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FE, AR, 457, A5, 712 A S5 SIS 3 ARSI A F8-elo] tigk Alekdg] 49
QCM (quartz crystal microbalance) A& Fsto] /3 ARDAIA7} Fol2 Al dAlolA nlo] ARGAAZ
2-go] Mg S ARt Aebd 9 S4E Folo] A A AMEIAY S8 QCM AdE
Folo] st SR At A dXsIion, B9 vpE AIV|E ARgste] $43 Y 54 Aol dXs)
= A% eIt # ATtellA ARSSE 38R AHGAA B, pHrF SR delA A 1 a2 & s
RIS, olest Aok A4 Bk B A 22 34 xdolA ol AMEIAR 2o mR Mg &
A2 ol fFAAEA s ow 283 4 Q155 onleitt.

Abstract — In this study, the measurement of physical properties of 3 different ethylene oxide adducted zwitterionic
surfactants were measured such as critical micelle concentration, surface tension, interfacial tension, contact angle, vis-
cosity and foam stability. Also, the dual function characteristics of the zwitterionic surfactants were investigated by
determining an isoelectric point, which were obtained using zeta potential measurement and QCM (quartz crystal
microbalance) experiments. The isoelectric point of the synthesized zwitterionic surfactant determined by zeta potential
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 all three surfactants used during this study provide better softening effect at a pH of neutral condition than at an
acidic or an alkaline condition. This result indicates that the synthesized surfactants act as a cationic surfactant at a pH of
neutral condition and thus provide good softening effect during a rinsing cycle in the detergency process.
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Al @ BEEE oIk 1-15]. AlAl W AZ-E-E A= A
AL A, FAd, 71328 55 2] Asto] vhekst 7
Zof| B3+ AFE W] o, ol A, 5, uidEA,
A=A 52 7ss BAlel e B35 Al AR
Al 7ake] g e/do] Sl L Qlrh16-18]. 53] A=) 13 2l A
ol B35S Al SRk Aol ulg- Fashd], ol Al
g A7) YeiMe AL FAEE AMEE Hlo] 2
20l AHEA = AAEIA BzA 2 3, 15Y, 7%
g 5o] F7EoJof s, A ES Eoli g 2% ohe}
T AR e AR B5 AA7E Ho vjiel Adfe




EO7F 771 ol SAlol= %]

ol dofuAl w7] miZelt16,17,19].

AAGA AN = ol 7]e2R] TAIE dstaal B =8

71 &018kaL, HZolle ol AUGgA ] T2 9 ol

&, A E(clay), 88 % 13 AK(modified polymer) 5 ©]-&-
we A7t WEiEo] 7 AvE A B Aol e AlEA
A7F EAIE7 % apglek. g 9 ks HAasksb] fleh Y
02 A= AALIAE ARSE AT L=l o, FH ol
ARl APG (alkyl polyglucoside)ys ARE-3H AlA| % 7= 8]
ot ey AAVE ZEEA AP e ARRE, 5 AR
5s Al TEE 5 e AAlE AEE AL QIH] =2 7o)
o A 23 AALY JiEQ] v, 35 9 AdRR SO JdS B
SAEES FEAT = tha ARk o E APAY RS
A7V AG AR Y-S HFe=EEAS B5e) BHoE A7 V)
L9 A& s FEel A7 Q7] wilstelth16,17,19].

] A Zd Al (zwitterionic =2 amphoteric surfactant)= 35,
= 2 el dste] 23slsh, u]d=el QJto] A FeEERE
P, AR, SEAA, AR, 2 FAA, s AAS A" 5
CRERE okl A8 = lti[16-20]. F o] oot
U= G AR A A T A7 (mildness) 5] 715 W
ofu]e} 33} QIAlel FalistaL Al=o] oM, Rl do] 93
EA T Y-S BAlel 2 AR el 4ol HFE 1
ATH17,18].

FEA A AE g FAF Ulel] ool )9} Fol =2 ]
ol 7|5 Zta Qlor g Ggdle] pH 7o wt ol A
A2} S0l F2 nlo] AlATAARE SAE 7 STt =,

’d AR A= T 013k pH 7oA ol AHEIAIZ
2-g8ko 24 fAgS vERE 5 9lor, 514 o)4de] pH 27
oflXe Fol& F2 Hjo]& AMBYAZ “-gato] AYEE et
4= Qloh21-23]. webA] o2t pHell e 254 Al g g A2l
e 2 83 3 TR IEA AWIA A= AP Y
AYE FAlol B 4= Qlrh16,17,19,23].

2 AFelME AT FAgE sAl 7T F e FEA
A g Aol tiste] AL dAS] 71241 B3 (@A vlold
, 2 AgE, 45, AE, 712 K3 S St
L EESE Y AEYIAS] 8] A4S olslishE vl JlofA
23+ 533 (isoelectric point) TFHS 21510] pH 2ol W 7|
G3A g N o] AEFA S (zeta potential) 572 QCM (quartz
crystal microbalance) A& ATt 123 AERAS] S92
QCM A3 oz E] AHsh 58S FA8 S0l oJsto] AA st
#3 v]wskiet.
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2-1. 8=

B Ao oAt el /33 DE12-0SA28-A0, DE1S-
0SA28-A0 % DE18-0SA28-A02] & AAE I A (N,N-di-[2-
(alkylamido)ethyl]-N-polyoxyethylene amine oxide)s A&l A&
319t} 09714 DEn-OSA28-A02 ol[&@l 2AJ0]= EO (ethylene oxide,
EO) nzo] F71e A dAE vehd A 02 oE 5¢] DEI2-
OSA28-A0= of|gdl SAlo]= 1250] Frbel A e o],

AREA S st 4 Atz ol lE oyl

A7 3ANe el wgt A 961

(diethylenetriamine)s & H| 2 1:22 3} 200 °CollA] 6413t 53t
HE-S A aYsto] o]n|tlEd (imidazoline) 725 43150, #|
WAEO 2= AE|oF (stearyl) AE 2d (oleyl) A|HARS &
H|2 8:2% Z3hel &3 AikE ARESFITE. o] % 120~180 °C2
25 2704 A7 BRF 25 FYste] ontEd 72 11
8o 24 T o] ol (dialkyl amidoamine)?] 7325 At &
ZH] Zv(KOH) 319 150 °C 2% 2794 ted oju| o}l
gl LAlo]| =8 Brlslgitt. Eo7) 71 Tl o] Eolw]
3 oS O R 453) Whso| 7eeh, BkEl A H,0)E
ARE3Ee] 70 °CollA 8AIZE FRE OFIEALO| = HES-S RSB
Tl AR S 2 HF AHEgA A E digt B4
A Tgol| Tt ApAISE Ul-8-2- o] 3ol 71 Bl glvk17,23].

Mo =

il

2-2. Al

AR ZGA] 2N o] T2 ring & plate method tensiometer
(K100, Kruss, Germany)g AR8-3to] 74315101, A wfol Al &
I=(critical micelle concentration, CMC)= &%= 57}l ulg} ¢ o]
2 B o] WIS ¥ FRE Ve o® slo] A4t
3 AHEA A 4-gN0] T2 ¥ (dynamic surface tensiony>
maximum bubble pressure tensiometer (BP2, Kruss, Germany)S A}
B3lo] SAsGIct AAE A =84 20] A= Ostwald F5=A1E A
3101 7315 1, =7} (contact angley>- pendant drop tensiometer
(DSA100, Kruss, Germany)s AFESt] A& §3] 3.0 uLs &
o|lt FEkiol "ol 3% - 1027t S Ao wT
] kit

A A 2 HT} n-decane LY Alo]2] Azl e F4 A
742 (dynamic interfacial tension)<> spinning drop tensiometer
(Site 04, Kruss, Germany)Z ©]-&35F] Z73th U7 3.5 mm2]
HEY M-S AEGA &, o] Al SAHE APTE 5
ThA] o] AleE 33] - v A3A1A ARESISiTE. AHE Al
FEAE ol AR F 10 pL FAPIE o]&3te] 245 F¢le &
AA7E Fhol gl e wirh«| o] AlRtel] whE e 5745t

Foamscan (IFAC, Germany)s ARg-310] A&/ d#] =g-H2] A
& YA (foam stability)S 3718131t} o] & $I5ke] 1 wo AlHE
Z3A 8-l 10 mLE T8 fejatel FYskar 3719] §HE o]
8319 150 em*S] AF-S B o 5 ARt uhE A2 F-5
g S 2 ATelME AF] 27] 79 150 eom® O
HE 700 sec &3F AFE] FI7F A vlES St Aldg
73R Al2wlel]l gk A P/ o5 st

AAEIA 8-l gk 438 % (phase equilibrium) 23S ]
3lo] pHE 4, 6, 8, 108 707 717} da]dt 5 w2 AlHEA]
Al Fgelg Az &, AEES AldTel 10 mL% Z42F i 9}
FA (vortex mixer)olA oF 30% F<F WS Alg7)F 911
AFEE 257 £0.1 M7 A gs] 0] 7hedt ezl ¥
aL 25, 30, 40, 50, 60 °ColA 242t 109 FRF A&7t el =2
s aiglon, ajd 25olM AR Ao ejvkat Hule] w3t
7} S& WE AlETE Bl =gt 0% 1kl oju o] e
o FelE THEIATH4-9,12-16,21,22]. AHEIA| g-H2] pH=
Mettler Toledo AF2] MP230 pH meters A&351] S350 01,
pHE 0.IN HCI# 0.1N NaOH &85 747} ARg-sto] a3t

S5 0.01 wi%®] A/ 3A] -85 0.IN HCI} 0.IN NaOH=
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962 W - 2] - okl
sl vhekst pH 2319 AE&A] F8As Azl Al

-l 2] AEFA 2] (ELS-8000, Otsuka, Japan)s
SR, AU GA LN Aekd
#rol 02! pH %IE T@@gi A7t

55k AR 574 AdellM ARESE s AMEIA RS
AZ7HSi0,)9} Au(goldy’} 217 TR % A1) A7 (quartz crystal) 3
off 247} EZelTA] AlAA FRFT 2ol 285 E ARE
SsI3ict. AMEIA] EH0] QCM celks FH8HHA e K=
E—r(frequency) 3RS 5793H(Q-sense E4, Q-sense, Sweden)
+ 3 ‘ﬂﬁ*a” g-tool 2ZE IS o] gato] Ak Wslw hlsio]
pavas A AHDGA L] ARS8l
pH Z71°]] [q”LE—_ AAZAA 8N S35 Wl FolriE F
AHE AA3YH16,19,21-25].

S S4s17] Aste] AMe vk A|87] KESFB4-AUTO-
A (Kato, Japan)E AR-5tod wFaA| 4 (fiiction factor)E 57 3ATH
KESFB-AUTO: A4, 0], 25 53 &2 A59] o, At &
/H w3 7@1: ol EA] Zo] o) 7b55 ]—U:] rsk A5

E—T*é—% = 5}"1 3 AZ7] (surface roughness)9t P 54 55
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g Ae] 5293 nlaste] ARl fAmE ;Lzs} gk~ L]—E]—LH“
NUMERI #t& AHEstL, o5 Falo] A4 9] #8297}

ST [24,25].

3-1. AlHENH S4

A5 AR 44| DE12-OSA82-A0, DE15-0SA82-A0 2 DE18-
0SA82-A02] 3 Firoll thslod CH;l (iodomethane)E ©]-83ke] 4=
&5 4% A 81.0~88.4% ©]3loH, At ﬁ]tﬂ%ﬂxﬂg] A
- 23S Table 190 2.9Fst] ZH2F UERNSITE. Table 1014 &
U%o] 35 741‘34%“*2ﬂ 24 *3%8— A 70 = 50% l
sJolr, AR 1012~12760130E}. oWl SAlo| = o] Al g
A Gg-ele] Es e Wislel] whe} sl Els 5% A3 Fig. 100l
LERNSITE. Fig. 1of] VFERH Aollx] & = §15%0] DE12-0SAS82-AO,
DE15-0OSA82-A0 %! DE18-OSA82-A0 AH&AA|2] cMCE 2
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Fig. 1. CMC measurement of DE-OSA28-AO surfactant at 25 °C:
(a) DE12-OSA28-A0; (b) DE15-OSA28-A0; (c) DE18-OSA28-
AO.

7} 3.19x1073, 3.50x107 2 6.02x107> mol/Lo|H, B3 CMC 27
ool mae gk 247} 47.20, 49.16, 51.03 mN/m ©|QIT}. ©]
EM A= v A AREAA] cMC E CMCellA €] 9
1 574 Ao} niseet s R Zlolth{16,21-23].
Du Nuoy ring tensiometers ARZ-310] 017l SAlO|E A A
HEGA FE-9e] pHe} T WEAZIHA S% e gt
< Table 201 ]3] YRSt AojellA & = Qlizo] Adg

Table 1. Composition of DE-OSA28-AO surfactant in weight percent used during this study

DE12-OSA28-A0

DE15-OSA28-A0 DE18-OSA28-A0

Active Component 50.8
Propylene Glycol 15.0
Ethanol 10.0
Water 242

Average Molecular Weight 1012.5
pH* 6.84

50.7 50.6
15.0 15.0
10.0 10.0
243 24.4
1144.3 1276.7
6.91 7.02

41 wt% surfactant solution

Korean Chem. Eng. Res., Vol. 50, No. 6, December, 2012



EO7F 771 ol SAlol= %]

A7 3ANe el wgt A 963

Table 2. Surface tension measurement for DE-OSA28-AO surfactant at 25 °C

(dyne/cm)
pH 4 pH 6 pH8 pH 10
1 wt% 473402 471403 47.240.1 471403
DE12-OSA28-A0 3 wt% 47.3+0.2 47.0+0.3 47.1+0.2 47.240.1
5 wt% 472403 471402 47.1+0.2 47.1+0.2
1 wt% 49.240.1 49.34+0.2 49.1+0.2 493403
DE15-OSA28-A0 3 wt% 49.1+0.2 49.240.1 49.040.1 49.24+0.2
5 wt% 49.1+£0.2 49.1+0.2 49.1+0.2 49.14+0.1
1 wt% 51.2+0.2 51.1£0.3 51.0+£0.2 51.0+£0.3
DE18-OSA28-A0 3 wt% 51.0+£0.2 51.1£0.1 51.1£0.3 50.9+0.3
5 wt% 51.1£0.2 50.9+0.2 50.9+0.3 50.8+0.2
2] BEE Z7IAel weh TR ok hadhs 43S 7@
vERSlou Bl A 2 xto)7t §litt ol CMC 20 & £ >4
719} gl o] Aol A/ A GEARER EslE o] QlojA] A 2 601 v
WA FES CMC OO 7 Z7kalol . Aol EAsk= A g can.
YA BAARE T ol F718HA ) wolth e A e § a0
A IA 55 ZdolA pH Wstel #AIgle] nlws dAsk % 8
WA ghS 2hs 207 Wol pH W3kl wkE AuEAAe] Aw 5 20| 9 30 caman
FHE 2 Ao]} e & 5 otk $ st Esman
AHEIA A2 ] 54 Ty 542 Fdd dglS o 0 . : :
9] A gk W ofet AHEAA7T 2 Ao R E )9k Te+1 Te+2 Te+3 Te+4 Te+5
o] Aol mekals ] BRFE Azl tlEt AR S AT Surface Age (ms)
A B AR 50) ABHEE, A, TH 9 R, 7w, A 80 15
stojo] F, gl A% 5 ok 9] Holole] AR _ =5 s
28 7PsAol] B3 F2T AHE ATHHI5]. Thepq 2 A7 £ o ""v\
A= GATE ol S| = A A 8- ell thsto] maximum < O com—
bubble pressure tensiometers ARSI 4 EHAYES 47t = '% 40
skl on, 1 A= Fig. 29 (a), (b), (o)l ZH2F YERJISITE. '§
51 wuge 24 Ak P36 £29S v ¥ady 3 £ 0] mamn
B olug} Fig, 20 Ve 57 AE 27 Aol & 5= 9l ® 250 Ecmoir
520] DE-OSA82-AO AHZAA AR fALSE FekS vl o 4 350 Bomoit
T AE S 5 O S, AMEIA sRE ST wet 1 1e+1 1e+2 Te+3 te+a 1e+5
AL 74sh, CMC 22 CMC ¥} 2 55 ZA0M: Fig. Surface Age (ms)
1ol e cMCellA o] e SA3 kel Bk s & 4 9l
o} o] A= 78 o2 RE 39 8N Ao R AW
A ARe] o) F I (mobility)’+ W] aA 7] whitel] AlAE A7 £
B4 2 A7 el o E3t0] 37)9) gl Awo] AmaEd z
A iR}l oJslo] Hlw A 2 A7t E3E = A ouldi), E
Spinning drop tensiometer= A519] 1 wiv% AR 5-g7} 5
n-decane 2 Ao]9] AJ7tel| whE AlAAES S7g3IQIT). Fig. 3¢ E
el A3l A # 4 1%0] DEI2-0SA82-AO, DEIS-OSAS2- a || 37 smeinon
AO 2 DE18-0SA82-A0 AAEIA| Al 2~89] Hol|r] o] A ® 602 ESmolL
2 747} 03512, 0.3875, 0.5743 mN/mel$Iek. B3t Aade gt O o2 s ora 1ors

o] Bl Tk bl oF 7~81-2] Hlw A Fe Al7to] 23T
AAEIA Sl whet 2 AfolE YA ottt 2 A F A
ARESE ol SAo| = AAEY A A|2~E 2] 3ol x| o] Al
A A ] wlo] Al g-olv} ghald @Y Afe]] AldgE v} b
58k 719 3ks 2 AE o 5 ATh5-15,19-25].

ArAZHIA g2 s=E AN HEZLS S5
A&7k 28 314 TH ASA (wettability)S LFERE= 58

Surface Age (ms)

Fig. 2. Dynamic surface tension measurement for DE-OSA28-AO sur-

Mo 2

factant of initial pH at 25 °C: (a) DE12-OSA28-A0; (b) DE15-
OSA28-A0; (c) DE18-OSA28-A0.

HEzo] whom 2e4o] wovl, 1A HHe AFYOR
&

=
= . 3L
FHeUA] ghe gt wbdel] HEzbo] od ZeAdol W
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Fig. 3. Interfacial tension measurement between 1 wt% DE-OSA28-AO
surfactant solution of initial pH and n-decane at 25 °C: (a)
DE12-OSA28-A0; (b) DE15-OSA28-A0; (c) DE18-OSA28-A0.

AL 2d O Qlete] R ol A7F WS st AakE 2
efato] LhERal Table 39141 & 5= 9150, AAEIA] =849 4
2 AMIA F7F SRl weE o ks & e 3l
o} 55 TAg AHE YAl s=olA DE18-0SA82-A07} DE12-

0SA82-A0%} DE15-0SA82-A0°] H|3l &) 3-8 & 4= 9]
o, o]y Ark= CMC 57 Arel YXshe & & Qick 3
25 °C] F2FolM BAIT HEAE o] g5t AdIgAl 8-
9 A%E 5743 A3}, Table 304 BXo] T3 F%= 274
DE18-OSA82-A0 209 H7} th2 AHdAi A gl 4
ol njste] ozt F& o 4 QiTh

AE (foam) 72 MEo] ) HEof 2g|A] el Fo] FAkH
o] Qi FRo|= AlAEIY] st 2%, AFEE, AA|, AF5E

FEATE), &3P, AEA, AxA) 537 AlE Llel= B (forth ore
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Table 3. Contact angle and viscosity measurement for DE-OSA28-AO
surfactant solution at 25 °C

Contact Angle (°)  Viscosity (cP)
1 wt% 49.1+0.5 0.98+0.03
DE12-OSA28-A0 3 wt% 48.7+0.4 2.98+0.02
5 wt% 48.5£0.3 4.97+0.03
1 wt% 46.4+0.4 1.01£0.03
DE15-OSA28-A0 3 wt% 46.1£0.5 3.02+0.03
5 wt% 45.6+0.3 5.03+0.02
1 wt% 39.740.6 1.02+0.01
DE18-OSA28-A0 3 wt% 39.3+0.4 3.04+0.02
5 wt% 39.1+0.5 5.07+0.02

flotation), $+73 (flotation, soil remediation), A %] & 5-(deinking),
EOR (enhanced oil recovery) & “FH$13E AFdatofel] A-8-= o] A
L= glor, o]t vkt FofellA] wEsie] & 7 Fash
524 S s AF QP Aot 15,23-25]. AHE/3A 5=
Solo] AF g g gk AAs BAE ol AW
A9 o] & Aol 3712 ] Aldel FAshe
AHE A 9] A UR] A3t A7 wtoH R AlHS Aoz
& oux] FElE I8kl Ho] Aol Erbdste] A XA
ot ol Alrag Ao magElo] 22 Aol AU A
7} 5719k g TN E {A3] BFA HERZ AW vt
& oA AEE AR Hol AsEel Pt fA1Eh £
AEL] P Aol FakE AMEIAY] 2 A5k av)
1 olue} 8-l o 2 HE AH7EA ol Hl AQEE AW
A 2] o) F 5 (mobility)ell iM% JES wH=TH15,23-25].

Foamscans ARSI AAZAIA =g ofst A oS
25 °CollA] ZH2 2231l o8 $131] 1 wit% AlAEIA 8
N AlF 10 mLE T893 el U3 o, Ax 7kAE ol
3lo] AFEE 150 em® FAGAIZ F Algke] e AE L -y
=43P om, AEFS 150 cm® FAAZ EERE 700 sec E2F A
2] F37} 7hagk v&-E S7ysto] AHEdA A2Ee] ok A
F A RS Wit DEI2-OSA82-A0, DE15-0OSAS2-
AO Y DEI8-0OSA82-A0 AlEIAl AlaElefa A3 Ag -
¥ 88 247 16.2, 20.7, 26.9% ©]H, o €@l Ao = Byl &
Tt S7VEE AE P fhash, o) Y 54 4
o} AXFH= AEFE vERE & = Sl

5 wt% AAZIA 8- tiste] 30~60 °CS] H e
pHE WSA7|HA 488 APS 33t 43, BE Alde
A|2H] BEo|A] wlo] Al 428 (micellar solution)®] L, “dRHo]
ZE| et ol e A e Y AUD/IA ARl t gt
& A% ®d v} ATH19-21].

=
RdgAS=3

25

iy

_ﬁ
oy M 2 X

32, R 8y

Y AHDAARE S olske] pH ZlelA & ol
PAIZ Aggrowy e avs veRd o 9leH, 5
ode] pH ZAelA = S0l 22 vlo]& AAZAIAZ 285
2A AREE FET 5 Qlok wEbA] o]} 22 g AaEHd
Ao 535 & 8ot FEA ANGAA ShE pH
2t AP d fAge F 7] Ves
shH, o]ef 3t Hella] ] A A 2] TS S5
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Fig. 4. Zeta potential measurement for 0.01 wt% DE-OSA28-AO
surfactant solution at 25 °C: (a) DE12-OSA28-AO; (b) DE15-
OSA28-A0O; (c) DE18-OSA28-A0.
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