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Solubilization of Hydrocarbon Oils by C,,Eg Nonionic Surfactant Solution
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Hlo] & AAEIAl Cp,Eg 89 B3l @YU tht 71831 % (equilibrium solubilization capacity)s 30°CllA]
714 ELEEU]-EJEH?JJ(GC & o]&slo] SA3ISlt. ©slra 290 THEsleE Ajdel AR S ATHEAA] FER
U 3E0 2 3A]SE molar solubilization ratioMSR)= 573F T AJ-0] &8lrA 2 3¢ ©hsla 29] g4
TFACNYL 57l whe} 712] Aoz adhs & 4 ATk ek g3lrd 2 Yo] o] i AR ARE-sh -+
©elra ©99] A (alkane carbon number, ACN) Zfolof w2} M7 7183} F-2- n|de)z] 7183} akg viet
ik & AATtof|A] 7183k A13]S- 42383} n-octane/n-nonane¥} n-nonane/n-decane =3HE AJAEIS] 739-) H]AENZ]
(non-selective) 713} HdkS- 45}141%\42‘31, HhA]| n-octane/n-decane E5HE AJAEIS] 790l M E1A (selective) 7}
|3 As WEs 31E GC A AENE ER1% 5 it

Abstract — The equilibrium solubilization capacity of pure hydrocarbon oils by 2.5 wt% C,,Eg nonionic surfactant
solution was measured at 30 °C by gas chromatography (GC) analysis. Experimental results indicated that the molar sol-
ubilization ratio (MSR) for pure alkanes was found to decrease almost linearly with the alkane carbon number (ACN) of
the hydrocarbon oil. For the binary mixture systems of the hydrocarbon oils both selective and nonselective solubiliza-
tion behaviors were observed depending on the difference in carbon number of the two hydrocarbon oils. Equilibrium
solubilization tests for the two n-octane/n-nonane and n-nonane/n-decane mixture systems in C,,Eq surfactant solutions
suggest slightly selective solubilization in favor of n-octane, but the small difference in solubilization rates between two
hydrocarbon oils does not allow ruling out non-selective solubilization for these particular systems. This is certainly not
the case for the n-octane/n-decane mixture, for which selective solubilization was conclusively demonstrated by GC
analysis data.
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A FHE Aok FARIE, HAA|, sdsE, AEEE, 25,
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AHZ YA mlo]d s=-g-Hof| of gt 7183} Aol T = W
gl WaEglo, 7HE5He] 25984 (kinetics) 7, AW
A0 - gleta] 549 7w, 7Hskd $49 st A
AR, 2774) Fol =84 =49 7183l mixl= 9, A
HEAd A vlo] Al =8 MO 7183} T (equilibrium  solubilization
capacity)ell &3t Zlo] tiFEo] AT 11-28]. 53] AHE A wlo]
Al 4=8-o19] 712-3}% (equilibrium solubilization capacity)oll #3}|4]
T B Ao FRE o 9l AR B8 S4e oist
7RSS A7} oitoln], E84 A1) E3kE AlAEle] thgt
mixed solubilization 7= ol 3% =] Gkt W3k 3 of
o] EokE AlAglel] tiEk 7RE3tE AT Fol A& Al
9} ol AUGAA Y B2 o] AAZIA AAEE FHOE
A7t ZBE 0 [13, 29], Hlol& AHEZIA Al2E el gt 7}
S31% SHE commercial type?] A A] =8tslo] A7)
X2 SITH28].

whhA] 2 Aol = 714 AEvRE 7123 (gas chromatography,
GC)E ARg8te] nlole AagdA) wlo]de] &gt vislra 29l
o] 7HEEE SASISIch A1 @l i) esla 2] o)
§F Mgk AdE Ao ey welra 29 Bk (alkane
carbon number, ACN) H3}of| wh2 71831 W3S SIS &
Sk el Aol it 7HE-she AFANE vido R gk 09
o] ot ERHE AlAEel] A83lo] 7 eslrAe] ' Ajolo)
ol 7HgShE AEAE A ESkE
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2-1. &8 M=

7H8-3} el M= U Nikko ChemicalollA] 13t =12 99%
olde] =5 Hlo] AHEIA octaethyleneglycol mono n-dodecyl
ether(C,,H,sO(CH,CH,0)sH, C,,E)E ARE3I3ATt, 25 °CollA]
Z2] (surface tension) S o]ste] A S C B AlHE AL <
Al mjo] 4 55 (critical micelle concentration, CMC)t= 7.2x10"° mol/L
o] CMCelA] 2] U2 34.5 dyne/emO] ST}, HA 7 EE
Agef okl 4 1 wi% Cp,Eg T34°] 2% (cloud point)
77 °Co] itk

9714315 %1= n-octane, n-nonane, n-decane 52 <=5 99% ©]
o] vhslrAh 2 U-S Sigma-AldrichZ 5 -3t HuE A
I Qlo] IR ARgRI o, AR AxE f1F B2 ok ud
AR SRE ARE 33F SRTE ARSI

2-2. A HiH

Hlo] & AHEAIA] C By &) 'hsla e sk 748-3}
= (equilibrium solubilization capacity)s 7|3 FZvFE 723 (gas
chromatography, GC)E ©]-83t0] 7433t} C\,Eg AldEd A<
CMCR! 7.2x107° mol/L Rt} 352 ¥ 7 slEsh= 2.5 wi%
2 AWEA w25 AT AdEeA, 0.1 °C7FA] &% o]
7Fedt a2 ko] 2EE 30°CE FXsh 71E3) AES 3
sk3ict.

3l5kast H453 HI3E 20074 6%

=
T

A A &l SJalx 7hgshe el 54 vt 2
& el ool Tt 33F SRTE ARgSto] Al A
FENE A F TR Aol sAIAT sl A
A 8- 10 gol] B3krFAa 2942 0.5 g W78 AR vortex
mixer oA oF 13 5F wHksE & 30°C] =2 Qtel R 5
QI test tube rotatorol A 19 591 3| HA7|HA A 57} HFAAto] =
TE E3I9ith. #dde Alge wko] gl Z2HelM 30°C9]
T2l Qe 2 A AFEIA 89 do] MR FF| B
SIS wWi7kA] g § pEd S AELS & ANDIA &
Gol/metE H3] nlgo] 1/400] HE= 3AA|A FID(flame
jonization detector)”} 7H]% GC(Hewlett-Packard 5890)E- A-8-5}0]
ulolAle] o]ale] 7481 wElra 290 FEE SEITH2S].
GC #2olli= capillary Z- AT™-55 AllTech® Z5-E] 5}
ARESI O SRR @B, HEV] 255 200 °C, 250°C, 275 °CE
Z}z} 279381990} Carrier gasZi= AA(AX 100 m*/min)yS ARE-311 1L
injection A|E. F-I|= 15 uLE ARSISITE AAEAIA] =807 @
&l o] Hof] Tl 212 dynamic light scattering(Brookhaven,
BI-9000AT/200SM) “&=|5 o]-g-slo] ERIsI51 o, Fel =ds
< el oF 108 J57F 2=t AR IA nfo]Ade| 71H&-
sl 'Eslra 2 YU9] o> GCE ARgsle] Sk flolld st
ol galle @9lo] o5 nAst] AAsiglon, A @ &
kA 2o AEd ARGsE AAEIA S| FEE UsE molar
solubilization ratioMSR) #tO.& HAJEFITE MSR-2 wlolAle] 7}
3be 97HgskEe] AL TS wiol el EAfisks A A Al
WA} AR R gheZA AAEIA Sl CMC B} 58 % X
HelM= 789 Aol EASH AUEAIA A A7 EA8E
T o)Al Aol EAISHE AHE/IA A ANG=2t vlasted g
zkom® FASE = 9l

Molar solubilization ratio
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Alkane chain length (ACN)
Fig. 1. Effect of alkane chain length (ACN) of hydrocarbon oil on molar

solubilization ratio (MSR) in 2.5 wt% C,,E4 nonionic surfac-
tant solution at 30 °C.
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sto] Asiion, AE S wslra 2.do] gl A3 Al
WA Q] FEFE Uie MSR #EO& ¥AISR] YRSt ©dAd
o] gl @ M3k Fig. 1914 & & Qo] ©dlkea
29¢] ’AFACNe] 715t wht Fhashs 2le o 5 Qlth o]
£ B3lrA 2d9] 71831 vlo]Ae] packingol o)t &S
w8 el A0 2, BElra 299 Ak o)zt Z7)stel u}
g} wpo] Al HgkAo] HF XS penetrationd}o] core Farol| 7HE-
sle]= Aol oJ# e Ae & 5 Qo
Aol a1 BRfe FRE o]Foixl yrgsEe] VHesE
ZIAF17] QsliM= AR A] dFo] Bk | 7A2 0= wid
Ho] 91, = ke packing densitys ZHEE 3= Zlo] FQ3lth
3 A QJuHe-8, 17, 29]. o]&3t o R ZH5 2= a3l
2 o] Folxl AL AIE AFEEFLH6-8, 17], Y&} 22> B
ZAA LA Al (cosurfactant)E AHE-3Fe] ARG A H A 2
packingS Rt} flexiblestAl & 7-9-[29], ¥4l AL H343E
Z2 ool H71gsEe] AUEIA gl digt 7183517}
S7hEE Row gt

oE B9, HA-C 2 tA 0 Foll ZghEo] Q= EARo|
A3 B33 72E 23 Qv FIFEES A HLB
(hydrophilie-lipophilie balance) numberS- Zt= 1]o]& AW ZAIA|
= ARg3l] 7183} A1 A9, Tergitol Al AR EAIA|7} Neodol
Ao ARE A2 vlwste] Huk o] a3ql Zow geixith
[6-8]. Neodol A1 2] AAEIAI= A8 chain®] 12k ¢3723} EO
ko] S Hk-Sof oJste] AAHE 13} &L ethoxylateQ! Aol HE
3] Tergitol A142] A/ A= 221 LTS3 ethylene oxide}
9] F3 Whgel gJste] YA H, olF AMES 7H 23k 4EE
ethoxylate® |}, WEFA] Tergitol AlE AlHEIAl= vlo] A 4 A,
257] BElrA BAE Ato]] WP 0= QlEto] Neodol AlE
A dA o} nlmste] @ Fx1E Fejo] vlo] A packingS 7H

ofN

Ao R oAst 4= 91O, Neodol AL 2] A& A} v] w5}
2 wjol Al packing densityE 2= Tergitol A4 2] AlAL A7}
Bl Fapgo] A1 sk Bap F2E 2k Gl ARtEES
nlo] Al Q] palisade layert} core <ol 7FE-3lA7]+= d] £ol3}A
3k Ao g ARt} o] 3t njo] 4] packing density”} 713}l
X gkl B S0l AAZAIA AAges Xl vb
Uk ol AagAd Aol 1 H7keha A d AL 272
head group Ato12] 7] wbeS 7haA]A wlo]Ale] packing
densityt™= #2shAl ™, whgh CMCi= 45 37, aggregation
number’} 5715 0] 7181 SRS Z1O0E HAEQIUH30]. B
st AAE/ Ao REAALIAE M7 7ol = mfo] A2
packing density= flexibled}7l] 024 7183155 S7MA7]= A
o% JdeFch

Fig. 104 st Aagd Aol tiste] @ o] eslri @
ds ArHgsER ARSI A9, MSR BHela QY9 BhA
(ACNY7} Z7Fedoll e} 7o) AyA oz 7pashs & 5 St o]
3t Ay U njo] AHE/IA el diste] @ Adte] ws)

d

R Zlot}, s At Alag Al st vl Ad2e] Bslra @
d 7He3) A3S 7S] ACNS HSIAI7|AA 3t Ay,
7183} 5= 7RE3lE e} ¥)718-3HE-2] molar volumeol ZHZ} B
dleh= 20w WRE T 14-16]. B3 7183} 19} 7R85 AL
olef| FHHE Bl 5= kinetic factorZA] F=017 A2 Elef| o]}
o] AA ety Avgsisict

Al F570) ghelra 2 o]t &3 Al2~El(n-octane/n-nonane,
n-octane/n-decane, n-nonane/n-decane)ll thslo] GCE ARg-3o] 7}
I8 FgsI o, 543 A9E dAdEe] e vixvh
A& gelra 2o A3l AR AMEAAY] FEE Ve
MSR %k = 3EAIS1O] Tables 1-31 212+ UFERASITE. Table 191 1

Table 1. Molar solubilization ratio for n-octane and n-nonane system at 30 °C

Mole fraction of n-octane in the initial oil mixture n-octane (M) n-nonane (M) Mole fraction of n-octane in the micelle MSR

0 - 2.9402x1072 0 0.6327

0.25 7.8993x1073 2.2898x1072 0.2565 0.6628

0.5 1.6874x1072 1.5643%107 0.5189 0.6998

0.75 2.5811x1072 8.5264x1073 0.7517 0.7389

1 3.5743x107 - 1 0.7692

Table 2. Molar solubilization ratio for n-octane and n-decane system at 30

Mole fraction of n-octane in the initial oil mixture n-octane (M) n-decane (M) Mole fraction of n-octane in the micelle MSR

0 - 2.6850x107 0 0.5778

025 7.3402x1073 2.0628x107 0.2625 0.6019

0.5 1.6860x107 1.3732x10 0.5501 0.6584

0.75 2.5203x107 6.5115x1073 0.7947 0.6825

1 3.5743x107 - 1 0.7692

Table 3. Molar solubilization ratio for n-nonane and n-decane system at 30 °C

Mole fraction of n-nonane in the initial oil mixture n-nonane (M) n-decane (M) Mole fraction of n-nonane in the micelle MSR
0 - 2.6850x107 0 0.5778
0.25 7.0585x1073 2.0373x107 0.2573 0.5903
0.5 1.4315%102 1.3761x107 0.5099 0.6042
0.75 2.1418x107 7.0584x1073 0.7521 0.6128
1 2.9402x107 - 1 0.6327
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Fig. 2. Molar solubilization ratio (MSR) as a function of mole fraction of
n-octane in the initial oil mixture of n-octane and n-nonane at
30 °C.

ERdl n-octane/n-nonane ¢33 &3+ A|AEI9] 71E3lE AE AL
431 2 A9l %7] n-octane Z/d0] U= MSR 32 Fig. 20|
RS Fig. 20014 & 4= Q15%0] 2 2] %7] n-octane
o] Z7Istell wet sk MSR 7> vldlsle] 71 & = 9l
o} o] vl Ao B34 2o ik 7R3t AE Avlg
FE & 4 ool ACNO] &5 Bl @YU THEsl e
7kt webA] 3 2 Al2EleA] ACNo] 2= 29e] 4]
o] T el metr] 2 E3Ee] 7ML= vlHEle] SUIeRE
Zog A 4 Qlrt,

AFRF| A AFEA50] GCE ARSI 2.5 wiv% C,Eq HIO]
2 AdgAd A 2] o)Al Abof] 7FE-3}E n-octane?} n-nonane2] 7}
SIS W7 SAT 5 qlon, 7k ks ARgslo] mlold A
of| 718k A2l 2AS Alklet AE Fig. 30 VERIICE Fig. 3
of el 27] 2% E35HE 4] n-octane 3 Wid}o] upE o]l
9] n-octane 2/ A3 HE & 5 Q15zo] wlol A 4Fe] n-octane
232 271 LY 73olX9] n-octane 2737 712] &3] ARt

Uk o R ¥k ACNO| ThE ®hslrd 0 E9EC] B,

0.75

0.5 1

Mole fraction of n-octane in the micelle

0 0.25 05 075 1
Initial mole fraction of n-octane in the oil phase

Fig. 3. Composition in the micellar phase as a function of mole frac-
tion of n-octane in the initial oil mixture of n-octane and n-
nonane at 30 °C.
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ACNO] A& &3ld e o] wlo]dl A2 dF A 9E&
penetrationd}©] core el 7HE-8lE]= Zlo] ol E A 0%
ujo] Al Aof] 718317} Lofili= AeZ] 7183 (selective solubilization)
7h o Al om odet = itk wheba] mlo]Adl Atoflx o] ACNO]
2k ghelra @] AL 2] 0 A Al vlgte] 57t
31, o]eldt njo] Al Aol A 2] ACNo] 2R Bksla @ Aol A4
9] ZT1ES 7] 9 AFe] ACNo| ZHE Bkalri 999 xAjo)
7V E A AoF gt 4 Qi

o]t o= 2] Fig. 39 LERA n-octane/n-nonane®| ©]73
B 3 AlAEL] A9 Hlo] AMAEMIA Cp,Eell tidt n-octaner}
n-nonane®| Z}7}2] 7431 AR I3RS W] 9kl 2 Adef|A] <]
Zb @9le] o] nllste] wio]d Aol 7831+ 3o, ACNO]
A2 noctane©| 7412 0% wlo] Al Aol 7Hg-3tE = AEA] 7183}
7} Loful= Alo] of2} v el s 718-3H(non-selective solubilization)
7h dofuh= A& & Qlok o]2gh nldEA] 7RESh= o] AuE
A AR Sl vk It o2 5o, cetyl trimethylammonium
bromide®} sodium dodecyl sulfate®} 72 0] AHEAI#)| 2] njo]
Alof| 2]5 n-heptane/n-hexane 3 A|2812] 718-3}[32]¢} sodium
dioxycholate m}o] el €3t benzene/cyclohexane &35 A|2AEC]
71831311 58 A7 A LEZ v 9lo, niAE 718
she S/ BSHEES) S 727} o R oV dealty)
S VRl EFAIE ARt AlgkE] o] dojui= Ao R v
=3
Hlo]& A& d#)] vlo]Aef ©]8t n-octane/n-decane -3+ A|2~E]
o] 7HE3He 54 A9 IS Table 20 20kt LpEROH, o]
A2 HE] 2 Akl 27] n-octane ZJf T MSR %= Fig. 4
ol YERSItE. Fig. 29 YR n-octane/n-nonane &3+ A]A~E 9]
A3 Avs} rRPIAE @Y 48] 27] n-octane 20 Tl
ukz} 7% MSR gk S7F8HAIE Fig. 29] Avteh= gl A3
o7 nlglato] STV s 21 o 5 Utk Table 20 VR
ulo]d Aol 71831 n-octane?} n-decane®] 7HE-3HE SAZES AL
g3to] wlold Aol 7HEslke el 2SS ARk A3E Fig. 5
of VFERISITE. Fig. 5ol b 7] 2 E3HE %] n-octane 3
A W3lof| uhE nlo] Al A n-octane A AEHE] & 5 Q%
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Fig. 4. Molar solubilization ratio (MSR) as a function of mole fraction
of n-octane in the initial oil mixture of n-octane and n-decane
at 30 °C.
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Fig. 5. Composition in the micellar phase as a function of mole frac-
tion of n-octane in the initial oil mixture of n-octane and n-
decane at 30 °C.

o] wo] Al 9] n-octane A2 7] 24 AollA9] n-octane 4
o vlsto] Z7A5H= A% o & Qiek. o= Fig. 3°] Lebul )]
A 7183} 43S B! n-octane/n-nonane A]~El¥} E n-octane/
n-decane &3 AR A EA 7R85} e VR Z1E o]
sttt =, n-octane/n-decane <=4 ACNo| 2h& n—octaneO] w}
oAl gkA|e] HBE X9 penetrationd] core Fr-ol] 713}
= Jo] Bolahue 40z vlol 4 Aol 48} Slofui
b4 mjo] Al Aof|A 2] n-octane®] AL 7] 2 4] n-octane
z7del vlsto] Skl Hvt. AeA 74e-s) Ade wrheslas
2] BloldAd (nonideality)el] 71FH= 2124 T £33+ A|2Elo|
A B vk Qle[13-17, 31, 32].

GCE AHg3to] nlo] AE Aol tigt n-nonane/n-decane Al
"o 71831 =5 =43 A1= Table 301 VFERNSITE. Table 39
UERH n-nonane/n-decane ©1/d<t E3 A|AEIS] 71835 AdE
AFgEe] 2 A9 %7] n-nonane ZAdol e 73S MSR

#row 3EAlste] Fig. 60l WFERARITE. Fig. 6014 & F° al0] &

= T MX
% e] 7] n-nonane Z/30] F715tel e} 545 MSR 74 H
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2
s
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Fig. 6. Molar solubilization ratio (MSR) as a function of mole frac-
tion of n-nonane in the initial oil mixture of n-nonane and n-
decane at 30 °C.
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Fig. 7. Composition in the micellar phase as a function of mole frac-
tion of n-nonane in the initial oil mixture of n-nonane and n-
decane at 30 °C.

Eﬂo]‘oq 7Kk o 7 Qdvk B3 Fig. 70 UERA 27] 99 &5t

5 4] n-nonane A WAZ}o] u}E mjo) Al AF2] n-nonane A A
HEHE o o] mlolAl 2] n-nonane 4> 27] @Y
oX1] n-nonane 2’3} 719 A 8ts] LISt o g A2
n-octane/n-nonane A|~E19] 73¢9} TA3t AekS LR Zlo g
A, EFE AlRlolx 8] 7 R RSl e AR P ‘:'LX]

il 7] el nielste] vlo]All Al 47} 7Hg-shE T, 2
FES T A2 pseudo-component® 7Y 5= AlS-S 9,]13]2:?_}

L QAtellA] o g whskrA o E3E A|AES] TREsle
A3E S8k A} whslkea 30]4 €k ACN #0171 121 n-octane/
n-nonane¥} n-nonane/n-decane & 3-& A|AEIS- T H]AMENZ 7}
23} A4S HERH, o]ol Hske] ACN 2Fo]7}F 221 n-octane/n-
decane &35 AIAEIS] Aoz AKE Aol7t AR n-octane©] ¢
AR 07 o)Al Aol 71Hg-slE = e 7he-sl AEE UEhle
Z& GC A& Bdlo] & = Ut

1

Rl

4.4 £

30°Ce] &% F7elA vlol AMEIA C\,Eg &l 2gt
kA 2.919] 718-3}% (equilibrium solubilization capacity)s 7|
A AwebE 7 9(GO)E ol§-3dto] FA et 1 A4S molar
solubilization ratio(MSR)Z WFERJITE T Ad7-9] glsldh o
& ITHESER AR B4, MSRS ©EleA 20 /A
(ACNY7} S7Fgte] whet Ae] MEgxom 743k oF &= USITh
ofi= ©skra Y] 7HEskEE vho] e packingol oJsl] YT
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