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sty Adold MR BEAQA A AAE onisie, dAZE s-rt Hike AR
1A -GA), Z1A-2A, AA-AA, AA-32A, DA-TA 5 5FFelk. EF A
Hile AAWNE T (surface)oldt ¥ 21 1299 ZHLoe AW (interface)olg H&
t}. .

ARBGAE AR, AA, AR, 28, 3FF, A%F, FF F& EEUS, &8,
HE AR AYG F o3 AdEokIA f3A, B4R, §&A, 712A, £2FA, AAA,
WA A, A, AEA, BEA T 2 42 ol&HL U oHT YT &
GRoFFoA 71g Fa3 Boprt HAA AWBAEA AAFS 50% ool £8FH 3l
= AAAGelgtn & 5 vk Zeuv oldd AREGA] FaF S&EokIH EJ
2 a3yt APl PR T detergency processe] EFAow ddte olFT
detergency mechanism®] TFHeo] AA3] olFAAA &1 Ut} [1,2].

ARAEA Aegde dAd gt E/FHe Hlol& AUEAHA  (nonionic
surfactant), o2 AREAA (anionic surfactant), %¥o]L AHEAA (cationic
surfactant), %40l AHRFAA (zwitterionic surfactant) FlA 53] QAlo] AMAAY
ol Hlo]2 AHEAGA S H]Fol Hairta Aot o= AW cotton fabricE AL
2 & ¥wd 129 washingolAl, polyester® 2-& synthetic fabricol €8 £ Jo
o EF B duAe] Hefo] sted W& 2xolA¢] washing (low temperature
detergency)°l E713]3tH ol & RolA exe] Wz vlole AMBAA Alge) 8
ol dalizta Ak 2§ olfjox Hlo]2 AHBAHAE MADNA o] 2ol g)
© S0l A"BAHA nHisld e YAuAdEE (CMC), 53 2%=°l4 micellar
solution®] surfactant-rich phase® surfactant-lean phase® #2Z5+¥ cloud point
phenomena, low foaming ¥ H|XA HX (hardness)ol @ W3 42 59 AHEL

zZta ot



7t8 2 <A detergency mechanisme Adam [3]] 9&A 19379 Ajokm
rolling-up £+ rollback mechanism® 2 Figure 1914 & 4 glXo] ©o] Xztg o]
e TARHA AVBAYA7L FH=o] 2de) mAEH tha =22 (contact angle)
ol M3yl wet 2ol EHoRRE MAYDT 4% mechanismeltt. T} &
Aol &Ko) @eol AME-EE synthetic fabric®] B9 29T fabricAlele] e ZAYH
(adhesion)©. 2 A3dt] H&zZte] Walo] W& rolling-up £E rollback mechanism®]
€HA g&o] $HRT. A2 ATEAEA [4-10] 95t Hjo|L AWBAAE Y
& AolA solubilization-emulsification®] %23 detergency mechanism© 2 A|QEHY O
o mebx el ANEAHAE TEF triglyceride ANMY AWY AHE ZHoz
solubilization-emulsificationsll #3te} AR 02} Fh},

2. vlo]& AHEEAA Al="e 4%3¥ (Phase Equilibrium)

Hlo] & AHEAA Y CMCE 10° moll BEZR W% Pold 2o FTo AugA
A& Eol H7istes ARGAA AYANE FAsA o). Figure 20 b Ax Y
ol AFYAEL dPHo 2 FLAYA T E HAVIATF EAA @S AL Ty
micelled FA3HA HIL ABBAHAY ¥x, FVA, L& S zA wa) cylinder,
bilayer, vesicle §¢ FZ& o|F Hr}

T3 n-dodecyl pentaoxyethylene monoether (Cy:Es)9] Hlo]2 AWBAA o} &
o o] JEAS &= AABYAY ¥ WE phase diagrame AHHE @ (Figure 3
F2), L= T27t W ZASCIME ARNGHA 2549 @144 chaind YR
AR8tL A9 head groupe E€ F3}i U= micellar solution (Lol &A%kt
¢ F=9 micellar solution (L)€ 2EE Z7HJW oW =3 2xoA
surfactant-rich phase (L)# AR &4A17} monomer FH 2 A= Ao £43 29
surfactant-lean phase (W)2 £2l¥= cloud point phenomena® UERlH o] £x=
cloud point (¥3)°l2ta ¥&t}  Cloud point phenomenat H]o]-2 w24 A) ol A] 7t
HEtte 558 3402, 259 Zld mte) vlo]le AMBAA MN2A head group
B B Abele FaZFel A gty Byl Y- Eol wAUze wal micelle
°l B+ close packing® °|%7 =™ micelle-micelle 7+¢] vander Waals Qg 95l
T doz EEHA "o

W+Li9]  two-phase regiondld LEE TS ZyAA  =Ho W+L1+Led]
three-phase region& AH W+L2 AHolHA €.  o7A L= lamellar liquid
crystalline phase %= neat phasegti £2]9™ Figure 40] Uebd A=Y =4 ©aes



A2 Zo] Nz mUE YAHY UE bilayerd structure2 ©|F A Utk L= A
9} crystald FHY FRE A phaseZA], anisotropicd FA4oz A
cross—polarizersZ ©]-83t #&A3lH birefringencedts F53 @& JeldiAd Eo

ex = gL Z7MIAFIA HH W+led two-phase regione W+Le+13¢] three-phase
regiong AA Lyt ¥AAD L:E FEFEw Aoz BFASW  structurelessdH
isotropicdt ¥t W+Ls two-phase regionol Z£A|3l+= L doublets, triplets 59 =
E3 FIAR o|FoA gtk Lo T €43 #HEHAE ¥%A T bicontinuous
structure £ plate FEj HAFAE o|FoF e F3o] 9l L3 phases &4 2
#2359 isotropicstA T EAEE WinH E AREIA JEAZ dstd EA E
" BojF W streaming birefringence @AFS el A Hr.

2. o] Z7le] ual W+Lse] two-phase region® W+Ls+122] three—phase region
Ax W+Lp¢l two-phase region®2 #Ho|¥ A ®t}. Reverse micellar solutiono|2} &
gt L9 F2E 49 Lid Aty 4L 3 F AREAAA 15499 head group
S FAFA NF) AT 54 B354 chain® B ¥ U ojgolx 2
=9 F=rt ¥ ZASA Figure 49 JERE AAE liquid crystald 9FQ
hexagonal phase (H)2} cubic phase’} Z#) ?\l‘? ‘

f19] vlol2 ARFAA L Fo Balriast e 20d AES HUE Al gHI
22X A AHEL Figure 59 9] ternary phase diagramel Jeld $ Aot (a)¢h
(el Jeld RAAHE P& 2x AYdlaE lower phase microemulsion (&
Oil-in-Water (O/W) Microemulsion, Winsor Type I)¢] excess oil phase$} H3 & o]&
© two-phase regiong FA3sIH, wde] (A9 (@Y L 2% dIYoA= upper
phase microemulsion (F2 Water-in-0Oil (W/O) Microemulsion, Winsor Type ID7}
excess water phase?t B ¥ & ©|F+ two-phase region® 343},

Lower phase microemulsion< Figure 69l JeEld AAYE o] A4 (dispersed
phase, internal phase)22A] 944 (continuous phase, external phase)dl Eol &x) 5}
< micelle] §3Fo] A= FEZ micelle Wl $3EHe HAs F=2 I7AY 33353
TFZo o2t 2FEtt. "3l 9 2 nonpolar 2L micelled] core Well $X]31H,
°FZt polardt dAol A4t 4E-E& T2 core$}t headd ZAA &sEA "ot ol

= HjolR AWEAAY S vy & head grouplE st L3 E Ao A gx
£ micelle®] W YAstE= ZA$E Aot whdHol upper phase microemulsiond o]

Ao 2 A, Ao g ZR e L YA reverse micelled] £33 Ho] g AL -
3t} (Figure 6 #=).



o283t F/H9 two-phase region®] EAslE L5 9 F Alolol A= Figure 5 (c)ol A]
+ A# Zo] middle phase microemulsion®] excess oil phase, excess water phase®t
B L& ©lFT three-phase region® ¥FAFTH Figure 5 (c)A RE Az} o)
middle phe'lse microemulsion2 B2 49 AUEAHAE TP YL ¥ ol T4
o B2 %9 2dm EL IFu YL ¢ 5 Yo &3] middle phase
microemulsion®} Z& R3 od¥x EL =ETFsu e me 2or=E
Hydrophilic-Lipophilic Balance (HLB) Temperature ¥+ Phase Inversion Temperature ’
(PIT) 2ta1 #&Y. PITE Gibbs' Phase RuleZ2%E &, Hlo]& AW@AAl, 229 3
BEANAME system parameter2A4 YT L ZE AL U 5 Yon wine 448
Al ol dellMe PITE 249 &, ARGAA/2de v So) wal WslA "ot [11-12).
PIT %= HLB Temperature7t MAAMIolA F23 oJujE 2= AL Figure 79 £,
| Hle]& AWEAA, n-hexadecane (nCig)9] 34EANA 65/35 cotton/polyester fabricol
L2EAA nCe®l AALEE 220 wtel 23 detergency 2YERE & 4 9ok A}
¢ F ovlole AWEAGA (CeE, CuE)® A$ ES zZzte] Aa"  PIT
(CizEs-nCie-water®] -4 30C, Ci2Es—nCig-water®] 2% 52C)oA nCie] ALl 2
2 JEdE o = Utk

#19 Figure 79 ZolM HE uis} o] PITIM AALo] Hurt H= Re
Figure 82] middle phase microemulsion®] excess oil phase, excess water phase$} T
¥<& °|F< three-phase regioniolA €x9 Walo] W2 7183 %)% (Solubilization
Parameter)} A3 ¥ (Interfacial Tension)E £33 A= HE & 4 ot oy
=9 solubilization parameters Zzt V.V, V./V.2 Uehiy A7 Voo V=
middle phase microemulsion®] 43¥ U3 Be 295 zbzt UehiH, V.= middle
phase microemuision®] #3& uetdth  FW v Y= 22 middle phase
microemulsion® excess oil phase, middle phase microemulsion™ excess water phase
Atele]  HyelMel AWFHL el Aoln) 227t FUHg o e d9
solubilization parameter, Vo/VsE 71318 wbdel] B9 solubilization parameter, Vi/V,
F2TE & F Utk W 229 Zole) mal v,E BAEY v = SIhee o
Atk PITE 29 solubilization parameter, Vo/V. 9} ] solubilization parameter,
W/ Vb M2 2Ashe 22l o] LEE Yoot T TS AWAY curveZ} M
Aot 2x9t Ao Aty aule AWAEol 10%dyne/om T2 g 3o Ao
T AT mWEA PITAM 299 AMAL] Hiz Y= AL 10”dyne/cm A=

e e ARFHI Aa"e N4-H-AHo) T3S o5 Wt solubilization
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3. 27

AA washing FAHANA ZAste Lde I E771 vl$ UUSIEZ detergency
mechanismg QT3] HAAME F& GEE FHLE 3 Ed Ao FasH,
Table 1€ Shell Development Co.9lA] detergency @72 3t A /Nddk sebum
soily) AL Vel Ros Fe)g 25%2 mineral oil, 30%¢] triglycerides, 30%2]
fatty acids, 15%¢] fatty alcohols® TAE o] th. E3] detergency BHA AmE
B AAsH] @z IBAH YE triglyceridesol FE AW ARNE FHo=
solubilization -emulsification mechanismel #3to AHHE A I} Liquid
triglyceride 2 triolein® A A AM8-3t$13, mineral oil2 = n-hexadecane® 18|11
ARG A2 E n-dodecyl polyoxyethylene monoether (Ci2En)9] 97% ©|AF £X9] n]o]
2 ABVEPAE AHS-EATh

3-1. Triolein System

CizEs-triolein-water Ao}A1e] W+D'(L3)+O three-phase regionoll#]¢] 2z} phase<]
z4€ 2t7te] £EolA phase volume 2% & E3td 73 ZTE Figure 99 LEhRR
ot Figure 9914 & % 31%°] 30-40T 9 2= FHolM WE A9 &53 &2 o]F9
A glen, Hlol2 AARGGA ] Oo thyt &=yl ForjELz 10% ooz &5}
7t ok Flsithrl 414T9 22004 FA3% 24U ULS ¢ £ Atk o
23 FZ3I} AU 414T9 &=z 7ol W+D'(L3)+0 three-phase regionol A
upper phase microemulsion®| excess water phase®} % ¥-& o] two-phase region®
2 MolEt 2% ZHd Udots AL EFh 3W surfactant-riche) D'(Ly) TAHL A
HEE B2 EF o 3-4%9] tricleinZe] EFHO JE AL ¢ F Utk U3 A
o] 51-55C 2= HolA CpEsRt A4A17]) ethylene oxideE 3ht © Tdsln 9=
CrEE ARBAPAZ AHRSAE A= Uelds AL Figure 10A)0A E 5 3l
o 38 e 2xygdoi= L+D(Ly)+O three-phase region®] FEAs= AL
Figure 10(B)elA 48 4 ot Figure 119lE CpEs-triolein-water Al A 2]
three-phase region® Z4& Ueld 22 64T9 2XoAE 99 CpEs CoEclAlst
U BFE Holush (Figure 9, 10(A) #=), 6455CR 05T LE& F7HA71®
surfactant-rich phasedl ¥ triolein®] &3 =7l 23 F7lets AL & 4 Yo}t 3

B wlo]l2 AHEAA O phaseoll th3t A7t Bor|Feoz 10% ooz £x7}



Z7Hgtel @8t F718ht Figure 9914 & uiol 2 23 AW E dojuAE &
€ ¢ F A ol CiEs Al2¥e A9 de] ujo]2 AHBAHAY FFYPo)A 4
3 = o] middle phase microemulsion (D)7} excess oil phase (O), excess water phase
(W)e} 3L o]FE three—phase region®] EAdle AL ¢ 4 U3 Figwe 11EHH
Cr2Es—triolein-water AlolA49] PITE ¢ 68C7F HE & & 4 stk
Figure 125 CuE;, CiEs, CioBEs Al=ollA ¢ triolein AAEE 2k wat Z4z
ZA3% A2 A CpEsel A% PITE 339 middle phase microemulsion (D)7} &4
€ Z79A D phaseZl A=A &E Ci2Es, Ci2Eoll HIEHS trioleino] W4 wo] A
A€ & + Atk

3~2. Triolein-n-Hexadecane Mixture System

Figure 139] CyEs, Ci2E4, CioEs A12® oA triolein ¥ nCis AIAEEL 250 o}
Ztzt &3 3 detergency ZIE AMEW n-hexadecane® 50% H7FA CiEs, CioE4
CizEs A2l X €] triolein AIAEE nCis F7FHA &2 49 (Figure 12 =) ¥ln
3t} F7HHE & & AR EF nCi AAE] triolein AALETG 2 A& ¢ & Yo
o] detergency A CiEs-triolein-water Al2®o)) nCie® F7HA19 ARY NP4
(Figure 1238 o|s|¥ 4 9t} Figure 1491 A triolein/triolein+nCis)©] 091 2&@“’“
A= F  CrEsnCi-water A12=S X9 ZF7to) @}l lower phase microemulsion©]
excess oil phases} H#L o] F+= two-phase region®] 4 middle phase microemulsion®]
excess oil phase, excess water phase®t BW¥E ©|FE three-phase regiong AA
upper phase microemulsion®] excess water phase®} % ¥-& o]% £ two-phase region®
2 F WptO -> W+D+0 -> W+0,9 Aozt dojue 21& ¢ & . wdd)
triolein/(triolein+nCig)®] 121 A9l & CpEs-triolein-water®] 34203 o]Fojzl
AERE 259 F7lo mel Lo+D'(Ls)+0 -> D'+0 -> W+D'+02 A ol7} dojy
k. 9] F JGAtoldls F CpEstriolein-water Al2® o] nCie& A7AlolE 259
7kl ma} W+D'+09] three-phase regionol 4] W+D'+D+0¢] four-phase region® #
A W+D+049] three-phase region® 2 #Hols& AL Figure 149 ZHE #ul3l Figure
15914 & & ok, @A CpEe-triolein-water Al2®o] nCie& 718 H  middle
phase microemulsion (D)7} FAEA = triolein®] A AL Z719L & 4 9o
F nCie& H7HA triolein AAL o] nCis H7FSHA @& A9 wRsd 274843 nCy
AAEo] triolein AAEHT & o]f& triolein® nCiedll Hl5td EAtFo] & bulkyd
dE°l7] W&ol nCiol B3+ microemulsion® surfactant film X992 penetrations}



= Aol ol#E$™ nCe® A7 nCuxol FAHSE surfactant film A Hez
penetration3t 8 A surfactant film€ flexibledlAl &l @} triolein®] nCis H713HA
oo 7A%-ol wmate §o|8HA surfactant filmoll &= 7] WEolnt.

ol&13 AL CEs-triclein-water Al2®ol nCie& A7 A9 AWFH =3
A7 (Figure 16) 2 Table 22 W+D'+D+09 four-phase region® 2 49 Z=4&
phase volume Z&o| ot ZAZ Hio F e Utk = CpEs-triolein-water
Ala"o] nCie& A7 el wat ARFE L 435 F42FE & F U3 50 wt2%] nCre
o] A A% < 001 dyne/cme] R & ZE RS & £ Utk Table 29| Ao
A D phase®t D' phase®] ZA4¢ ¥ 2] 29 triolein® nCi©l D phasedl &z o 60
ul, o 10v) AE o EgHo Jeg € F glen, £3F nCol triolein®t D phasest
D’ phasedl 25 o 474 &3¥€L & & Utk

9lel ARESL FHeH vole ARGAA N 3 triolein® nonpolar L€ 3¢
middle phase microemulsion® %< surfactant-rich intermediate phase 3422 UAF
solubilization® 2w ZAste WS P& ABFHL2 Aste emulsificationo] 013}
A AYPE 4 Y, & solubilization-emulsification®l F8& detergency mechanismeo]z}

2 & 5 .

3-3. Effect of Short Chain Alcohol

CioEs-triolein-water, CizEs—triolein-water-nCis 2o 238 triolein® E3F Y
AAZS 91 AE middle phase microemulsion (D)8 o] #Aolglm & 4 QUth. o
24 4=8-A19] short-chain alcohol?! tertiary amyl alcohol (TAA)E cosurfactantZ 3
7}519& A9 D phase Aol #3 4%Y 4¥& FRUed, 2 Z3E Figure 17,
18 ERA AT

Figure 177 182 CyEs-triolein-water-nCig Al229 ol A triolein/nCis®] ¥l&©] Z+Z;
50/50, 70/30%) HEZ TAAE /NS A9 2o wE A%y 4¥2474E 4vE
m TAAE FH71ge] wel W+D'+02] three-phase regionolAl W+D+D+0¢ four-phase
region AHAA W+D+09] three-phase region®® Holsles AL o 4+ k. E3
Figure 189141 & 4 3l%°] TAAE H7IsHA ¥& A= EAstA & W+D+O
9] three-phase region®] TAA/C1:E=0.02 =HA TAAE #H7lstd FAE7 AlFste A
L & £ Jou, w3 TAAY *& ZFIMAgo) mel W+D+02 three-phase region©]
EAste 29/ 2A FUHEE ¢ F U

Table 3& CpEs-triolein-water-TAA A|Z%19] 45CoA AAP=E W+D'+D+09]



D, D, O nphase ZA€ HPLCo 93t =3t ZA3oly, Table 4=
Ci2Es-triolein-water-nCis Al&®ol4 TAAE H71E Al AASE D phasedt TAAS
H7teA &€ A9 AAHE D phasey AL HPLCY) o3t &A% Aotk
Table 3%} ;1-"—] 23258 D phasest D' phase?] A< vz @ TAAS 715 o)
w2t Y45 D phase’t triolein® nCie A el $388 & gleg & & ok
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Table 1. Composition of synthetic sebum.

Component wt%
Mineral Oil 25
Triglycerides 30
Fatty Acids 30
Fatty Alcohols 15

Table 2. Compositions in volume fractions of four coexisting phases

of the CipEs~water—triolein-n-hexadecane system at 39.2C.

Components
Phase
Triolein nCie Ci2E4 Water
O 0.4526 0.4921 0.0560 -0.0006
D 0.1602 0.2405 0.2354 0.3639
D’ 0.0025 0.0260 0.1480 0.8236
w -0.0113 -0.0108 -0.0043 1.0264




Table 3. Compositions in weight fractions of four coexisting phases

of the CiEs~water—triolein-TAA system at 45C.

TAA/C12E4=0.1603 (wt)

Components
Phase
Triolein TAA Ci2E4 Water
0 0.8788 0.0075 0.1136 0.0000
D 0.1478 0.0116 0.2725 0.5681
D’ 0.0677 0.0038 0.1429 0.7857

Table 4. Compositions in weight fractions of three coexisting phases

of the CiEi~water—triolein-n-Cis~TAA system at 45T.

TAA/CizEs = 0.0 (wt)

Components
Phase
Triolein nCis TAA Ci2E4 Water
0] 0.6310 0.2178 0.0000 0.0844 0.0668
D’ 0.0164 0.0217 0.0000 0.1095 0.8524
TAA/Ci2E4 = 0.2 (wt)
Components
Phase
Triolein nCis TAA Ci2Ey Water
O 0.5949 1 0.1825 0.0138 0.1353 0.0735
D 0.5143 0.1951 0.0195 0.1254 0.1457




(2) Complete removal of oil droplet by hydraulic
currents for contact angles greater than 90°.

!
el

—

(b) Rupture and incomplete removal of oil droplet
by hydraulic currents for contact angles less
than 90°.

Fig. 1. Rolling-up mechanism of detergency.
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Fig. 2. Schematic representation of surfactant aggregates
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Fig. 3. Phase diagram of CppEs-water system. W=water-rich phase;
Li=micellar solution; Le=lamellar liquid crystalline phase; Ls=isotropic phase

showing streaming birefringence; Ly=reversed micellar solution.
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Fig. 4. Schematic representation of common lyotropic liquid crystals.
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temperature for a nonionic surfactant system.
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C12E4/WATER/TRIOLEIN/n-C16 SYSTEM
C42E4: WATER: (TRIOLEIN+n-C46) = 0.080: 0.460: 0.460 (v/V]
0

e T T T T T T T T T
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e i
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E3m i |
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Fig. 14. Partial phase diagram for CisEs~water-triolein—n-hexadecane system.
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C12E4: WATER: (TRIOLEIN+n-C16)

o
<

TEMPERATURE [DEG. C]
35

30

C12E4/WATER/TRIOLEIN/n-C16 SYSTEM

= 0.080:0.460: 0.460 ([v/V]

(DETAILED DIAGRAM)
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TRIOLEIN/ (TRIOLEIN+n-C16) [v/V]

Fig. 15. Expanded view of portion of Figure 14 showing details of multiphase

regions.
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o—e (TRIOLEIN: n-C16=104: 0 [wt]) / 4 wtX C12E4
o——o (TRIOLEIN: n-C16=75:[25 [wt]) / 4 wtX C12E4
e (TRIOLEIN: n-C16=50:/50 [wt]) / 4 wt% C12E4
«—— (TRIOLEIN: n-C16=25:75 [wt]) / 4 wt% C12E4
s—= (TRIOLEIN: n-C16=0: {00 [wt]) / 4 wt%X C12E4
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Fig. 16. Interfacial tensions at 30C for 1 wt% Ci2Es with various mixtures of
triolein and n-hexadecane.
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WATER/TRIOLEIN/n-C16 SYSTEM
C12E4T/JI%%IN: n—Ci/G = 0.500:0.500 [W/W]

0912E4:WATER:(TRIOLEIN+n—C16) = 0.080: 0.460: 0.460 [V/V]
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Fig. 17. Partial phase diagram for Ci2Es~TAA-water-triolein—n-hexadecane system
with total surfactant concentration fixed at 8 wt%. The oil phase contains

equal weights of triolein and n-hexadecane and water to oil ratio is one.
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C12E4/TAA/WATER/TRIOLEIN/n-C46 SYSTEM
TRIOLEIN: n-C46 = 0.700:0.300 (v/V]
C42E4: WATER: (TRIOLEIN+n-C46) = 0.080: 0.460: 0.460 [v/V]
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Fig. 18. Partial phase diagram for Ci;E4-TAA-water-triolein-n-hexadecane system
with total surfactant concentration fixed at 8 wt%. The oil phase contains

70/30 triolein/n-hexadecane by volume and water to oil ratio is one.
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