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B A oM = HEAAEAIA A7} n-octane, n-decane, n-dodecane 52 BH3lA @ Q9] 7Hg-3leof n|X|&= Gk
o] Tato] ATt whslrAio] 713l S REAUIMIAR H7E 4380 ARE ool Hrio] Srek
we} SRk e, 53] Al o7k vlwd 11 43S HUkehe A, 'elra 240 7HeE £t aA S
SIQITE. o] 1-butanol?} o] F AKES 7H 84 dFES 371 Aol HUbs Uil d3ge] 58
gel] Al gelrar e.Uo 7Mgste] F JES T4 Kk WhAol, 1-hexanolo]H 1-octanol@} o] B2 ARE
o7} 71 4FE5 RIAUGIAZ 71st Aol H7Fst oo dFgo] nfo]d Ao fx]ste] mjo]als 1.
t} flexible$t packingS: ZH7] o=, 71E31E golshA| st A o= A7bHct. 7183t S A3 APR= spinning drop
tensiometers ARE-SIO] ©alA 9 AT AHEVIA 8- Alo]] T4 AAES S5 Avkel sU AES o
ERIQITE. &, A7FsE 4389 e dol7t S7KsE oA 9 AldE 3k AAeb, BEst A glo] 3
Hol| == AR 7Rt

Abstract — In this study, effect of cosurfactant on the solubilization rate of n-octane, n-decane and n-dodecane oil was
performed by micellar solutions of polymeric nonionic surfactant Pluronic L64(EO,3PO;,EO,;) at room temperature. It
has been found that the solubilization rate of a hydrocarbon oil was enhanced with an increase in both chain length and
amount of alcohol added. In case of addition of a short chain alcohol such as 1-butanol, the solubilization rate of a
hydrocarbon oil was slightly increased since most of alcohol molecules remained in an aqueous surfactant solution. On
the other hand, the addition of a relatively long chain alcohol such as 1-hexanol and 1-octanol produced a big increase in
solubilization rate of a hydrocarbon oil mainly due to incorporation of alcohol molecules into micelles and thus produc-
ing more flexible micellar packing density. Dynamic interfacial tension measurements showed the same trend found in
solubilization rate measurement. Both interfacial tension value at equilibrium and time required to reach equilibrium
decreased with an increase in chain length of an alcohol.
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o5k 0 2 QP st Abe 2 A AHEIA N {35le] T3 el R
A7k 4= QI 14]. =, 7He-8} @2 A rlo] Al -5 (critical micelle
concentration, CMC) ©1/2] 5% W 9]ollA AlHE A Al =2]
3|gto 2 Qs AP vlo] Al (micelle)l] 28l Eofl B-84991 &2
Q1 97188} (solubilizate)o] AP O 2 o] F3to] GoehA o7 <t
At AJElE B dshs ddolka g 4= Qi o] st A E/IA v
oj el ot 71asl A A RIS Aok, s, TIRIE, Bk,
HEA, A, A2, 2135, enhanced oil recovery(EOR) 5] ¥



220 iy - s -

A AR = -2 ik o2, A3)s) Fok] enzyme action, 7]
38} 2ok micellar catalysis, 12318} 20F] chelate complex 7}
&3} 5 =7 FoklME 1 -3-8A40] AL §lom, o]9]e]
THE B2 AT Hokr & 3840 El= 1 glvh2-8].

< AAEIA g-Hel] 23t T Adwe] 7Heshe AlHE A
FEN Ao 971g-51Ee] AAEAA] wio|dla) f=g-ole] AE oz
gt = BHo] A 285 A A = rate-determining step?!
diffusion-controlled WA UZ7} 2 A7} AAE A 5=8-< 2] Aol
nfo]Alo] &2k Hi= @2ty = O] rate-determining step?!
interface-controlled A U5l ¥t 2714] Bello] AA|E] S oH 7}
23} MAYSTS 71838} 4 (solubilization rate)2t 7] drop 271,
ARDA FE2 TAE BT =N FRIg = QIr}2,3,9-12].
o & 1, AHEIA| vlo] e o]gt 718317} interface-controlled
HAUSTE W25 739, 73 F55 %7 drop 2171l #AI310]
Agap, AHDA 5ol A2 o= nlEsh= Ao wieto] 7}
4317} diffusion-controlled WAUES W2+ 739, 7H3 S5+
%719 2 drop Z7]°| WH]SHA Fo] 71835} &5a= Al7tel] wh
2} X|5=4 © Z (exponentially) 71531, 7] AAEAGA F=2] Al
ot BlEgeh2,3,10,11].

7}g-3k=0] ARG A rto]d Yol 71E-8lE= ¢RI 7183
Al(solubilizer)?] A|AE A} 917183} B4 9] EAZ, 742
WA ol Q3] AR, ojefgt 7REs) S5 gl A <]
7Rl IS vA= QaRE ST o), BV
gl $1%], o] A}, M WA 53 22 A A Q] slst
A Tz, A7HE B i, B, 25, A7HRY] A5 9
pH, A3 F5, vlo] A9 packing density 5= 5 5 1TH2,3,9-25].
713 & gl oA 9] 7Hgskne nlolAl JgkA o] 7]akeHA
% (geometrical structure)°l] st FA| H9EH, Ank¥oZ &
A1 74835 fJeliMe AUD/IA A £o= 97HE-skEo]
AE8) Sol7k7)el §ol3t packing Z2HE% sH= Zlo] FQsktha
urelA Qlvh[2,3,21-23]. BE5F o3k Qo ® S 2k dsle
i ool ARG E ARSI UH21-23] et S Bt
A& Al (cosurfactant) S 7181 vlo] A2 packing densitys 5=
Ask= EC1(21-23,26] GefA] QUrk whEbA] 2 Aol = gAle]
A1 0 7 wo] AREE 11 Q1= 1EA} Hlo] A4 A Pluronic
Lodell oJgh eslra 098] 7185} £ito]] vl X HAAHE A<
Gkl #ate] A HYTE ©]F 215197 oil drop contacting 28-S
o] g3to] Azl wE 24 dropd] F7)E S0 =M T1E3) &
S5 Agslon, M3t SR8 T4 AWy 254l vw
sto H7ket HaAAE dAe] J3kS olsetaat sksict.

2.4 o

2-1. A M=

AT E 73 AES Hstel 59 BASF ChemicalollA]
5o Al Hlo] AAE/IA| Pluronic L64(EO,5PO4E0,)E
£33 A2 Qo] 1thE AME-EITE Pluronic L642] HLB
(hydrophilie-lipophilie balance) numberi= 15~18°]™, L64°IA] L&
ol AA| (liquid) “FENE Slmlghct. st 640ll4] k2] S22} 62
hydrophobe(C3H,O, propyleneoxide(PO))2] A0 24 6x300=1800
£ ovlsta, SxtE] Ak 45 WA 225 FolA hydrophilie

=
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(C,H,0, ethyleneoxide(EO)°] x}X3h= EA1 HAES ehie
A0 2] A 2] 4x10=40 wt% S ZFA| S o]u| sttt AEE A7
oJ5te] &It 1 wit% Pluronic L64 =842] 24 (cloud point)
58°colgl o, EHdE 4ol gate] AT CMC= 26.31 mM
(7.6 Wt%)°]3TH?2,3].

7R ZEE =5 99% ©)4-2] n-octane, n-decane, n-dodecane
59 ¥3lrA 2 Y-S Sigma-AldrichZH-E] Fl5to] HUE A
g glo] Io= ARESIGleH, Al AXE gt B2 o] w3t
AT 5578 AR 32 SR ARSSISITE HEARE A= E
T 99% ©1d2] 1-butanol, 1-hexanol, 1-octanols- Sigma-Aldrich= -
TSste] HokE FAIT §lo] 718k A3l ARt

2-2. A

2:2-1. 7Hg 3L 5 &7

1AL Blo] 2 AHEMIA Pluronic Lo4 5-8-942] €A 999
thet 7183} £ 5+ videomicroscopyE ©]8-3F oil drop contacting
ARE Bl S8R 7H83sF £% =74 23> Pluronic L64
AAZEAA 2] CMC2! 26.31 mM(7.6 wit%) B} & 55 270
ek 8, 9, 10 wikeell ] 71831 A& sl

AL A 8- 2]t 9.9] 71§38} £ S vhea 2
o] oJsto] =asATt. 57| (diffusion path) 400 pm®! rectangular
JEN2] glass capillary cell(W2540, Vitrodynamics Inc. USA)l Q31
AAZAIA] FEN-& A2 5 Ostwald ripening 2 compositional
ripening @4 W] $lete] @] 78 2 drops Y
(injection)3 AT}, T 2] 78 2.2 drop T AP A4 glass blowing
of] eJ&}e] xA A &st njo] A 2 33 (micropipette)?} microinjection
AJ2~EIQ1 Picospritzer IlI(Parker Hannifin Corp., USA)E ©]-8-5}5]
o, 0k 30~90 pm| A7E Z= 789 @ 2 drops AWE
A Aol 2]13FIT}. VideomicroscopyE 02510 Al7bel] )
2 2% drop®] 7] W ke ®iskE TRl om, Algtel mE
22 drop 1715 S48l 7483t SE(-dD/d)E S on | of
714 DE 248 AHolH, 5= AlTteltt.

222 FH AW 57

AHZAGA =843 @ Apo]o] Alte]l whE 53 Ay
(dynamic interfacial tension)y> spinning drop tensiometer(Site 04, Kruss,
Germany)E ©]-8-3to] S43130th WA 3.5 mme] A3 EAH
(cylindrical capillary tube)& ©]-838to] Z7g31%la BAlT-S AWE
A B, ol A wAE AT F v ol AR 33
AT v AEAIA ARSI A Al F5 8 wi%e] 8-
= FAIe] AR 510 pL FAPIE ©]8810] ede T8kl

o, ARG HL TS 212 o]gslo] k=St
v = —%d3~w2-(p1—pz)

7y AR, ds 29 AHe] A7, ot A A&, pe
ARIGA 0] W 123 p = 0910] WS Zhz} ekt

w

21 A &

B Aol A3k Hjo] & AAZ S A Pluronic L64% 2]3t n-octane,
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n-decane, n-dodecane 5-2] 713} =% oil drop contacting &S
o431 Z43t). ©]5 213197 Pluronic L64 A&/ #]2] cMC
B} 22 FE 209 08, 9, 10 wi%] AAZAA T84S glass
capillary cellol]l ZF2; 42 5 ©F 30~90 um2] 47& zhe 3o &
A Y drope ]18kAL videomicroscopyE ©]-8510] A1l
WE 2l A7E S 53] £ AFeME REAME
A2 ARE-SE €32 34717} Pluronic L64 H]o]& AHEHI A nlo]de
packing density?} B8l 242 7HE-3) o wX|= Pk T
Sto] A H ko 77 A¥E Tables 13} 20 2lsto] LJERASITE

Tables 17} 2¢]| Vfebdl Aol & = QIRo] des HAA™
FAAE 37Vt 49, Pluronic L6491 2]3t n-octane, n-decane, n-
dodecane 52| 7H3} 5= B 7R AE & 5 otk A
S0, Table 13} Figs. 13} 2(a)°ll LUERA Aylor & 5= l%0]
Pluronic L64 8 wt% A&/ #| 4=8-ef] 1-octanolS AW &G4 &
7102 (A/S) 1/300, 1/200, 1/50 %H 22+ H7Fk 739, n-octane
299 7183} L= 247 6.0124, 7.0212, 7.2245 pm/mins: LFE
St &, g3-a A7FE S71el w7183} 5= S8k, B
ZAHGAA H7F Al9] 7HEEE S daES A7 o A
9] 7183} 45291 5.0404 um/min} B w3le] FA| Sl B
Sk Tableol] 2oFsto] UERd Aol & 4= Qo] REAHE A

Table 1. Solubilization rate (-dD/dt) for hydrocarbon oil by Pluronic
L64 surfactant solution with addition of 1-octanol

Solubilization rate [pum/min]

Hydrocarbon oil A/S molar ratio

Swi% 9w  10wi%
1750 72245 9.0283 104600

1/200 70212 75554 9.8988

n-Octane 1300 60124 64997 82134
noalcohol  5.0404 56925 65877

1750 26928 35620 48914

- Decane 1/200 23333 24087 44224
1300 21651 23625 37521

noalcohol 20703 23086 29727

1750 09802 1.1059 14480

- Dedecane 1/200 09034 11048 12103
1300 08782 10118 L1273

no alcohol 0.8512 0.9173 1.0120

Table 2. Solubilization rate (-dD/dt) for hydrocarbon oil by Pluronic
L64 surfactant solution with addition of alcohol where molar
ratio of alcohol to surfactant (A/S) was 1/200

Solubilization rate [pm/min]

Hyd bonoil  Alcohol

ydrocarbon oi coho T W% TOwivh
1-Octanol 7.0212 7.5554 9.8988
1-Hexanol 6.3431 6.5993 8.0321

n-Octane
1-Butanol 5.5162 5.9449 7.5481
No alcohol 5.0404 5.6925 6.5877
1-Octanol 2.3333 2.4087 44224
1-Hexanol 2.1936 2.3330 3.6254

n-Decane
1-Butanol 2.1198 2.2919 3.0408
No alcohol 2.0703 2.3086 2.9727
1-Octanol 0.9034 1.1048 1.2103
Dod 1-Hexanol 0.8712 1.0147 1.0819

n- n
O | Butanol  0.8564  0.9555 1.0757
No alcohol 0.8512 0.9173 1.0120

L -+ A/S=1/50 (a)
12| & A/S=1/200

-4 A/S=1/300
| -# no alcohol

-dD/dt (#"/min)
O

8 9 10
Surfactant Concentration (wt%)

— 6 - A/S=1/50
R= - A/S=1/200
g -4 A/S=1/300
E 41 = no alcohol
N’
~—
= 2
=)
b4
O L
8 9 10

Surfactant Concentration (wt%o)

: -+ A/S=1/50 (c)

- A/S=1/200
1.5F & A/S=1/300
-#- no alcohol

-dD/dt (#"/min)

8 9 10
Surfactant Concentration (wt%)

Fig. 1. Effect of 1-octanol on solubilization rate of hydrocarbon oil
by Pluronic L64 surfactant solution; (a) n-octane, (b) n-decane, (c)
n-dodecane.

A7l W 7HEst £ S7F ad Aheh gae) A ol
7Vl Wt S8Rl ol & 1, Table 29} Fig. 3(a)ell HERA
Pluronic L64 8 wi% AIHE/IA| =&-He]l 2Jgt n-octane 2L 2] 7+
L3lof] Qloj HEAAEAIAZE 1-butanol, 1-hexanol, 1-octanolS-
AJS 71 1200905 242t 7Kk -, 7R3} i 217t 55162,
6.3431, 7.0212 pm/min® ZA] B ZAHEGA 2 H7)et L3289
AkE Aol7} 57l mhet S7kekitt. 0] 1-butanol? o] Zhe-
ARES 7 e eSS AV A SolE A ol &
Fgo] g Aol EAISe] Balra 9U9] THEslel & S
FA] Bshk= WA, 1-hexanolo |} 1-octanol} o] H] W& A& 2
o7} 71 4FE-E REAAIIAR H71et Zf-olli= H7et ol i
9] &Fgo] mo] A Ao Y x|3to] wlo| S W} flexibledt packing
= 2 frowM, 7HEskE folsHl §F 2o A7t 53, 1-
hexanol#} 1-octanolsr 71t -, 7F8-8f £ 57 718t das &4
of| upet Trlsta H7het dFEL ’helga AR dolg dAl &
= 73t Ho) SR aEIRE ST das AKE Hol7t S
Shof] mhe} Eofl thgk ¢aE2] vt fhask e Agow Wt
& 73g-olli= 4ozt dold = Alvh21-23].

Korean Chem. Eng. Res., Vol. 52, No. 2, April, 2014



222 Ll B L

8
= -+ A/S=1/50
= 6 o A/S=1/200
] & A/S=1/300
5 Z = no alcohol
N’
= 3
a2
= 1

O L

8 10 12

Alkane Carbon Number (ACN)

10
= <+ A/S=1/50
= 8 o A/S=1/200
E & A/S=1/300
§ 6 -= no alcohol
5 4
a8 2
b

0

8 10 12
Alkane Carbon Number (ACN)

1@
= 9 <+ A/S=1/50
é‘ g o A/S=1/200
£ 7 -4 A/S=1/300
5 6 -= no alcohol
~ 5
~—

4
=2 3
2 2
T
1

0

10 12
Alkane Carbon Number (ACN)

Fig. 2. Effect of 1-octanol on solubilization rate of hydrocarbon oil
by Pluronic L64 surfactant solution; (a) 8 wt%, (b) 9 wt%,
(c) 10 wt%.

oe]

Apeko] Aa1 Babeh 2% o] Folxl 97k gskE e 7HEE
ANZ7] AEFE REAMSIAE Hrisks W Slols Adg
A BFo] By E A o= wjdE] 3=, & B packing
densitys ZHE5 8= Zlo] To3thar ¢=lA] glom, ol iy
O SHE zhe WSlrAR o]Folxl AMEAE ARE 5 Q)
H2,3,21-27]. o1& 9, H7A-C 52 tA 2 Foll x3=o] 9l
= Aol A3 et 25 2 Qv SASEEES Ak
HLB numberg 2= H]o] A AE AME-sto] 71H238A1 7
-, 22} ¢F-E3} EO(ethylene oxide)2te] S HE-g-l| 2Js}o] YA
H, o]F AS 7F 22 4FE ethoxylate®] Tergitol A1E AW
A7} A% chain®] 12} ¢3-23 EOSK] F3 Wkl 2late] A
JE 12} &5 ethoxylate?] Neodol Alrd&/JA| ¢} vlwste] wHo})
o 5397l Aoz waRItH2,3,21-23]. ©)%= Tergitol AE AHg
A= w340 A, AFA7] Bslar ks Afele] bl o
2 Q1510 Neodol AlE A A2} vl wsto] & F31H Fef2 vt
o]A packings 7} A O o/ 4= 9101, Neodol AE L] A
A9} Blaslo] wh& mjo] Al packing densityS 2H= Tergitol 7]
A AHDEAP} vl A EApe] A0 J3s #2; 2E 2
S 35S wfo] A palisade layert; core 7ol 7HE-31A|

Korean Chem. Eng. Res., Vol. 52, No. 2, April, 2014

= - octanol (a)
‘= 121 -ehexanol
g e butalnoi1 |
| -= no alcoho
i 9
= 6
=z
S 5
1
O .
8 9 10
Surfactant Concentration (wt%)
= > - octanol (b)
o - hexanol
=) - butanol
E 41 -mno alcohol
S’
~—
2 3
a
ki

2 L
8 9 10

Surfactant Concentration (wt%)

2 ¢ octanol (c)

-o hexanol
1.5t -4 butanol
= no alcohol

-dD/dt (#m/min)

8 9 10
Surfactant Concentration (wt%o)

Fig. 3. Effect of alcohol chain length on solubilization rate of hydro-
carbon oil by Pluronic L64 surfactant solution; (a) n-octane,
(b) n-decane, (c) n-dodecane.

715 o golgt Zloz AFITH?2,3,24,25].

T3} Tables 13} 200 YERA Aulollq & 4= Q)50] AdEH A 5
T5 S7AIRe ulg) mjo) o) o3t eislra 2o 7188} S
S7FISit. o5 £01, Fig. 10 Uepd AajellA] & 5= 9l5o] Bz
AHEAIAZ 1-octanolS A/S 71522 1/50 WS 8, 9, 10 wt% Pluronic
L64 AAZA] g-Hell 242} 7135t 790l 91e1A19] n-octane 2.
ol 713} 5= 72} 72245, 9.0283, 10.4600 pm/min® 24 AlA
FAA B 71l we 7R3} s SURISITE A EAdA 5
5 Tt wet 7hg8) S0t T eRs A AMBA w0t 5
71kl whe} mjo] Al Adol] EAsl= AMEIA THEAE 5] 3%
A4 (aggregation number)7} 571510 vlo]Ale] H717} AR 3L K
F-g-N Aol A= wlo| A T S whitolH, o] Avpi=
dynamic light scattering X5 ©|-85}0o] AW A -s5o wf2} v}
olde] Pt 715 ST Ay}, ANEIA 8N FLE 7M7)
8,9, 10 wt%= S7HA 7ol ue} vlo]dle] et 71= 77} 215.15,
223.62, 246.54 nm< Tk Ao 2K FR1E 5= QIITH2,3].

Fig. 40l LR Azjellr] £ 5= 9l5z0] A3t A g4 s=9t
Be F0 AT S FY U A1 24 slelld el 2

2] €k4 7147 (alkane carbon number, ACNY} 5715 7183}
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8
E 7 - octanol
g © -e-hexanol
s 5 & butanol
§ 4 -=-no alcohol
= 3
8 2
T 1
0

10 12
Alkane Carbon Number (ACN)
(b)

e d]

-o octanol
-e hexanol
-A-butanol
= no alcohol

-dD/dt (#"/min)
O = N W = Ui N ] 0

8 10 12
Alkane Carbon Number (ACN)

104
~
£ -+ octanol
g 8 - hexanol
= 6 -4 butanol
i -=no alcohol
= 4
=
% 2

O L

8 10 12
Alkane Carbon Number (ACN)

Fig. 4. Effect of alcohol chain length on solubilization rate of hydro-
carbon oil by Pluronic L64 surfactant solution; (a) 8 wt%,
(b) 9 wt%, (c) 10 wt%.

12 7H43I3I) Table 13} Fig, 40f] VR A3jolld 2 4= 9l50)
Pluronic L64 8 wt% 232 58-4ef] 1-octanols: AH 23] =
71202 (A/S) 1/50 WHE 2718t 73%-, n-octane 2 A2 7183} L=
7.2245 um/min%? YERG oW, A 2714 2] n-decane¥} n-
dodecane 2L thet 7143} &%= 712t 2.69287) 0.9802 um/min
O 2 n-decane 245 AMSH 99} v|wste] 7Hgs £t 5
A 742318l o] 9 o] whslaA 2 e ACNe| Tt ket
7HE3E ST AASHE AL wElrA 249 71gs) nleojAle

packingel] 510 FA| FES WSS nlsh= Ao, Balri 2
o] B2} 2717} S7 s wio] Al film regions penetrationdt]
core el 7HE-31E7] o] 9A)7] ol tH2,3].

Fig. 50l YR AAEA| so upE 7183} 5 574 A3z
€] Pluronic L64 AIAEIA] ~8-Nol] AdTES WA HEIA
2 A7 Aol oix ] 7HEsE SR AMEAA] w2l uis)
A 8] AR o= vlelste] T7sh, ol W Adwe] 'Elra
2% 71M-3kK= interface-controlled HAUEFS w2+ 7S 2v|sh
t}. Interface-controlled WIAUSFSE w2+ 7390l QlojA 2] 7183}
L5 247 g Ade| vlojdle] FEztEE S5
o] A=, ol= AMel FaEE= nfo]de Mg, S 789 e

10 &
¢ octanol
8 + @hexanol
A butanol
H no alcohol

-dD/dt (zm/min)
o

I |

0 2 4 6 8 10
Surfactant Concentration (wt%)

¢ octanol (b)
~ 4 + ®@hexanol
£ A butanol
é 3 + mno alcohol
= 2t
=
a8
SR
0 1 1 1 1
0 2 4 6 8 10

Surfactant Concentration (wt%)

1.2 - eoctanol
@® hexanol
0.9 | Abutanol
® no alcohol

-dD/dt (;m/min)
(=]
o

! |

0‘ 1 L
0 2 4 6 8 10

Surfactant Concentration (wt%)

Fig. S. Solubilization rate (-dD/dt) of hydrocarbon oil as a function
of surfactant concentration of Pluronic L64 surfactant solu-
tion; (a) n-octane, (b) n-decane, (c) n-dodecane.

AAEA izl dste] AA FFS 7] wizoltH2,3,9]. Rbd
ol 71837} diffusion-controlled HIAUES W2 74-9-ole A
A s Aol vl Aow delA e ol
diffusion-controlled WIHUF2] 4%, 24| 7M-3l= AR A
Fgolo]] g3l = f3kE 290 bulk T8N O 2HE ulo|Al 2}
o7 tE= e osto] dojuA HER THE3 e
interface-controlled?] 73-7-2} B]13}o] 8- Zdol] EAfsh= mfo]Ad
o ANre] PEE vl A B H] wiEolth2,3,10,11].

Spinning drop tensiometers AME-510] €HalA 2.3} 8 wt% 7|
HEAIA| G| LTS HIAAL AR 7let 78 Aol <]
ARt mhE BA AEEEE S4% A= Fig. 60l eI
Aol & 7 Sl5ee] It A Aks dort Sk 3
Golx el Aazge S Aaghs & St olE 501 8 wit% Al
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Fig. 6. Effect of alcohol chain length on interfacial tension of hydro-
carbon oil by 8wt% Pluronic L64 surfactant solution; (a) n-
octane, (b) n-decane, (c) n-dodecane.
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