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Abstract — In this study, the effects of cosurfactant on phase equilibrium and dynamic behavior were studied in sys-
tems containing nonylphenol ethoxylate (NP) surfactant solutions and nonpolar hydrocarbon oils. All the cosurfactants
used during this study such as n-pentanol, n-octanol and n-decanol acted as a hydrophobic additive and the hydrophobic
effect was found to increase with both increases in chain length and amount of addition of a cosurfactant. Dynamic
behavior studies under hydrophilic conditions showed that the solubilization of hydrocarbon oil by NP micellar solution
is controlled by an interface-controlled mechanism rather than a diffusion-controlled mechanism. Both spontaneous
emulsification of water into oil phase and expansion of oil drop were observed under lipophilic conditions because of
diffusion of surfactant and water into oil phase. Under conditions of a three phase region including a middle-phase
microemulsion, both rapid solubilization and emulsification of oil into aqueous solutions were found mainly due to the
existence of ultralow interfacial tension.
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FooA, A, 7HEEA 502 g ARgE o] & Tl A<l Hlo]
Aag/dAlolcH 14-16]. 12tk NP Hlo]& AHAL A7} A&
07 Fajju= gl AAdE= I HlE (nonylphenol)©] T3l
A EAZA, 8] A el (Endocrine disrupters, EDs), ¥ £
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2-1. M=

£ AFrellM= Bt ol 2@l SAF| = (ethylene oxide, EO) -7} =
TF7F 22} 5,6, 7,9, 10 ER1 =dolE o501 ES] NP5, NP6,
NP7, NP9, NP10 H]o|& AALAAIE oflo]A|o] 8] o 2 H-E] Al
ol HURE AAl7gglo] el o2 ARSIt 43 Adel
AREEE H|EA] ©EEA QU B = =5 99% o] Xk (n-decane),
EHZH(n-dodecane), EIEE}EZH(n-tetradecane), EXFIZHn-hexadecane)
5= Sigma-Aldrich25-E] 7-41510] ErhE A2 o] 1oz A
Hell ARg-815 0™, BEAHEIA (cosurfactant) R % 99% ©]
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Hjo]& AHEAA] FE-A} Bslra 2 Afole] 54 A A
8- 1133 (nonequilibrium) 2] A=0] HESIE o + A AL
0]2] ghatel| 23t 7k (intermediate phase)e] 8, APE= 53}
(spontaneous emulsification) T W AA 2] o]F5S Tt 4
318t horizontal stage microscopy s ©]-8-510] a3t o] & ¢t
o] 7| (diffusion path) 400 pm<! “¢*3-% (rectangular) glass capillary
cell(W2540, Vitrodynamics Inc. USA)el QP 3te A&/ d#] =&
NG A& 5, Aol A glass blowingol] 2J&t] 2R AlZkstE 2F 50 um
o]&}2] ulo] = 2 31 3l (micropipette) ¥} microinjection A] ~EIQ1
Picospritzer III(Parker Hannifin Corp. USA)E ©]-251%9 ©F 50~100 pum
o] A7E 2= 24 W (drop)ye Al A 8ol Fdslo] 2.3
AHEI A =8N 4] Aol Lojuh= TS videomicroscopy
£ olg3to] T3t 23-27].

3. 80 % EE

3-1. 24 58

NP A g e] U=, pH, 73, CMC, 48, AEd 5
o] H2]2 548 =4310] Table 10] Lokalo] LFERHITE. Table 1
oA & 4= Qli= vkl o] NP AAZIA] Al2le] CMC= AW
FAAS] H97d0] TS 1 gle] SRS & it ClE
S0] NP5, NP6, NP7, NP9, NP10 AlHA&A #]¢] cMcx= z+Hzt
2.32x107, 2.61x107°, 3.58x107°, 4.93x1075, 6.94x107> mol/LO] 31T}
AAEA 2] E gl = AlE ZHo)7} F7ghel wha} CMC #k
o] T7Fehs @ UNHAIQI vlol & AlAEAI A4 & LefA] Gl
TH1]. 55+ Table 1276 NP A A AlAE 2] eMCelk 9] 32
A glo] AAEMIA ] o] TS SIS o 5 9l
t}. o] So] NP5, NP6, NP7, NP9, NP10 AlH&A#|¢] 34
7 Z42F 29.02, 29.15, 29.83, 30.24, 32.01 mN/m= LFERASITE. 0]
23t Al TYst 259} % 271 Sl A Ale] 244
o] Z7lskd 3719k E2] Aol EATH= AAEIA A} 57}
Akl b AR S A w2t & 28k WAl S E7
wjizolc}.

A (foamy 712 HEo] Azl HFof| 2alx] Ee]s]o] FAHE
o QI FEo|& AR shuEA] 98] FHe] ARE AE-EFO
FHE] TRekeh ARRlellA] 3850 ARG I Qlnt. ol E EW AR

Table 1. Physical properties of NP surfactant used during this study

AFGHRL, Ak, W gAY 5, AL FEES I, AR,
H8-85), AlAl, 585 FZABE), 43P, A5A, AlzA] 53 22
AE oll% F (forth ore flotation), ¥ (flotation, soil remediation),
AA] (deinking), EOR(enhanced oil recovery) 5 FH$] 3 Akd7of
of] 2-g-x]o] ARg-E 2 glrt. o]ef gt vhekst FofellA aieste] & 7t
T Fast 54 9] shbrt A% P (foam stability) =A|0] T}
oS =9 ARl A W, 3 o SAEY HEE T3,
AR, S48 foam, THAIA T3 22 AAEEE2] Af-oll= 7 A
Frith Q== 7IRE kel AEo] s R ¢kar g AR
A= ofok 5FH, Hhe] 2| EQ} AAlAl 53 T2 749
7o) AR 713F ERtell shE oot dvt. gk SR
Alsk= AFe] Aol g 288 A7 2ZE 71t o il
B ARRE Yol o] A E ook Shrh28].
AAE A g0 AF PS> 13w

el

o 2

dAE
7} Qlet. ellE ol AMEIAS] sEugEe] & Aol 3719 4
gofe] Aol F2kehs A& g meuA] At g3rt sko.
R A A 0 R 5 oliA] s FAIsHA Elo] A5l
EPgste] Al XA Fk. wbde] ArAgAAle] o] 2}
& ol A AL 2719 8-he] oA E 53] %

FA H PR AL S oUA] AElE fAEHA Hlo] Aol Fd
A FAE 28 A5 P8 Aol St AHE/dA<]
ERY Ast &y} i ohe} pEH OB RE] AHEA] o] Fdl=
] 29 = A EAIA 2] 0] % 5 (mobility)ell QML FeES W=
RO dejA Qlrh28].

Foamscans ARE3107 1 wt% NP AlA A =g-olo] tht A%
NS ST AFE Table 19 .0kl LFERAQITE. A ujolA
& < 9J50] NP AASA A 2] 97 )= AR A A ojdall 24}
o|& ARE dol7) Skl wet sk S UERSIL A5
S| NP5, NP6, NP7, NP9, NP10 7l & A 9] wtztr]= zhzh
1498, 1121, 1004, 983, 955%31c}. WI7d7] glo] 25 o] <Hg3t
Ble] AEE uletr e NP5 A EAIA A A'le] 97t 7 A
SgAdo] ol & 4= 9lon, o] Aul= NP5 AHEAA7} o
AR Aol H|sto] W2 T ks 2H= R} AAghe o
A

Ax i o

°

32, A
RAANYAZE Bekra] Wl 29, NP Hlo]
A, B2 0|70zl g AlzEl 4

gom, ol gIslo] AL, SEL, A 52 &
RIYAZ AT, QA 0% Hlol & ARIYAVE 2574

Molecular formular Density® P HLB Cloud point* CMC? Surface tension at ~ Foam stability?
(g/mL) number °0) (mol/L) CMC? (mN/m) (sec)
NP5  C4H,4C¢H,(OCH,CH,);OH 1.031 7.1 10.0 <0 2.32x107 29.02 1498
NP6  C4H,4C¢H,(OCH,CH,);OH 1.039 7.0 10.9 <0 2.61x107 29.15 1121
NP7  C4H,4C¢H,(OCH,CH,),OH 1.050 6.2 12.0 20.9 3.58x107 29.83 1004
NP9  C4H,4C¢H,(OCH,CH,),OH 1.065 6.2 12.9 54.1 4.93x107 30.24 983
NP10  CgH,,C¢H,(OCH,CH,),,OH 1.068 6.1 132 63.2 6.94x107 32.01 955

*Measured at 25 °C.
"Measured with 5 wt% aqueous surfactant solutior.
“Measured with 1 wt% aqueous surfactant solution.

Time required to decrease initial foam volume by half at 25 °C where foam was generated with 1 wt% surfactant solution.
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Table 2. Effect of cosurfactant on microemulsion phase behavior in Table 2. (Continued) Effect of cosurfactant on microemulsion phase
systems containing NP5 surfactant, water and hydrocarbon oil behavior in systems containing NP5 surfactant, water and
A=Pentanol 25°C 30°C 40°C 50°C 60°C hydrocarbon oil

n-decane 2 2 2 2 2 A=Decanol 25°C 30°C 40°C 50°C 60°C
A/S=0 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
n-tetradecane 3 2 2 2 2 A/S=0 n-dodecane 2 z z z z
n-hexadecane 3 3 3 3 2 n-tetradecane 3 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 3 3 3 3 2
A/S=02 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 3 2 2 2 2 A/S=02 n-dodecane E z z z z
n-hexadecane 3 3 3 3 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 3 2 2 2 2
A/S=04 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 3 2 2 2 2 A/S=0.4 n-dodecane E z z z z
n-hexadecane 3 3 3 3 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
ASS=06 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 2 2 2 2 2 A/S=0.6 n-dodecane E z z z z
n-hexadecane 3 3 3 3 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=08 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 2 2 2 2 2 A/S=0.8 n-dodecane E z z z z
n-hexadecane 3 3 3 3 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=1.0 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 2 2 2 2 2 A/S=1.0 n-dodecane E z z z z
n-hexadecane 3 2 2 2 2 " n-tetradecane 2 2 2 2 2
A=Octanol 25°C 30°C 40°C 50°C 60°C n-hexadecane 2 2 2 2 2
n-decane 2 2 2 2 2 2: Lower phase or oil-in-water(O/W) microemulsion in equilibrium with
n-dodecane 2 3 3 2 ) excess oil phase.
A/S=0 n-tetradecane 3 5 3 5 3 3: Middle phase microemulsion in equilibrium with excess oil phase and
hexad 3 3 3 3 3 excess water phase.
frhexacecane — — — — - 2: Upper phase or water-in-0il(W/O) microemulsion in equilibrium with
n-decane E E % % E excess water phase.
n-dodecane 2 2 2 2 2
A/S=0.2 — _ — Z Z
n-tetradecane 2 2 2 2 2
n-hexadecane 3 2 2 2 g of] whZ mo] Az oA L] AFxdolof slo] A gttt
n-decane 22 1 1 12 4% AAINE 20¥500] ER Tables 2-5014 W= vls} 2
Alg=04 dodecane L o] MAARNBAAS T S B, BHE52 90 NP AW
memdene 222 2 2 A SO 0] o AR AEE HlolE AT
n-hexadecane 2 2 2 2 2 _ g
-decanc 5 > > 3 3 9] ZgAdo] & k2 2% 2741 lower phase 2= O/W PIO]
n-dodecane 2 2 2 2 2 Ao H0] excess LU} FEHE- o] F= 24 JA Q)] EANSHH, vE

AST06 etradecane 2 2 2 2 2 WHol| Hlo] & AR A 2] Aido] & 52 25 Z710A% upper

n-hexadecane 2 2 2 2 2 phase 2-2 W/O vlo] AR A HHO] excess B} S o]F+= 24
n-decane 2 2 2 2 2 @% eI 22l3 sk @)9] g0l 27t EAlshs enl

Alg=0g dodecane 2 2 2 2 2 1t 2= middle-phase VFo] Lz oH 0] excess A7

pletadecane 2 22 22 excess B3 247k BRE olF 3¢ 9IG0) EAR. wat
.- Tables 2-50114 1= 713} 0] Whal: 2219] Bavl S7kol

n-decane o -
n-dodecane 3 3 3 3 3 up} 204 34 G99 AR 229 ARolE & R dolwk
A/S=1.0 n-tetradecane 5 5 5 3 3 t} oIS 51, NP5 AH S A AJAEoA 34 JFollM 27 7o)
n-hexadecane 2 2 2 2 2 e i HEURE @bz 22 A9 242t 25~30 °C9}
50-60 °CZ LERgi} o= Bkalaa ©210] AR Zlo] Z7te] uke}
AREA) 2550 7SR FAF Fo]7E elofb 5]

He H2 5 A= el B ko] AHEAATT AaNE 25 T7IA AHBIA AL S TTAA

partitioning®} 7F5/d0] ml§- o @ S=gol Ako] AHEA A FE oF a17] wiiEotH1-11,22-25].

2 A% 7)EoR SR Aa9lon], 53] & A7) TRl £ 0 S, NP AR A, B2 0] F0171 3R Alwlo
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Table 3. Effect of cosurfactant on microemulsion phase behavior in
systems containing NP6 surfactant, water and hydrocarbon oil

BEAFD AP} wdvlls olSAolE AR, 98k 04, B ofFoR APIRAIL] dHE W sl viAle % 973

Table 3. (Continued) Effect of cosurfactant on microemulsion phase
behavior in systems containing NP6 surfactant, water and

A=Pentanol 25°C 30°C 40°C 50°C 60°C hydrocarbon oil
n-decane 3 3 2 2 2 A=Decanol 25°C 30°C 40°C 50°C 60°C
n-dodecane 3 3 3 2 2 n-decane 3 3 2 2 2
A/S=0 — -
n-tetradecane 3 3 3 3 3 A/S=0 n-dodecane 3 3 3 2 2
n-hexadecane 2 2 3 3 3 n-tetradecane 3 3 3 3 3
n-decane 3 3 2 2 2 n-hexadecane 2 2 3 3 3
n-dodecane 3 3 3 2 2 n-decane 2 2 2 2 2
A/S=0.2 — — — -
n-tetradecane 3 3 3 3 3 A/S=02 n-dodecane 3 2 2 2 2
n-hexadecane 3 3 3 ’ n-tetradecane 3 3 3 3 2
n-decane 3 3 2 2 2 n-hexadecane 3 3 3 3 2
n-dodecane 3 3 2 2 2 n-decane 2 2 2 2 2
A/S=0.4 _ — — — -
n-tetradecane 3 3 3 3 3 A/S=0.4 n-dodecane 2 2 2 2 2
n-hexadecane 3 3 3 3 3 " n-tetradecane 2 2 2 2 2
n-decane 3 3 2 2 2 n-hexadecane 2 2 2 2 2
n-dodecane 3 3 2 2 2 n-decane 2 2 2 2 2
A/S=0.6 _ — — — -
n-tetradecane 3 3 3 3 3 A/S=0.6 n-dodecane 2 2 2 2 2
n-hexadecane 3 3 3 3 3 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
A/S=0.8 _ Z _ — — — -
n-tetradecane 3 3 3 2 2 A/S=0.8 n-dodecane 2 2 2 2 2
n-hexadecane 3 3 3 3 3 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
A/S=1.0 _ _ Z _ — — — -
n-tetradecane 3 3 2 2 2 A/S=1.0 n-dodecane 2 2 2 2 2
n-hexadecane 3 3 3 3 3 " n-tetradecane 2 2 2 2 2
A=Octanol 25°C 30°C 40°C 50°C 60°C n-hexadecane 2 2 2 2 2
n-decane 3 3 2 2 2 2: Lower phase or oil-in-water(O/W) microemulsion in equilibrium with
n-dodecane 3 3 3 2 2 excess oil phase.
A/S=0 n-tetradecanc 3 3 3 3 3 3: Middle phase microemulsion in equilibrium with excess oil phase and
excess water phase.
n-hexadecane % % E E 3 2: Upper phase or water-in-0il(W/O) microemulsion in equilibrium with
n-decane 2 % 2 2 E excess water phase.
- 2 2 2 2
A/S=02 n-dodecane 3
n-tetradecane 3 3 3 3 3
mhoxadecane 3 3 3 33 s ARE A 2ol thet Sae7h 2asio] 20 27}
mdecanc A sl HlE 2014 34 Qole AR T9) o] Hi- £k 24
Alg=04 dodecane 0z 222 3 gk ol So) HIRE 200) ¢, 34 deloll 2= o]
n-tetradecane 2 2 2 2 2 . — _ o
- - z - - T 2535 NP5} NP6 AAE A A[281e] 49 2H} 50~60 °C
n-hexadecane 2 2 2 2 2 oc OIA] AL Frola 2= ]
— — — — — = kel
n-decane 2 2 2 2 2 2} 60 °C ol AS- g1 4= i
(ggg  Mdodecane 3 3 3 3 3 kol A 9153t vhel 7o) middle-phase Tl A Z o H AL 1072
A/S=0. = - - - - . w =
n-tetradecane 2 2 2 2 2 ~107™* dyne/em JE2] v S AW S Zh= EAJ 0 7 213
n-hexadecane 2 2 2 2 2 tloksl Ale] HololA ALo] 7fssln g PAEE= o 208 7
n-decane 2 2 2 2 2 ok 28 )¢ 2310} Tables 2-501 el st AREAIA, 2, &
Alg=gg  dodecane 2 22 2 B 9.19) 3R Al Tak A% AujellA] B - glko]
WF?MW ; ; ; ; ; NP9} NP109] 21543 AHEAAI] ¢ 60°C oo &5 71
n-hexadecane . .
n-decane 2 2 2 2 2 o] middle-phase Flo]|AZAHA AJo] 753, NP5, NP6}
nedodecane 3 3 3 3 3 T 2 ANEIAS] 9ol = middle-phase PRl A2 H A
AB=L0 | etradecane 2 2 2 2 2 of w2 &5 el AFA o ® FPF= Zs o 5 3lvh
n-hexadecane 2 2 2 2 2 wW2hA middle-phase Plo]AZ oA HA-S Lk 34 o] w2

Hlo]& AWEYA 25719] oI5 F7HI7 1A} 1542 ol
714 222) 0] S L v
= 7k 247k

FAl Shomx 20014 3
Z 7 Stk ol Hlol 2 A& 9 o

[e]
i ol e

galLA

=1

2EolA 3 E7] Aste] AdE 7R REAAEA A 7Pt
A A& & 5 St

REAAE A ZA L5782 AW (interfacial layer)ellA] 1A
T 7K 23 YERdT, AAls AHEAIA] AlAE] 2194 1l 4
TS ST A o2 Uubd o2 g2 A0 T3-S Alug
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Table 4. Effect of cosurfactant on microemulsion phase behavior in Table 4. (Continued) Effect of cosurfactant on microemulsion phase
systems containing NP9 surfactant, water and hydrocarbon oil behavior in systems containing NP9 surfactant, water and
A=Pentanol 25°C 30°C 40°C 50°C 60°C hydrocarbon oil

n-decane 2 2 2 2 2 A=Decanol 25°C 30°C 40°C 50°C 60°C
n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
A/S=0
n-tetradecane 2 2 2 2 2 A/S=0 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
A/S=0.2
n-tetradecane 2 2 2 2 2 A/S=02 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 ’ n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
A/S=0.4
n-tetradecane 2 2 2 2 2 A/S=0.4 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 ’ n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 3
A/S=0.6
n-tetradecane 2 2 2 2 2 A/S=0.6 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 ’ n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 3 n-hexadecane 2 2 2 2 2
n-dodecane 2 2 2 2 3 n-decane 2 2 2 2 3
A/S=0.8
n-tetradecane 2 2 2 2 3 A/S=0.8 n-dodecane 2 2 2 2 3
n-hexadecane 2 2 2 2 3 ’ n-tetradecane 2 2 2 2 3
n-decane 2 2 2 3 3 n-hexadecane 2 2 2 2 3
n-dodecane 2 2 2 3 3 n-decane 2 2 2 3 3
A/S=1.0
n-tetradecane 2 2 2 3 3 A/S=1.0 n-dodecane 2 2 2 3 3
n-hexadecane 2 2 2 3 3 " n-tetradecane 2 2 2 3 3
A=Octanol 25°C 30°C 40°C 50°C 60°C n-hexadecane 2 2 2 3 3
n-decane 2 2 2 2 2 2: Lower phase or oil-in-water(O/W) microemulsion in equilibrium with
n-dodecane 2 2 2 2 2 excess oil phase.
A/S=0 n-tetradecane 2 P P P P 3: Middle phase microemulsion in equilibrium with excess oil phase and
o o o - - excess water phase.
n-hexadecane 2 2 2 2 2 2: Upper phase or water-in-oil(W/O) microemulsion in equilibrium with
n-decane 2 2 2 2 2 excess water phase.
n-dodecane 2 2 2 2 2
A/S=0.2
n-tetradecane 2 2 2 2 2
nhexadecane 2 2 2 2 2 2 B ol Ak O e s] AR o} 145 )
n-decane 2 2 2 2 2 HEA A9} HEAAE YA DF2] & F9 “=(elastic bending

Arsgg  Mlodesane 2 2 2 modulus)’} 57F3kvd, 7M§-812] BEdt Z71ieh36-38], MW H

n-tetradecane _ _

> N N N N Ale] gz wlold HAe 1718 Abole] &5E partitioning
n-hexadecane 2 2 2 2 2 o s -
ndecane > > > 5 5 9] JgkS whon A9 partitioning =2} AFAd e whet

A/S=0.6 n-dodecane 2 2 2 2 2 3F t:;1'1"]'[29'32]-

" n-tetradecane 2 2 2 2 2 NP AALIA, =, H|54 B8t 2de] 3T 0= o]Foxl
n-hexadecane 2 2 2 2 2 N2Ele) HEARSIAZA AL, S, BRke 58 717t H
n-decane 2 2 2 2 3 Ve 79-0) A Bate] Avimgkon, 53] wEARYA

s dodecane 22z 2 7191 w2 middle-phase P}l 2ol A Bdoll FH& Fol ABE

plendsene 22223 BT, Tables 250 Lok AjollA] 2 4 gl Ak L
n-hexadecane . L s

o T— > > > 3 3 NP AlFZAIA] AlAFlol| REARGAAR 7Vet -5, 32/

~ N N 1A A © o) =2 Z 71 [eR=A=] A) 0o O

n-dodecane 2 z z 3 3 ‘f’ipé_' oXﬂ,] H]E A/S ) 7]'}\] tloﬂ UZ]—E]— ;j_lj]ﬂ 3 o o= 7%

ASSLO o fecane 2 2 2 3 3 ] 20 7 Abo]7} dofyir). ¢l £, NP6 Al S 4] Al2~El] 7

n-hexadecane 2 2 2 3 3 -, 25 °Co] &% 7oA AAMHIZES QA2 ARE-SE 9, A/S=0.2

Ql 7R = o] EAISI, A/S=0.2 ©]/de] ZAolM = 374 o]

EAIBIGILE. o] AR 2 e A2 AUDIA| AL TS

A BEO) DS TN whe] 7] ARe] S AL FTMATIE HEARBYAR A8 &k B8 25 3}

o) 254 ST F WAL ARG BB WY S Bse 009 ARk 2o] Tol wel 2027 34 9olg

(elasticity)? 275 (curvature)ell F&F= v|HA wlo]de] 7F8-35} & Az 202 Zolgh=tl] Mgt REAAIIA HAehe H7pgo] 7t
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Table 5. Effect of cosurfactant on microemulsion phase behavior in
systems containing NP10 surfactant, water and hydrocarbon oil

BEAFD AP} wdvlls olSAolE AR, 98k 04, B ofFoR APIRAIL] dHE W sl viAle % 975

Table 5. (Continued) Effect of cosurfactant on microemulsion phase
behavior in systems containing NP10 surfactant, water and

A=Pentanol 25°C 30°C 40°C 50°C  60°C hydrocarbon oil
n-decane 2 2 2 2 2 A=Decanol 25°C 30°C 40°C 50°C 60°C
AJS=0 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
n-tetradecane 2 2 2 2 2 A/S=0 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=02 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
™ n-tetradecane 2 2 2 2 2 A/S=02 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=04 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 2 2 2 2 2 A/S=04 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=06 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 2
" n-tetradecane 2 2 2 2 2 A/S=0.6 n-dodecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 " n-tetradecane 2 2 2 2 2
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=08 n-dodecane 2 2 2 2 2 n-decane 2 2 2 2 3
" n-tetradecane 2 2 2 2 2 A/S=0.8 n-dodecane 2 2 2 2 3
n-hexadecane 2 2 2 2 2 " n-tetradecane 2 2 2 2 3
n-decane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
A/S=10 n-dodecane 2 2 2 2 2 n-decane 2 2 2 3 3
" n-tetradecane 2 2 2 2 2 A/S=1.0 n-dodecane 2 2 2 3 3
n-hexadecane 2 2 2 2 2 " n-tetradecane 2 2 2 3 3
A=Octanol 25°C  30°C 40°C 50°C 60°C n-hexadecane 2 2 2 2 2
n-decane 2 2 2 2 2 2: Lower phase or oil-in-water(O/W) microemulsion in equilibrium with
n-dodecane 2 2 2 2 2 excess oil phase.
A/S=0 - - - - - 3: Middle phase microemulsion in equilibrium with excess oil phase and
n-tetradecane 2 2 2 2 2
excess water phase.
n-hexadecane 2 2 2 2 2 2: Upper phase or water-in-0il(W/O) microemulsion in equilibrium with
n-decane 2 2 2 2 2 excess water phase.
A/S=02 n-dodecane 2 2 2 2 2
n-tetradecane 2 2 2 2 2
nhowadecane 2 2 2 2 2 2 ALG T 5ol AL S A7k A9 FAT AL ek
n-decane 2 2222 gzl ol SRkt HRbge] BE 2548 S 1A
A0  Tdodecane S AR G iR B ARLRIE S0, g
emdene 22222 o) 0% QeS| AR Lol TN mep] FAe 2
n-hexadecane 2 2 2 2 2
— — — — — X A A A BN AZ=Xo] Z=y)8ke oF 4= © = o]A)E
S . - & § AR A2l 5] S 2 5 Siek %, A3
AS=0.6 n-dodecane 2 2 2 2 2 229} 54 "3laa o] disto] 2027 3 g9 714 2
" n-tetradecane 2 2 2 2 2 O 7 Holsk=t| F st REAUDYA| Ml AetSETE &
n-hexadecane 2 2 2 2 2 e, XS] 0% Atk & F vl ole 43EE0] A
n-decanc 2z 2 2z 3 2otz Z7hA7el Wk wARI AL wek 2949 WA
Als=gg dodecane :d 2 2z 2 3 2A457] o]t} i Ao Hheh Aeke, Seke, Uik 5
riencsene 2 2 2 o) WAAVIIAE NP ARIA A 2le] 25H 0 Agat
e — u], NP5l NP6 AE Al Al28le] B9oli= 25 °Col A middle-
n-decane
R ~ N AL A5} Yeir]= A=A 0] B EAHEA
n-dodecane 2 2 2 3 3 phas? E}O]E’—%‘ﬂl% ‘O—EL i\ 3 011'7 | flaliAE o] RaAHE
_ > s 01 o o
A/8=1.0 n-tetradecane 2 2 2 3 3 A A7P BaAdE o 5 9l
n-hexadecane 2 2 2 2 2
3-3. 8 AS
Tables 2-5°1] QoF3lo] ERH A48 A3 A& Al oz vlol
A%hE & T Qe ol 2% S 22 vElrd edl A A ARLGA FEH v 54 2 Aolol] dojvk= T8 Ass
o] FHaxel wh} vlo]& ARG A2 o] S whitoltt, videomicroscopyE ©]8-5t0] #&SISITE. 25 °C 2271004 1 wi% Al

REAEDIAZ 2t

HEGA gl iRt e eS8 Aol skl B4 A
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Fig. 1. Measurement of oil drop size with time when a single drop
of n-decane oil was injected into 1 wt% surfactant solution
at 25 °C.

& AAE SISt ARt whet S s oY e A2 EH 2
d 27 DE 7] 249 A4 D= Vhe #R1(D/Dy)E EAISHA
Fig. 19 YERASATE. Tables 2 49]— Fig. 18] A¥jollA & &= 9150,
2 Z710]] S gsHe NP9 AlAEdA] AlAglolM = 2 el 37)
7} ARl wet sk, mlddle-phase nlo| I 2o HHo| EAshH=
NP6 A|2E1] o= dizb 2 W-go] oF 21 ol nlo] 320
HAo ehds] 7gsl= Qe el 2 A0l sigshie NP5 Al
Hlof| A& Al wet 2 2] 2717 g2l TSI
HEAHDIA H717F NP AL IA] V\E“Q] 4 Aol T
A= FEES b R 7] 9181 Fig, 10 Uehd U3 A2 #) A)
2llof] AThE-S A/8=0.6 WHF Z17F A ke - 30 °C°ﬂ*1 AlRte]]
g gzt 24e] 718 43t QEF Fig. 20 VERHSITE. Tables
2-4014 & 4= gl%o] Z17}e] ATAZAA] Al AElolA] kS-S 37}
Sk 7492 7Y diks eSS e & Ao BUshE
ok 4= glom, Est Flg 29] AoelA B 5 %ol Ak 7t
St A2 54 Ae2 Fig 17 Y3 AES vepds & 4 9t

jal

ﬂl
ut

= Tables 3-49} Flg. 20] A2 HE 2 273 3 Pl s
25
[ ]
[ N J
([
2.0 ° o0 [ ]
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[ J
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15 ] o0
s 1.5 ° o
S
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Fig. 2. Measurement of oil drop size with time when a single drop
of n-decane oil was injected into 1 wt% surfactant solution
at 30 °C where n-pentanol to surfactant ratio was 0.6 by
weight.
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Fig. 3. Measurement of oil drop size with time when a single drop
of n-decane oil was injected into 1 wt% NP9 surfactant solu-

tion at 25 °C where n-pentanol to surfactant ratio was 1.0 by
weight.
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Time (min)
Fig. 4. Effect of surfactant concentration on oil drop size with time
when a single drop of n-decane oil was injected into NP9

surfactant solution at 25 °C where n-pentanol to surfactant
ratio was 1.0 by weight.

= 2elXE 2 Wgo] ATkl wht ZAEEA| T NP6 Al2~Ele|
SR 34 JodelA 2 g A7 e 2 A
t}. Figs. 13} 201l ZF2F VeRd NP9 A|4ENS] 2 Z7elM 2] HEkS:
< A7ret Ae-sF A7k & A-2] -dD/Dyydt w2 77t
1.324x107 min~'¥} 6.312x107 min"' 24 S BEAEGA
Az 7t 797} 2vl] o) F A& & 5 QUL o) REAAE
AA7Y AAEGA BEF A9 packing densitys =<3
(flexible) 317 30101 AAZA A &oll 713k £55
HEA k= 21 & 4= QlTH9,22,23,29].

25 °CollM HEAAE A Heke-S A/s:1 0 7 1 wt% NP9 7|
HEAA| 8o H7let 3 gzt 9 &S AATIA 789
ol Fste] Akl whE oY F71E S7$ A A3E Fig. 3
o] FERISITt. Table 4041 & = gl=o] 3l 54 As A3 =1
2 JAo] FgehS & 5 Stk Aol B 4= gl%o] Hixk 2]
7H83E £ EE UERE Al whE 2.e] 37] ¥sk(-dD/dyE 2
Ae] 27 A7)9} AdTglo] 712l LAdaiet. Bt Fig. 40l UERA
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Fig. S. Efect of surfactant concentration on solubilitization rate
(-dD/dt) of n-decane oil when a single oil drop was injected
into NP9 surfactant solution at 25 °C where n-pentanol to
surfactant ratio was 1.0 by weight.

Hig o] FUE 2210 AMBIA F=F 1, 2, 3w 27t
HSA7[HA 2 715 S5 A8 AielA & 5= 9lzol 2 Al
HEAA| FEolA 2 W& A7l we} AP A o7 7histm,
Fig. 48] 7187|25€ G- 1, 2, 3 wt%olX 2] 713} &5 (-dD/dt)
= ZF7} 3.50x1073, 1.63x1072, 2.58x1072 um/minZA] 489 242
z7] AAEIA 5 SVt wEt STkl kgt Fig. 49 A3
2HE] AAGIA F5 Asle)] e 7183} 5 (-dD/dyE EAIS
A7F= Fig. 50l WERASITE Fig. 59 Aol & 5= gl5zo] 7H8-8t
L (-dD/dty= Z7] T8 o] AEEAIA Foll v]Esielt).
AAEAGA o] Adlof] o3t vl Ad-o] 3718312 (solubilizate)
714317} interface-controlled WIHUE Y 2Jste] dojufi= 9, 7}
£3} 5= vlo]2 AAE A ] ol vlEsh, st 27]9] @
A g A7)9} FHSHA Az whEt Aoz fhAsth
[26,27,33,34]. 24 Figs. 3-5¢0 ViR AfellA] & 4= Q=]
Zke] 71H8-3) S (-dD/dtys 2712 @Y W A1719) TSl A2
AAgsh, gt 7183} Hi= nlol AAEA A2 kel v]Elst

= Ao 2R sld oA NP Hlol AlHE A wlo] e
3t gizk 29 714-31= interface-controlled HIAHUES WE=
e L Q)

34 AHEH 53

Spinning drop tensiometers AR5} BISA] BHslA @Y izt
I} 1 wt% AAEZAIA (NP5, NP6, NP9) -89 A}o] 2] x|7tof| mhe
A7deE 25 °CeollA Z7g3I9ITt. Tables 2-40fl LR 2137 Bz
AHRZIAE H71ekA] 92 2719141 2] NPS. NP6, 4 NP9 A|2~E]
o] A8 Ak 247 2, 3 99, 28 UERE & 5 Tk Fig
6oll LFERdH ArfelA] & 4= 9150l NP9 A|AES: o mdshe
o] oF 3020] 25 on, FEA 2] A2 0.154 mN/m]
S UFERASITE v ol NP5 Al AE1S) ol o] Alw g2 NP6
7} NP9 A|2~Elle]] H]go] 32 718 YERYISEH], o] 2.0 mjo]
Alo]u} middle-phase PRo]T 2T 22> AAGAA] HEHA el
713k = Ro] ol AR B A 9} Eo] eUAto 7 Bksl] u)
ol H]=A 2o AA7E JASH| ks Ao AR qlrt

;
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Fig. 6. Dynamic interfacial tension measurement between 1 wt%
surfactant solution and n-decane at 25 °C.
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Fig. 7. Dynamic interfacial tension between 1 wt% surfactant solu-
tion and n-decane at 30 °C where n-pentanol to surfactant
ratio was 0.6 by weight.

[2-11,22-25]. $HA 3%+ Gjo] EAIFE NP6 AlA~FIS] Z--olli= H
oA 9.02x107° mN/m2] vl W= AAgE 7hs YeRyolom, 5
- oufjol] Fol] =it AWk o 7 107210 dyne/em O
- o A o] EAgko 2 Q5] ke 9kl @ o] middle-
phase Plo| Iz oA WE S22 71Hg-8hd 4 glo, 53] A|
A AARle] DA B o] WS o] AL gl PIT 271
oAM= FHle] edo] AAE 4= Jivkar deiA] Qlvh1-11,22-25].
Fig. 6l UERH NP6, NP6, ~12] 32 NP9 AlHE/IA] Al2Ele]] 1
ZAAE AR AehE-S AF 7|02 A/S=0.6 W 217 o)t
739, 30°ColA S AadE A9E Fig 791 dERSlTh
Tables 2-4¢]] YEPA ZX Y BZAHGAAZ H7let 271042
NP5. NP6, 3! NP9 A|XH1C] 458 Avl= 717} 2, 3 <9, 25
UepdS & 5= Qlok. Fig. 76l ERd AdjellA & = S1%o) 34 3
23 2700 Sgsh= NP6 Al~ElollA Alaeo] Byel Tush=
AZE} FgGela o] A gk oF 3} 2.27x107° mN/mE 7}
ZF JERYQIA, NP5 Al2~E1Q] 2 270 Ho Tgshe A
I} Aade gro] 22t oF 1023 0.1537 mN/m= LFERRIT) B3t
NP9 A|AEL9] 2 ZA oM Aldgeo] oF 10k olufell HEel =
el el A o] AEAE R 0.0227 mN/mOZA] 34 J

L
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W2 2ol 54 AEe] S ik %EPLHO*D} Heke-S 3
7Vet 735-2) A 574 Ak RERANSYAE 7] &
oTE‘r L A ISl oW REAHSIAE ke oF
& 7A5-9F vjmate] PPl Eush= Aol ©EE AL P elA ]
1”3_ e ke dAs] wollS o = Slnk ol AR wEAd
A7 AEZA BF A2 packing densitys flexibled}A| SF
o] o] A AALA AFA Lol 7HE-8ket = A 283k
oJu)3H}9,22,23,29].
42 E
B AT A, A, A 59 G Ak, AAE, 3
AE, AR, A% A1) B 9] A8} & NP AWBYA A
AEl0] nlo| A 2o HA Ao #ak A ul B2 A% A8S S
aslodct. Aldo) ] ALgst BEkS, 2Ere HI7ke o) B |HY
Al BT 254 7R 88l om, 254 7} vk 7}
A AR 2] AR o] 9 71 Z1el uket Z71sHgict.
A 23 37 B8 BElh 299 ARe o] 7l ue} 202
e 3 o1 712 202 stolahe] W AR A )
o] ZaBGHet, ol £ 37 5L W 2.909] AR o]

[¢]

Fo] W} o] & AREIA A 2Re] 2540] Z7F5)] wlolr.

3 A A9E nfgo® AHEIA "V\Eﬂoﬂ st 54 A
T 9 AAEE S AES st Ao, AdgdA] Al4Ee] A
FARI M= v/ 242 Fiel dasle]l od wEE Al
“gell 7HE-glEl o] AlTte] Zdel wt A717F 1A
SIQICE Bk 1573 'slra 24o] M3l S 2712 oY W
= A7]9k 3lo] AL dAsh, nlol& AAEAdAS] e v
deks A2 5E NP H|o|2 AL JA| nlol el &t ehslgar
Q9] 7}8-3}= diffusion-controlled AU E©] ohd, interface-
controlled WIAYEE w52 FRISIGITE Middle-phase P10 =520
o] EABRE 34 YoM E LYo 789 Aol mE SE=
7HgskE ], @ o] A2 e FE|E falElE ddo] TAE I
Hhd el Al A Al2glo] Al Z3A0lA= TREstE Q18]
o= 24 {351 A 23 AHEA Q] e Ao =0 St
OF Q% 99| 7] F7PF wEEC

H|5A) helrd @A) AHEAdA] 89 Alo]e] AlTte] wE
Ags 574 Aie 57 As APde} dAlske A4S vE

i
o
2
o
5%
mé
o:

iglew], A ee B Aol Bk e 99k vlst
o1 Bl AL gl il 3 Y] R
Z1o] BEERI), o) A7k Gl ANBYA LA BEL

7 s =8 st E]'ﬁ}—ru_ o] HA AR A 2=

g o7 FEeh 4= Q7] ulEel o7 oJafe 4= it
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