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Solubilization Mechanism of n-Octane by Polymeric Nonionic Surfactant Solution
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Aol A= LA} Hlo] AHEA] Pluronic L64 (EOPOxEOs) Fholdell osh S&ke] 7H8-gle) st A& 538

St} Oil drop contacting 23S ©]83t] &gt 2SS AALIA nfo]dl gollof] =908t & A7t wpE
A7NE S5t 71838t S8 AW 7H3S S5 7] 24 drops] A7l AdEgle] AAsAl vk, Al
A w=el wht A Aoz SRS & 5 AUk olyst AYZHE Pluronic L64 mfolAle] o]t &gk
7}&-3h= diffusion-controlled ™71UZo] obd, interface-controlled WAUZES w2 214 gelsh o= Qlqlvk. Spinning
drop tensiometerE ©]-2-3F dynamic interfacial tension AHEIA FEE 8, 9, 10 %= T7FAIF el wel ZH2) 259
x 107, 245 x 107 213 x 10> mN/mC.2 7Hashs 218 & 5= Aieh FYo) mdshs d] dels A7 AdZgal
2ol whet ARSI 1 ztolrt w9 Zgkom, ¢k 7 min oule] B T A& ER1T 5 Stk

o e
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In this study, solubilization experiments of n-octane oil were performed by micellar solutions of polymeric nonionic surfactant
Pluronic L64 (EO1sPOxEO13) a room temperature. A single spherical drop of n-octane was injected into agueous surfactant
solution using an oil drop contacting technique and solubilization rate of n-octane was measured by observing the size of
oil drop with time. It was found that solubilization rate was independent of initid oil drop size but inversely proportiona
to the initial surfactant concentration. These results revealed that solubilization of n-octane oil by L64 micellar solution is
controlled by interface-controlled mechanism rather than diffusion-controlled mechanism. Dynamic interfacial tension measure-
ments showed that interfacial tension decreases such as from 2,59 x 102 to 245 x 107 and further to 2.13 x 102 mN/m
as surfactant concentration increases from 8 to 9 and further to 10 wt% respectively. The equilibration time was also found
to decrease dlightly with an increase in surfactant concentration. All three systems reached an equilibrium within 7 minutes.
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7188t @S Al mholAl s (citicdl micelle
concentration, CMC) ©]/32] 5= 9] ollA AaE/IA Al =2 3

5 otk A HAR, ARSIA L 284 B0
1 3% oo gajElo] Eho] ARt wpet Z7|7F FhA
71H&-3Ksolubilization) 7<) loH[1], T MAZ+=, Oswald ripening
Hor 77t v B84 Edo] AT v oY Aol = <lsted
Alzrel] wet & dropS 717} B F7FekaL WhEe]] A2 drope- Al
Zholl whet F717F fhastel2). mpxetoz, 27k4] ool B84 &
o] AUIGA T8 Adof] EAT A, Alzbel w2 B84 B4
o] 24 zfo]® 1% chemica potentid Atel® F7]7F WEkE
compositiona ripening A4S 5 5 UTH3).

7488k E(El)el disk §alido] ofF 2 Exlo] AAEAIA
o o&l 71 &% o] oE FalEo] T (isotropic) FENC] 8-S

1=

T AIA A} (e-mail: jongchoo@dongguk.edu)

15

o7 Qlale] A nlo]d(micdle)el] ol Bo 849 49l
9] 7+ 3HE(solubilizate) o] APEHA 0 7 o]Edlo] gojEtA o 7 ol st
S sk ddolgtn & & ek olef st AU A wlo
o 93k g3t @i AE Fe] Aok 3, HIQIE, Bk,
A, A, BERE, 21, enhanced oil recovery (EOR) 5] ¥ Ak
NME §&d Wrt olel, AsE okl enzyme action, 713138}
2okl micdlar cataysis, 41818} ok chelate complex 7H-3} &
St ool ME 1 S84d0] FEA AL 9lon, o]l tE W
< AT BolRE S8A0] FuEa girH4-8).
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HJeHe-12]. &, 243} AREGA $=8-9 2] Ade] vlojddo] &
T 223E = Bgo] % 2 W (rae-determining step)Q! Al
A (interface-controlled) WAUZ I AR EGA =89 ol £ =
Fole o] AdEdAl mlo]dly} g-olo] AHo T AatE =
o] £ 24 WA gk ZA(diffusion-controlled) HFH U E o
3 271x) welo] A|A = ek

Interface-controlled 2! diffusion-controlled 5ol &3t 7183} w7
&2 7183} S5 (solubilization rate) @k 7] drop 71, AWEAIA &
To| FAE EAFoEN 1T < gt oF Bof, AUEA
A wro] o] 93t 71437} interface-controlled HMIAYUES wEE 7
%, ohe A ()l ek A H 7143 S5 27) diop 7)) ¥
Aol AR, AWEIA BEo] AF 2oz ul|sirHg). N
714517} diffuson-controlled MIAYUES W2 A9, 713 St
th2 2 el vebd ZAAH 2712 24 drop A7)l Wi E|EtA =]
o] 7143} S AlRtol| whel X527 0 2 (exponentidly) 7r4xsHH, 7l
AEA 2 Aol vl#EE10,1).
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dD
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o714 D 7HEEHE 2de] A4, = AR v 298] S5
(molar volume), "= 7H&-3} vlaldsrold, (—dD/dt )= 7H-8 =

= e,

dD Dl
%D @

714 D& 97HE-sHEe] ghbAl(diffusion coefficient), ¢, = B3
oA 2] 7143} (equilibrium solubilization capecity)S e

AE A no] A F=g-oe) o]t 7Hg-3} el BN E B
o] ERE o, 73] &8 9l AMEAA] nold &
74getmsl 7HEslel S T oy 29 Soll #gt Zo] o
o]tH9-24]. 53] Sol AMEIA|, ol AHEAIA g} 22 o]
& AWGAA] AAEE SR 3 ATt PRI, Ho]
AR gA Ao 28t 7183t A ARGl =3tst
o] A77F g on, miAt vlo] AHIIA AlxEle] ot
ATE i AT o2 MAEHSITE o]} o] A A Al2glol
ogt 7483t S Tok B A7t HaAEY ghovt witA} ulo]
2 AEEAA Al 2wl ot 7183t MAUS el ek Al AIA QL
ATE FHHA ATk

ek 2 e s AllF o7 W Algo] AEE A Qe
Ak vlo] & AHEA A Pluronic L64 (EOPOxEOR) S AHE-&te] S&k
(noctang) BFEFA .ol tist 71831 £ 1EE il drop contacting
S o] g3to] 27 oY dropd] 719 AdEA FE W3l u)
g} 7He3t SE FAc o, o2fd A3 AHE g o w sfo

7H-3} HAYES olastaal stich

= [~
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2.1 A8z
7H4-3 A3 o)X= =2 BASF Chemicd oA -¢) 8t 182} H]o|-&
AH A1 4] Pluronic L64 (EOPOxEOR) S St AAlud glo] 1
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& AFR3FTE 1 wi% Pluronic Le4 Z=-8-912] $-7(cloud point)S
58 Co]2.2.H, HLB (hydrophilie-lipophilie balance) number= 2.2 2]
7HEEA R A3k 15~18S YERASIT

H7HEslEREE % 9% ol ' ®©slera 29S8 Sgma
Aldrich=5-E] T-¢13te] HohE A2 §lo] T2 AM-Fsl e,
Az AZRE 3t 82 ol 18 ALY S/HE AR 33 S/
= ARk

2.2, Al

221 7t8st 55 54

T8} vlo] & AHEA A Puronic L64 584 9] Blalra 2 Yo
3t 7143} 4= videomicrosoopy S ©18-3t ail drop contacting 2 &
£ Fdte] SRk 7188 S5 S AES 2y 40 9
3to] A7 st Pluronic L64 AlHEAI A 2] CMC]! 26.31 mM (7.6 wt%)
B} 2 5% 246 dlgshs 8, 9, 10 wi%ellA] 7143 AE 4
ATt

AL A gl 5t 29| 7183} 5 HHL vhad 2
W o] o&te] S=a3lit). FAAl(diffusion path) 400 ume] rectangular
e 9] glass capillary cdl (W2540, Vitrodynamics Inc. USA)l 2+ 3}
H ARDGA FEAe A H 7EY G 2 dops FUsH3
ot A el A glass blowingel] 2]3te] AA] A 2Hgk oF 50 um o]k
ulo] =2 2 3] 3 (micropipette) 7 microinjection A]A~EIQ1 Picospritzer I
(Parker Hannifin Corp., USA)E ©]&-3}o] 2F 50~100 yme] 21748 2t
£ & 2 dropS 400 pme] 71 9] glass capillary cdloll 131
t}. Videomicroscopy S ©]-8-5k0f Al3tel] whE 2 drope] 7] 4 ¥
8] WslkE wEerg o, Algtel] mE 2 dop =1719) WStEN-E
M3 S8 S8

222 9 ¥ njojd 37| 59

ARBAA F5 Azt w2 ®dA4Y(surface tenson) S ring &
plae method tensometer (K100, Kruss, Germany)2} maximum bubble
pressure tensiometer (BP2, Kruss, Germany) 2 AHg-3to] S4a81g] o,
O o] A gho] WMekA] ¥ FEE A vl F(citica
micdle concentration, CMO)E. 3}31th. Al G734 =83 2 Alo]
o] AddE(intefacid tension)< spinning drop tensiometer (Site 04,
Kruss, Germany) & ©]-8-ako] Z7stieh W7 35 mme] 453 EA
TS ol gste] SN BATS AHEFA &, o] FASF
TAE AsE & ThA] o] FAGTE 33 AT v AXAIA AR
Stk A S A FE 8, 9, 10 wi%2] 8RS 717t mA o] A
+ 10 pL FAPNE ol gste] S 0d-& F4lskglon, 33 o]
Z4st & Hatsto] o3Itk
ARLA S5 ®igte] g mlo]dl AL F7]E dynamic
light scattering “3-%](BI-9000AT/200SM, Brookhaven Ingruments Corp.
USA)E ©]-&3to] S48ttt mfol o] Bt Z7]+= 59 Aol of
sto] 33] o] SAs F Fatsto] LRI

oL

3833 1
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Pluronic L64 Al Al -8-99] F = Wil wbet F9¢ Ta%
2 A= Fgure 10 YERISITE Fgure 10 YERd dijoA & 4
9J5=0] Pluronic L64 Al &4 7S] CMCE oF 7.56 x10° mg/lL (= <k
7.6 wtvg)o]™, CMCellA 8] WAL 324 mN/Im?! A& g1
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Figure 1. Measurement of surface tension of Pluronic L64 surfactant
as a function of concentration.

91qlek. w3k dynamic light scattering 24X S o] &-8F0] 1182} H]o]
AR DAAQ Pluronic L642] CMC ©]4+9] 55 z7o)4 wlo]ad =
715 S43lck 2 A3l ARE-SE CMC o de] w1 %7191 8,
10 wideell A wro] o] B F7)= 27t 21515, 223.62, 246.54 nmE
el wigha A S Al S FEr) SR uket 8l gehs Ak
7t F7Fste] mpolAle] 3717} Srkshe AE ERIE 4 Uitk
T EA} n]o]& AHEA A Pluronic L64 (EOPOXEOR) S AHE-5H
Seb 'l e gt 7kes £X (—dD/dt)E al drop
contacting 23S o]&-3sto] STt Ad=214] Pluronic Le4 AHE
A2l CMCETF =2 5% %7191 8, 9, 10 wi%2] A A =&

W fo

©

Aol Z}7} o] &gt 22 dropS Tt Aztel whE 2ol 5
715 &4t on, 1 A3E Fgure 20 VERAQILE Aatolq B 5
Ql50] 8,9, 10 Wi% 5 F7 EFolA 2ol AHEA A =gl
‘gl EASHE mfol Aol 7Hg-sl ol wbA] QU2 A7) ARkl )
g Zhashe S VERRSQILE EE Ao ARES A EAdA 2
FES 27] 2 A7l BAGe] 242 A= At wet AF
Ao g ZFAselct

Figure 22| A¥}ellA] B = Ql%o] AAEAIA nfo]de] o]gt Sgt
290 783 HE (—dD/dt)= Z7] 249 7)ol BAIgle] U

Ao

3t 2 Figure 200l YER ZF F= 20| A Q] AlZtel i 2 7]
o] =4 An= 2719 o9 A pow 77 Wr (/D) BAIE
o] X7kol] w2 W3}= Fgure 39 YERAQITE 3 Fgure 20 YE}
W 74z AAEgA s 200 Sl A4 71e7]9] dogie®
FE 73 S22 ekl AME3AdA sE tiste] BAlEsioH,
71 A& Fgure 49 JeRITE Fgure 37 49 A2 5-E] 7183}
S5 AUEIA sl AL AP o= vt Tk As
ok = 9tk

Figure 22} 4°] A3} Z5E] Pluronic L64 AAE/d#)2] wlo]Ale] <
3 26k @ 99] 731 diffuson-controlled Hl71UZ0] obd interface-
cortrolled WAUES W2 A& & 5= 9tk 5, AdEdAl wto]d
of 95t 29 M3} S A ()l YERd A Zo] 7] oY
9] A7)oll S WA gkom, 52| 2 A7|= Algte] whEl A
Ao 7kagit) whdel 714317} diffusion-controlled WAUES
2E Aol A QoA Be AAH M8 S 27 2Y A
71l whajgish, ede] A7) Algte] wEl XA oz A
A}, o]+ diffuson-controlled MAYUES 7%, 249 71g3l= A
ASA g el &3 T f3tE 2] buk FEH o ZHE v}
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Figure 2. Measurement of oil drop size with time in agueous
surfactant solution of Pluronic L64 ; (a) 8 wt%, (b) 9 wt%, (c) 10
wit% .

ol o2 HABE e gste] Yolupll Hed T W o
A9 Sk SEE 0] F7]o wh|as] HRzolch, v 7Hg
37} interfece-controlled 71 %% mh= 39, 7483} S viol
Ao| 2913} 5-gele] Aol & - BT el osjol AYH
2 27] 589 ol EASRE 999 279k Fusi £E S5
24 WA} intataeconrolledd] 5o M8 St Ay
A e AP A0z welshs 2ol Hlste] dffusion contrallede] 7
Follis AVBYA Fwe] Aol weshs, ot inefae
conralled?] 739 7Hg3h= A FHEE vlol el A5 o) 2

J. Korean Ind. Eng. Chem., Val. 20, No. 1, 2009



18

10 15 20 25

Time (min)
Figure 3. Effect of surfactant concentration on solubilization rate of
n-octane oil in Pluronic L64 surfactant solution.
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Figure 4. Solubilizarion rate (-dD/dt) of n-octane oil with surfactant
concentration of Pluronic L64.
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o W= oz gzihd)

Figure 20 YR 213 A3E vpgo =z 7183t vlAYZe] 742}
diffusion-controlled?! 73-%-2} interface-controlled?] 73-$-2 718 3}o] A]
Zholl W2 2o AVE A5% AIE Fgure 591 YERISICH
Figurecll X 843} Aoz vepd 27} diffusion-controlled
7d-5-9} interface-controlled 73-9-2] |5 ZAxjoH, o}7]4 diffuson-
controlled Z-5-2] A7t 2 oA F715 A537] AAste] A
D #o® A=Al uEA AwEdAe] FatAlsel sl 9 x
10% nfisE A&tk Aol A B 5= 915o] Pluronic Le4 1A}
AAZGA ] wlolde] o8t gk el JMEsh= diffuson
controlled #|#U<0] old interface-controlled #AUES w2 = 7
< 4 F Uk

7}8-317} interfface-controlled WIAUES w2E 499 7183 &
T 2 @l g8 veRd 5= 9o, Fgure 20] A2 FE 2 AE
A FEAAY g vEds 8 7 5 9led, o AE
Table 10 Q¢ksto] Uehflch Table 10 Uehd A a2 2E] 7483}
HlElds K-S AREIA w27 S7HEE Sk s 4 &
ATk A E o, AMBYA] FEE 8,9, 10 W% 21t ST H e
uj2} 7483} Bl ElAkE 517 x 10% 5.84 x 10%, 6.76 x 10” mol/n?* - s
2 Z7FHdth

7HEE SR Qe AREdAY sTE SMTE

o
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Figure 5. Solubilization of n-octane oil in Pluronic L64. Solid lines:
interface-controlled kinetics. Dashed line: diffusion-controlled kinetics.
m - Experimenta data ; (a) 8 wt%, (b) 9 wit%, () 10 wit%.

U o= AR A FEe] B @ FF A o= wdEHo 9l
= S+ packing densty & ZHEF sk Zlo] Fositha 4 A vk
[1825-28]. ol&fgt W o= ZH& Zhe 'SR o]Fozl Ad
GIAE AFESEALH18,26-28], &7 S WA EY A (co-
surfactant) & AHE-3to] AHEIAl A1) packings K.t} flexible
SHAl & A-9{25], 53] EAFo] AL Eidst 2= o] Fo X 17}t
S350 AAEGA Fgde st st Tk E AR U
itk

AE 4, H7-C 52 U 24 Foll 23] gl Akl A
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Table 1. Solubilization Rate Coefficient k® (mol/m? + s) for n-octane
in Pluronic L64 Solution

Concentration K (mol/m’ - 9)

8 Wt% 517 x 10*

9 W% 584 x 10*

10 wi% 6.76 x 10*
_—
£ o006
E - 8 W%
= 0.05 I - 9 wi%

—h— 0,

S 004t 10 wi%
=
="}
X 003
o
& o002 F
E :
*E 0.01 1 1 1 1
- 0 5 10 15 20 25

Time (min)
Figure 6. Interfacia tension measurement between n-octane and

Pluronic L64 solution with three different surfactant concentrations of
8, 9, and 10 wt%.

2t 725 21 Qe FeEES AR HLB numbers %t
= Hlo|& AMEYAE AHE-sto] 7HE-3F Al -9, Tergitdl AlE 7]
2’3417} Neodol A1 2] A A9} vlwste] Bt o g3l
o7 W HTH26-28. 91714, Neodol A|Fe] AHEAA= A
chain?] 12} &51-&3} EO (ethylene oxide) 9}2] &9 8-l 2Jsto] 4
AE 13} LF-E ehoxylael! 2ol ¥135to] Tegitol AlE 2] AAGAA
© 22F 437E7 EO%e] F vkE-) oJste] A, olF AR 7t
7 221 &3E& ehoxylaeo|th. webA Tergitol AlE A/ dAl= vt
oAl A Al, 25797 @elea wARE Atol] b o2 Qlsto]
Neodol Al A& A} vlwste] & Fx1¥ FE|<] nho] 4l packing
S 714 oz oadst 4= 9l o, Neodol A ] AAZAIA 9} vl
sto] w2 ulo] Al packing densityE 2= Tergitol Ald 2] AlA /3 A
7} vlwA EAbeFo] Al Bk wAl 25 24 Qle FeEE
<= vlo] 29 pdisade layert} core & <ell 7HE-3MA7]= dl golshAl
s 2102 dEiRlvh o]# sk nlo]Ale] packing density”} 71H&-3tell v
A= Gl I E wol AAEIA Al s 4zl bt 9l
th 2ol AAEGA (S Hrshd AMEgAe 479
heed group Ate]<] 771717 Wb (eectrogtatic repulsion)s 7HAA| A
wto] A 2] packing density= A48l W, wERA] CMCE ZH4H T,
3|34 (aggregation number)7t F7kE o] 7HEEEE ST AL
2 BRauEgch Tt REAHIYAE 171 Afols wlo]d
packing dendity = flexiblestAl o224 71831 8 FT7HA71E A
o7 45 tH29,30].

Spinning drop tensiometer & AH8-3ko] AHEAA] sol wet 77f
SoE S LU AULGYA 8 Alo]2] AuAEE S 4
& Figure 601 YERNSITE AifellA] & 5 Lol AL Ae 5
T} ST sl whet AlagE o] haskalon, vlwA Fhe AR U

r K
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Utk A5 Eof, 7]

P A 2] AW
259 x 107 mN/me| ™, ol Edahs A7k oF 7 min 5% v
2 whg] Fego|| Tasith w3k AW B A S 9, 10 wt%ee] 7
ol g ollA el Amad ghol 247t 245 x 107, 2.13 x 10> mN/m
oz AR FE 8 w2 -3¢} Blwste] 2 7S vehy
Rz, 3 wWE A7 el Hee] =Esich

448 B

T8} H]0]& AAEA] A Pluronic L64 (EO1POxEOR) PHo] Al 48
Aof| o3t S 2 o] 783} £=E videomicrosoopy S ©]8-3t ail
drop contecting A3 -& S-3ll 783k aL, 2 drop =719} AlAE/IA|
Tt 7 S nXE gl #ste] Aw Rt o5 $iste]
4 Pluronic Le4 AlAE A 89 1= wisle] we} xageS
=743 A3}, Puronic Le4 784S CMCE F 7.56 x 10° mglL
(= 2F 7.6 wt%) |, CMCellA 9] =L 324 mNim?l Z1& &<l
31tk 53 dynamic light scatering 3% o]&-8lo] 1184} H|o].2
AAEAI A2 Pluronic L64¢] CMC ©]4e] w 5o W& wlo] 4 37|18
S48 B AdoA ARE oMC ol % 2719 8, 9, 10
wtdeell A mrol o] et A7) Z47F 215,15, 223,62, 246.54 nmE LFER
skt wheba] ATAEAA Y st SEEel wiet s§ehs EAF 7t
S7Vste] wiolAle] 3717} Srkeke S B 4 9ldrh

717k e] AAEIA Feol diste] 7Hgsl s s o, 7t
£33} S 2719 2 drop 3718k BAIGIe] A AASHA YEr
wow, AREAIA L7t F1ekel we Ao AgH o Fr)6sl
t}. wh2bA Pluronic L64 A&/ A vlo] o) )%t Seke] 7183l
diffuson-controlled ™A 5] opd, wio] o] 9 v} 4=8-Me] A
of & - g&EE #go] £ 2F WA interface-controlled HlH Y
S wEs S gl = 3lglon, o) UukAQl nlo]& A\
A A 2Ee s TEE Aol

Spinning drop tensometerE- o] 8-8to] Al A 5= Wl weh
S&F QAT AAZAIA T8 Aol AN S F% A, Al
HEIA F27F Sl ulet Aldgeo] fhastelct A& dA
S57 8 W%k 7399 AdgE-E 259 x 10° mN/mo
gl AIZHe oF 7 min AR v A whe] PP o muka)
9, 10 Wt%2] swolA 2l Adads ke 72} 245 x 107 213 x 107
MNIMe. 24 AHEA A 55 8 wi%s] ZA-9-¢} vlwsto] Ze ks

=
)
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2
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