
’Measured with 5 wt% surfactant concentration.
“Measured with 1 wt% surfactant concentration.

“percentage of foam volume decrease during 1500 seconds, initially generated with 1 wt% surfactant concentration.
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AO.
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A o] g8z vl 4285 AAE YA 9] o5 % (mobility)ell iM%
e TS5

Foamscans ARE-319] DEP-OSA82-AOQ AlAEAJA] 4=8-ollof| tff
St A% P 25 °CollA] 27 S8 ol & flske] 1 wi%
AAZGA 8 A5 10 mLE FP3 feldel U v, 2
2 7IAE 0] 8810 AES 150 em® FAIAIR] F- Al7te] uhE A5
B 7S 24819101, A1E-S 150 om® BAIAZ] EZEE 1500
sec &Rt L] F-T)7F 7HAeh ]SS S7sto] AAGAA AlAgle
st AF QP F-E dsiol e, 1 AvE Table 200 20F3F
o] YERAITE. Table 22] AjellA] & 4= 9150] DEP32-0SA82-AO,
DEP54-OSA82-A0, DEP34-0SA82-A02] =42 7% ek Ado] =
7Fe & 5 el ol A S Aol ek AEE
ERAS o 5= Qlrk

Arag g Aol B2 o]Foizl 274 Al2~Ee tisle] 30~60 °C2
25 Al A E AES st 4 A8 5 wi% Al
HEIA) AEE ARSI 899 pHE 217t 4, 6, 8, 102] X
Ao sto] it AHD/IA| 8- 30, 40, 50, 60 °Cell
A 17 10d Bt s Ay, A AR 2= W99} pH
Z71 slollA] DEP-OSA82-AQ AlAEdA| A28l Tl wlo] Al
=M (micellar solution)] L, J5te] 2= 0w o]t Ayj=
2 Aol B vl lo{19-21]. wWEF middle-phase T1€]
AZoEd 52 lamellar liquid crystalline phaseE /33171 $JlA]
= AAEGA AlaEo] B} 25498 7SS Slolok ditt. o] &
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G ARBIAR= 534 ol8ke] pH 2ol = ol AW
WA 2AgetowA A ads vekd 5 glon, S
o

o]de] pH ZAfAE S0l
=22 AYEE FEE 5 Sk wEbA] o)g) 2 A
Al 535 & 8ot A AMEAA SR pH =
2t AP e A8 2] F 7] 7S Al sk Ao
v, o]efgt Hof| A o] Ao 58S s
Q&FH19-21,28].

G-E-N2] pH 7ol upZ AR A T892 AedS] S-S
Sato] TS AXsISith AlEd9) S S A
918 Unkal o7 Wo| ARg-E]= whH o] [33], AlEFA 9] Sl 2
St AREIA Eole] SR AR o] Aol el oln) vt
371 1} QIT}19-21]. ©1& 21311 0.01 wt% U&5/d AHE A
8] AL E pH 2110l whet S48 e, 1 A3 Fig. 5
o] UERQILE. Fig. 5(2)2] A¥}ellA] & = $1%0] DEP32-0SA82-
AO AAEIA] 8- pH7}F oF 7.1821 Z=xdollA] AlEpd S Fhol
05 71AH, pH 7.18 ©18F2] 7ol = AR 917) k) 4k 2k
pH 7.18 ode] Zxlol M= AebAL7 59 ahs 2 21s &
212, o]i= DEP32-0SA82-A0 AAEIA|7} pH 7.18 KU} =2
Z1elM = o] A A= R85, Rbde] pH 7.18 Bt vk
ZM = ol AHBGAR 2Hg5hs oJu|sit. B3 DEP34-
OSA82-A0S} DEP54-0SA82-A0 AAZ/dA] A|AEl9] Zx7g-8
Fig. 5(b)9} ()l & 5= §h=o] 247} oF 6.877) 8.75 o4& &
t}, o]e3t Avh= opulgAlo|=e] Sx17o] pH 8.0 HAgkaL
el Bargl 23 viszsk Aao|th19,20,34].

FEd AREYA L] THE S 2] QeM AEE
3I3ict. QCM A3 o] FskE wi= A1) A% el Al
AEIA FENS ST W s Fo)E A Zlow
2 A% el AAEIA APt F2EE st 2has
¥ oL ofu 5% EF AT gtool ZRTIHE o]g8lo] A
WskE Hekgto =y ol FAkE AREA Y] 5 SHY
e WHoITH17-21,29,30]. 2 AellM = Aust A7t 242 =
2 29 A4S 714 (substrate)= 22} ARSI 0| o]m|UlER]
Als2] ol A A9} ol AAE/dA] TREM-LF 40
(sodium alky! allyl sulfosuccinateys ZHz} ARE-510 QCM A=

)
=

7Vs3t
:‘

A

Mo

=2

o O

R
Eale}
TR

i

=]
Einal

2u= T
A3t ol AvkEel Slshd Aush A7t A7 IRE A 2%
L 58S HaL gl Zle RIS 19-21,29,30].

f1e] AdAE v o 7 S8k HaL gl Aeirtel Aufl A
% A% ®o| 717} DEP-OSA82-AO0 %25/ A& A] 82
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Fig. 5. Zeta potential measurement for 0.01 wt% DEP-OSA28-AO
surfactant solution at 25°C, (a) DEP32-OSA28-A0, (b)
DEP34-OSA28-A0, (c) DEP54-OSA28-A0.

FelTHA FEE ARGYA AR S48 Fig. 60l LERHS
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6.967} 7.05 Afolell EAITHE & = Stk
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st FUst o2 QCM A3 333t AIE Fig. 6(b)S} (c)
off ZH ViERIIch. AifellA & = Qo] Hepplke IHE MY
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Fig. 6. Effect of pH on adsorption of DEP-OSA28-AO surfactant on
two different solid substrates of SiO, and gold at 25 °C where
initial surfactant concentration was 0.01 wt%; (a) DEP32-
0OSA28-A0, (b) DEP34-OSA28-AO0, (c) DEP54-OSA28-A0.

A3 AuR FHE A A4 7F FA3 S S Jepds
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Al2Ele] TR AERAS] Sl oJsle] Adet T 54 A
e} v A 2 AXTHE o = Alth QCM S el SJgh AH S A
Al2Ee] 5 57 W EFES TRE AR IA ARl
1% v} Qlrh19-21].
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¥ 548 5738t 3 A&7 (surface roughness)et P2 54
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Fig. 7. Effect of pH on NUMERI value for 0.01 wt% DEP-OSA28-
AO surfactant solution measured by Kawabata system at
25°C; (a) DEP32-OSA28-A0, (b) DEP34-OSA28-A0, (c) DEP54-
OSA28-A0.
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