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Abstract — In this study, interfacial properties were measured for imidazoline type cationic surfactant system which
has been widely used as a fabric softener, a dispersant, an anti-static agent, a bleach activator, and an emulsifier. The
CMC of imidazoline surfactant was near 6x10~> mol/L and the surface tension at CMC was about 32 mN/m. It was
found that surface tension was not affected by surfactant concentration but decreased with an increase in pH. The inter-
facial tension between 1 wt% aqueous solution and n-dodecane was shown to be about 0.01 mN/m and equilibration time
was not affected by pH. Phase behavior experiment in a binary aqueous surfactant system showed that only micellar solu-
tion of L, phase was found under conditions of temperature and pH investigated during this study. Only a two-phase
region consisting of lower-phase microemulsion in equilibrium with excess oil phase existed under the same conditions,
when oil was added to the binary surfactant system. The foam stability measured with 1 wt% surfactant solution increased
with pH, which is consistent with surface tension measurement result. QCM(quartz crystal microbalance) measurement
showed that surfactant adsorption increased with surfactant concentration but decreased with pH. According to the fric-
tion measurement, best fabric softening effect by imidazoline surfactant system was found under alkali conditions.
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Fig. 1. Surface tension measurement for imidazoline surfactant solu-
tion with concentration at 25 °C.
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Fig. 2. Surface tension measurement for imidazoline surfactant solu-
tion with pH at 25 °C.

Table 1. Surface tension of imidazoline surfactant solution at 25

H
Conc. (W/w) { 4 6 8 10
1% 34.85 33.62 31.50 31.17
3% 33.71 32.83 31.95 30.57
5% 31.50 31.00 32.28 31.94
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Fig. 3. Interfacial tension measurement between 1 wt% imidazoline
surfactant solution and n-dodecane with pH at 25 °C.
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] 1811 5= 0.01 wtv A& A 581 NaOHS} HCIZ 2}
@.Xé }01 7«%0”4 pH 2715 2ejslo] Ads sl Al
z A3bE VR Table 298] AellA = 5= Q150 4
A ollx f\l%f& = pH Zz1olA Al AS17F %] gk 2k A
& I 3l AlE 501, 78909 pHE 4,6, 8, 1002 7}
A1Fel whe Alel 9= 62.57, 51.65, 53.82, 60.58 mVe] ke 7F
ZF Ehfglt. ol2jg b iE ojv|ulEdl A EAl= pH *
el Zaglo] i Aat glo] Fdeks He As A1E 5 9le
o, pH 310l whe} 9 s} wh v OkOlﬂoﬂﬁ Ol 52

¢

Hlo] 207 Aghy= A 74]‘343%“21154 ol Add
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A FEHE TEFEA W High FolE ATRE FloR
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Table 2. Zeta potential measurement for imidazoline surfactant solution

at 25°C
pH 4 6 3 10
Zeta Potential (mV)  62.57 51.65 53.82 60.58
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Fig. 4. Adsorption measurement of imidazoline surfactant with con-
centration at 25 °C.
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o W3S Z735109 Fig. 400l LFERASILE. Fig. 4014 & 4= Ql%o
Si0,$} gold quartz crystal®] 5ol lojA] AHEIAl S2F
SETF SNkl wet B Frkshs AEE vEhisleH,

gold quartz crystats AHESIE 797} SiO, quartz crystals: A&

flo 2

mo

53]

S 99l laslel el A8 LERRelt. oI 5o, gold
2 TRE quartz crystatS AHES Aol AMEGA FEE 0.1,

1, 3, 5 wt%z =7 A0l whe) 25k 43.37, 49.03, 50.98, 184.61
ng 717t Z715HE o 4 Sk, Rk ARIA 51 2300 1}
o} 293 FA% 52 AI7E Table 300 Felslo] Lehiic

Table 39 sfell] ¥ & sitel Yol AURIA £5Ae) §

Azgo] ol Teek A BE B 270 7413 How
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O

GEEE
quartz crystal
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Table 3. Adsorption time and amount of imidazoline surfactant with
concentration at 25 °C

Gold Sio,
Mass (ng) Time (min) Mass (ng) Time (min)
0.1% 43.37 10.43 60.71 7.07
1% 49.03 9.38 67.08 8.65
3% 50.98 9.75 68.68 9.00
5% 184.61 9.62 115.94 13.13

/\6] .
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===

Table 4. Adsorption time and amount of imidazoline surfactant with

pH at 25°C
pH 1 6 3 10
Gold Mass (ng) 100.18 92.57 84.08 76.64
Time (min) 9.76 21.06 25.00 8.66
= AR Aol AEEAA s Tl BAIG0] S AlRle]
9.4~104 w07 W2 U3t
AAZAA FEE 1 wi%® 748k, pH 278 2alske] gold
quartz crystal 3EH0) AAL/IA) FE-s ZeTHA S2E AW
2gAe] A F2 S5 S74ot] 1L A= Table 40l HEh
Wil Aol B 2 G150l AMEA EATS pH F71el

2} kA= 73%% UrEMJ‘}iD} , pHZ 4, 6, 8, 10°0% 77+ &
7HAFel et & 247} 100.18, 92.57, 84.08, 76.64 ng®] %k

e ST} EE%& ;2‘01 Bl Tk ATk AgelA] A}
oF 8254 AL 2~Q¥lon, E3] FA

] »LEO]‘_‘ Alzto] 2 A= AS el

Tt 81027}57_ J¥l quartz crystak> YURF © % mimic cellulose
E/\i A]—%—E]"’ gylotq /H o] o] ?A/R—]/\]— QCM /‘\:_]‘6401] 217(4 A]ﬁ_g]_y]
olg e A& qelate] oA Aot AR Si0, quartzs AHEE
of Wrlo] THE= AMBAA] oFe] ZHL Ealo] o] LA

0=

A7 FAA R Agsto] Aol F&E = oRE wdshs it
o] AxEA] APE Asgiet. o)) AP oJshd ol

AAZ/IA|S] Z$- Si0, quartzell A F2HA] = Ag glsh
g UH7,8]. HHAe) ol AHEAAIQL onuER o] AHA

of Sfaka AWFYAL) F S mret FASE ol F7heta
9 el & 5 9tk olefat e Fol AN T Yol &
ARBGAZE AL 31 9LOm, el EobH 02 o] f

ARIE e As & 5 Sk

3-3. AHEME 32| oYY & HE 2MHY
25°CollA] pH Z700] w2 1 wi%e AlHEIA] 8N 2] A% <t
S S ol & $Iste] AAEIAl 589 10 mLE FY

Sk el ek thy A 7IAnE ol gslo] ARS F4% %
AFol A= FA=ENES WFE AR Fy] vists S5k A
o] H97} 2719] Rlo] EQlg wje] ARt sdsh= W (half-
lifeys 579315102, 1 A¥= Table 59 YERARATE. Table 5014
B 5 Qo] AR ) olv|tkEd AMEHIA E-99] pH
7} Z7Vgel et 3A S & ¢ Sl olE ol AluE
A -8909] pHE 4, 6, 8, 1007 Z12F S7kAel wat W)
£ 35, 169, 358, 564 sec® 27t Z718ISith AEL] w717 4

—{01

5% 7% Pge] ZRIER S8 pirt F7HESE A
_0/1 o]_;(‘]/HO] _%7]_6‘1—_0_ i]_o]‘a‘l- ];]_ 131{5]_ @34,‘: 1 wt% ]u‘qi

YA pH 270 0k g 27 Avkel wlms) wgke o,
pHZ} 7ol mte} R gelo) iassha, A% ergel S71et

Table 5. A Half-life measurement for foams generated with imidazoline
surfactant with pH at 25 °C

pH 4 6 8
Half-life (sec) 35 169 358
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Table 6. Electrical conductivity measurement for imidazoline surfactant
solution with concentration and temperature

Temp. Conc. Top Bottom Difference
O (wWt%) (mV) (mV) (mV)
1 1.038 0.989 0.05
20 3 0.989 1.021 0.03
5 1.029 1.586 0.58
1 1.021 1.019 0
30 3 0.833 0.8 0.03
5 0.996 0.99 0
1 1.115 0.887 1.117
50 3 1.113 1.111 1.206
5 0.002 0.224 0.089
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Table 7. Friction factor (MIU) and smoothness (NUMERI) measurement for fabric treated with imidazoline surfactant solution with pH at 25 °C

4 6 8 10
pH MIU NUMERI MIU NUMERI MIU NUMERI MIU NUMERI

1 0.134 15.25 0.139 15.28 0.133 14.77 0.134 17.11

Warp 2 0.149 15.14 0.135 15.02 0.135 14.83 0.142 16.18
3 0.142 15.91 0.14 14.74 0.131 15.07 0.119 17.3

1 0.159 15.47 0.145 17.06 0.131 16.99 0.134 16.37

Wett 2 0.142 16.43 0.138 16.92 0.136 17.63 0.130 16.87
3 0.14 16.31 0.141 17.43 0.072 20.16 0.131 16.92

Average 0.144 15.75 0.140 16.08 0.123 16.58 0.132 16.79
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