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Effect of Cosurfactant on Microemulsion Phase Behavior in NP7 Surfactant System
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In this study, the effect of cosurfactant on the phase equilibrium and dynamic behavior was studied in systems containing
NP7 nonionic surfactant solutions and nonpolar hydrocarbon oils. All cosurfactants used during this study such as n-pentanol,
n-octanol and n-decanol acted as a hydrophobic additive and thus promoted the transition from an oil in water (O/W) micro-
emulsion (UE) in equilibrium with an excess oil phase to a three-phase region containing excess water, excess oil, and a
middle-phase microemulsion and further to a water in oil (W/O) pE in equilibrium with the excess water phase. The transition
temperature was found to decrease with both increases in the chain length and amount of addition of a cosurfactant. Dynamic
behavior studies under O/W pE conditions showed that an oil drop size decreased with time due to the solubilization into
micelles. On the other hand, both the spontaneous emulsification of water into the oil phase and the expansion of oil drop
were observed under W/O pE conditions because of the diffusion of surfactant and water into the oil phase. Under conditions
of a three-phase region including a middle-phase pE, both the rapid solubilization and emulsification of the oil into aqueous
solutions were found mainly due to the existence of ultra-low interfacial tension. Dynamic interfacial tension measurements
have been found to be in a good agreement with dynamic behavior results.
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tion)7} AllA] Aol A 2] F 23t detergency MIAUZTOZ AR Sl oM,
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2.1. A=

E Ao M= AHEGAZ Hot oA SALo] S(ethylene oxide,
EO) §7} E57F 7 mol?] polyoxyethylene nonylphenol ether®] NP 7
(ello]Alo] A vlo]& ARSI E AHE-SIITE & A3 eA] AL-g-gt
NP7 AAZAdAS] LA wlo] A 5 %(critical micelle concentration, CMC)

$-%(cloud point)2 717} 3.58 mol/Le} 20.9 TolTh
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path) 400 um<] "3 -3(rectangular) glass capillary cell (W2540, Vitro-
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Hannifin Corp., USA)E ©]8-5}%] 2F 50~100 pm?] 2748 zh= wd
2 drops AHLIA FEHell T3] U3 AHEAGA] 8-
Aol AdefA dojul= #AS videomicroscopy S ©]-8-5Fo] #ES
QATH11-15].
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Table 1. Effect of Alcohol on Microemulsion Phase Behavior in NP7 Surfactant System Where Oil to Water Ratio is 1 on a Volume Basis with

5 wt% of Surfactant Concentration

A = Pentanol 25 C 30T 40C50TC60C A = Octanol 25C30T40TC50TC60 T A = Decanol 25T 30 T 40 C50 C60 T
n-decane 2 2 2 2 n-decane 2 2 2 n-decane 2 2 2
n-dodecane 2 2 2 2 2 n-dodecane 2 2 2 2 2 n-dodecane 2 2 2 2 2
A/S=0 A/S=0 A/S=0
n-tetradecane 2 2 2 2 2 n-tetradecane 2 2 2 2 2 n-tetradecane 2 2 2 2 2
n-hexadecane 2 2 2 2 2 n-hexadecane 2 2 2 2 2 n-hexadecane 2 2 2 2 2
n-decane 2 2 2 3 3 n-decane 2 2 2 3 3 n-decane 2 2 2 3 3
n-dodecane 2 2 2 3 3 n-dodecane 2 2 2 3 3 n-dodecane 2 2 2 3 3
A/S=0.2 A/S=0.2 A/S=0.2
n-tetradecane 2 2 2 3 3 n-tetradecane 2 2 2 3 3 n-tetradecane 2 2 2 3 3
n-hexadecane 2 2 2 3 3 n-hexadecane 2 2 2 3 3 n-hexadecane 2 2 2 3 3
n-decane 2 2 3 3 3 n-decane 2 2 3 3 3 n-decane 2 3 3 3 3
n-dodecane 2 2 3 3 3 n-dodecane 2 2 3 3 3 n-dodecane 2 3 3 3 3
A/S=0.4 A/S=0.4 A/S=0.4
n-tetradecane 2 2 2 3 3 n-tetradecane 2 2 2 3 3 n-tetradecane 2 3 3 3 3
n-hexadecane 2 2 2 3 3 n-hexadecane 2 2 2 3 3 n-hexadecane 2 3 3 3 3
n-decane 2 3 3 2 2 n-decane 2 3 3 2 2 n-decane 2 3 3 2 2
n-dodecane 2 3 3 2 2 n-dodecane 2 3 3 92 29 n-dodecane 2 3 3 2 9
A/S=0.6 A/S=0.6 A/S=0.6
n-tetradecane 2 3 3 3 3 n-tetradecane 2 3 3 3 3 n-tetradecane 2 3 3 3
n-hexadecane 2 3 3 3 3 n-hexadecane 2 3 3 3 3 n-hexadecane 2 3 3 3 3
n-decane 2 3 3 2 2 n-decane 33 3 2 2 n-decane 3 3 2 2 2
n-dodecane 2 3 3 2 2 n-dodecane 3 3 3 2 2 n-dodecane 3 3 2 2 2
A/S=0.8 _ _ A/S=0.8 _ _ A/S=0.8 _ _ _
n-tetradecane 2 3 3 2 2 n-tetradecane 3 3 3 2 2 n-tetradecane 3 3 2 2 2
n-hexadecane 2 3 3 3 3 n-hexadecane 2 3 3 3 3 n-hexadecane 2 3 3 3 2
n-decane 2 2 2 2 2 n-decane 2 2 2 2 2 n-decane 2 2 2 2 2
n-dodecane 2 2 2 2 2 n-dodecane 3 2 2 2 2 n-dodecane 3 2 2 2 2
A/S=1.0 _ A/S=1.0 _ _ A/S=1.0 _ _
n-tetradecane 2 3 2 n-tetradecane 3 2 2 n-tetradecane 3 2 2
n-hexadecane 2 3 3 n-hexadecane 3 3 3 n-hexadecane 3 3 9
2: Lower phase or oil-in-water (O/W) microemulsion in equilibrium with excess oil phase.
3: Middle phase microemulsion in equilibrium with excess oil phase and excess water phase.
2: Upper phase or water-in-oil (W/O) microemulsion in equilibrium with excess water phase.
25 Z7oA AP AR vIFA P FiFel AdEglo] lower 740 dol& A T2 lower phase S+ O/W uE®] excess 2
phase pE -2 O/W pE©] excess 2.Y¥} HE-S o]F= 241o] £ U HPE o] F= 24 Y9 O ZHE] middle-phase pE©| excess
SH= 218 & ¢ Uk ol B AHS) L TANA NPT HlolE  water, excess 2047 77t BHL o]RE 34 1S AAH upper
ARLGAZE Bl A JpAdE ol QlojA] o] AEd A7t phase 2 W/O pE©| excess 5737 HE-E o]F= 20| EAl8HE
= o)

G AdellA] mlolAdle] Fe|R EAsh, H5A 2] A= wt
o]l el 7Hg-3telo] mlolFmAHA A& FAsHH, nlo]de] 7hg-st
85E 2k U] 7o) 5] UL excess QYT OE EA
317] witolth & Ag-9] #4JAR] middle-phase PE®] excess &7,
excess LU 247t PHE o] F= 34 doo] FAHY] A=
A A A AEo] Wk &40 7P =S sfofof gt o] F 9
ME ZEE F7AA BlolR AREAA AAEe ATE ST
AZIAY &2773E W ARE dol7t 71 4388 HEARMSAAE 3
7FhE 3 So] Q1o olE Fol AHEgA] AlAHeA Yk
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[4,5,7-10]. wEbA] 3/322] AREAA AlAElo] &274S wo] WO
UEE AT A= 215430 REAREAAE Hrtste] B3 2Yo]
27y 5915 e &0 2 EA3k= bicontinuous middle-phase
IJE—” Agﬁzsl— 9}01:1 2710" o'W pEé /Kg/K‘]U]— A= _]_T/H o]
READEAIAE H718ko] bicontinuous pEE AT 4= QlTh
Table 10 QoFst Aujox & 4= gl%o] FerES NP7 H|o|
AHGAA, &, HISA '@3rh 2Ul 3R o] Fofxl AlA
Eﬂoﬂ HEAUGSIAZ A7t 35, SZe/AE/3#19] vl& A/S
7M1l whel lower phase 22 O/W pE©] excess 2443} 34
3&2 o]F= 24k 49(2) S ZHE middle-phase PE®] excess water,
excess 24T} 247 HEYH S o] F= 34 YA4(3)S 71A upper phase
Z-2 W/O pE®] excess BT} HE& o] F 240] EAIsH 9(2)
Oi o)zt dolwtth olE 59, 40 € &5 oA HxhE
o7 AR A9 AS=049] ZATAE 20] EAlEHE, A/S=0.6
T 0.89 M= 34 dYo] EAIeH, A/S=1.0d T IA=
20] EAEATE ©] @ﬂril"i—ﬂ ks AHEGA A28 2
= oﬂ"]ﬂb HEARSIARE 28ehs & 7 Utk =3t 2%
7t B2 'Elra 999 Ak o] el wet 2 027 34 Y
S 714 207 Holsh=t] A3t Eiﬁ]“d%“élﬂ ek 7o)
Tads & F A ole 25 37 58 Bilra 299 A
Ao] zhae] whef vjo]& AHL/IA 2 d:-’F"éo] 7Vl wiEol
Table 18] AZZHE S@&Y Uzh&S REAUEIAZ 72t
Aeol® FekES AR A9 wds S VERIlE

=

| 5
Al A 28] Agdo] %7}?;%}& & Ut S, A% 259 £
ehala 9o tiste] 207 RE 34 J9E A 208 ol
o] a3 BEAHAEAA ] }%Lfi— AREZHE Sebg, vzh&e]
FOE S o 7 et ole el AR dolE SRl
ut REAADGA7 By &7 e H7HRIE 28] wEoelth
= “—Cﬂoﬂfﬂ A7yt Aeks, Seg, ke 59 Eiﬁ]‘ﬂ%“*ﬂ

AFEAAA A AHel] AHor Zgsh, 25~60 Co &

17401]/‘1 middle-phase uEE X3S 34 A19S A5 —rIOHH“

A549) WAARBEA 7P BEARS AT 5 gk

32. EX AS

Table 10| Qoksto] Uebd 488 A3 Ads vlg oz nlo|&

ARG A &3 vISA 2 Alele] dojue 52 AEE vid-
eomicroscopy & ©|-8-3t0 #ASISIT) Table 10 Qs NP H]o|&
ARSAGA, & ©@35rh 2Y, BRAAIEA L] 44958 A]2~E0]
lower phase pE £-2 O/W pE®] excess 301%1} HEYS o] R 24)o)
A= 2 A E HFE 2de F aglol 24 drop
A A nfo] A Aol 74-g-3}x]of /\]Zlol Agel] whet 2717 A
3= 54 AsS ¥ET 4 9llh Wbl upper-phase pE S
W/O pE®] excess 247 B3-S o]FE= 2 27loaE SUA Yol <]
=9] A2 F-3K(spontaneous emulsification)?} 2.4 dropd] Z717}
Azl Wt F7keke dido] #AE QT )= lower phase pE 3
O/W pE®] excess 2443 HEE o] F& 240] &gk 2 249
AE o] 89 el EAlsks Al A wlo] e o)ste] 7H-
slxjo] Alztef] whet @ drope] 717} FAshs Whdel Al g g A

3.0

v
@ at25C
] O at40T
&9 v ¥ até0T
2.0 v
v
o v
o 1.5 4 v
~ I v
(] v

0 10 20 30 40 50 60
Time(min)

Figure 1. Measurement of oil drop size with time when a single drop

of n-decane oil was injected into 1 wt% NP7 surfactant solution at

three different temperatures where n-pentanol to surfactant ratio was
0.6 by weight.

AJ2EIO] A4S WL gl 2 2o AMSAIAT) 2UdN U=
aketA e, o] FAk A FHbetE R Qlste] 244 vl
18] 2t F87t dojuAl k. -3 bicontinuous middle-phase

RE©] excess water, excess LU ZH7t FYE o] F= 34 el

Mz 2ol g Al wE £g 7HgEE ], edo] AL drop

FEE F3lEs @] #EE 3=l ©l= middle-phase pEE E3

S 34 @A 2elxe AAEAA] AR FeA 9 o] F

S o] Fo] wel YukE o ® 10°~10" dyne/em FE9] Wl vk A
XJ o] EAste] Yo middle-phase pE°l WHE £5 2 718-3} 5
o7 LE%X% o]q_[:; 21].

F\r rH ot

1 wi% NP7 AEZAA F=godof] HErS-S REAHASAZA
A/S=0.6 THF H7FeE & dIzk 29 drope 8 ol F)5te]
=A A% AR /\6140]-0&1:]-‘ Azl Wt 248 94 drop 7=

FE 2d A DE 7] 249 A DE UiE #2l (D/Dy)E ¥4
3107 Figure 10 YERYRITE Table 13} Figure 12] Adof|A & &= 9]
0], lower-phase HE©] excess 2 U7} HHS o]F= 2409 2 4
o sldsh= 25 ColAE 2 drop? =717} AlZtel whah 7haa}m,
middle-phase pE©] excess LU U excess 4% HEHE o|F+=
34 84 200 Algahs 40 ColAs 99 dropol ok 17 min el
2FA3] AAE ) HhH o) upper-phase 22 W/O pE©] excess =37}
HFHE ol 249 2 e dgshs 60 Tl Algtel] w2
drop®] 717} FASHAl S7Fskith

40 T &% z71A Hzﬁl‘ﬂ% A Aeke A7FEE WEkAlY]
A Alzke] whet Bzt 2] 715 5743 AoE Figure 20 LEL
wiglom, Aol & 4 Q150 Figure 13} A3 43S HebdS
o 4= QUEk. =, Table 17} Figure 20] A2 HE A/S=0.09] 2 113}

(D
[\

A/S:I.O-J 2 iﬁoﬂfﬂ% A A 9} B2 U0 R0 Fatel 2
ste 24 dropl] 717} F7Fskeith

25 Colld HEAAE A AHES A/S=0.6TF 1 wi% NP7 Al
GAA LMol H1et F Hzk 2 drop S AAEAA & Ao
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Figure 2. Measurement of oil drop size with time when a single drop
of n-decane oil was injected into 1 wt% NP7 surfactant solution at
40 C with three different weight ratios of n-pentanol to surfactant.
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N
o
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Time(min)
Figure 3. Measurement of oil drop size with time when a single drop

of n-decane oil was injected into 1 wt% NP7 surfactant solution at
25 C where n-pentanol to surfactant ratio was 0.6 by weight.

F8l 718 573 28 A= Figure 300 UERAIEL Aol
B olko] "izk 2] 7Hg3t £=E vEhlE ARkl uE 2.9
7] W3} (-dD/dt= 292 27] 719 Adkgle] A IRt
gt FUS oA AEEAA FERES 1, 2, 3 wi%E 27 Wst
AZIEA 2 715 7% AF ARE Figure 40 YERIS{CE A=)
oA & QRo] 7 AWMEIA FEolA LY drops> AFA R
743, Figure 48] 7127128 78 1, 2, 3 wi%ollx ] 7+g-38 £
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Figure 4. Effect of surfactant concentration on oil drop size when a

single drop of n-decane was injected into NP7 surfactant solution at
25 C where n-pentanol to surfactant ratio was 0.6 by weight.
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Figure 5. Measurement of solubilitization rate (-dD/dt) with surfactant
concentration when a single drop of n-decane oil was injected into 1
wt% NP7 surfactant solution at 25 C where n-pentanol to surfactant
ratio was 0.6 by weight.
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Figure 6. Dynamic interfacial measurement between 1 wt% NP7

surfactant solution and n-decane oil at three different temperatures
where n-pentanol to surfactant ratio was 0.6 by weight.
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Figure 7. Effect of weight ratio of n-pentanol to NP7 surfactant on
dynamic interfacial tension between 1 wt% surfactant solution and
n-decane oil at 40 T.
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