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Abstract

The solubilization of BTEX was evaluated in aqueous surfactant solutions with and without
several additives. Anionic surfactant(Sodium Dodecyl Sulfate, SDS) and nonionic surfactants
(NEODOL®25-3 and SOFTANOL®-90) were used as test surfactants.

The effects of surfactant HLB(Hydrophile-Lipophile Balance) Number and hydrocarbon molar
volume and polarity of BTEX on the MSR(Molar Solubilization Ratio). micelle-water partition
coefficient of BTEX. and CMC(Critical Micelle Concentration) were investigated. Optimizing
treatment conditions applicable to enhanced solubilization was also studied by manupulating salinity
or electrolyte control with additives of ethyl alcohol, hydrotrope, and electrolyte solution.

The most effective surfactant for solubilization was found SOFTANOL®-90, since HLB number of
136 is similiar to those values of BTEX ranging between 114 and 122, which was also proved
experimentally. Ethyl alchohol of 3% was the most effective additives in reducing CMC and
improving solubilization among the conditions using SDS, NEODOL®25-3, and SOFTANOL®-90 with
three additives.

The partitioning of BTEX between surfactant micelles and aqueous solutions was characterized by
a mole fraction micelle-phase/aqueous phase partion coefficient, K. Values of log K, for BTEX
compounds in surfactant solutions of this study range from 2.95 to 3.76(100mM SDS) and 295 to
3.49(117mM SOFTANOL®-90). Log K, appears to be a linear function of log K, for SDS and
SOFTANOL®-90.

A knowledge of partitioning of BTEX in aqueous surfactant system can be a prerequisite for the
understanding of the behavior of hydrophobic organic compounds in soil-water systems in which

surfactants play a role in remediation of contaminated soil and facilitated transport.
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£(136)7} BTEX®] HLB 42(114-122)8} FAFs}l7] W&ol o] £ Aol APH oz ZHFZHA
}. SOFTANOL®-900]] ethyl alcohold A71& A$ CMCE A3d}A| 7|32 %—sﬂge SFAIA A A|EE A
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Ay Az APEAA Q00 23 BTEXS 438 CMC & %MI%E o] ol A AlztEIG L
AMZAA Y Fxo oiet vl Aoz sl S 2ok AHEAA $8AeM micelle phase
9} aqueous phaseAlo]el]A] BTEXS Eui: BulAl$ K ol 2std EAx]9IAt 100mM SDS$}
117mM SOFTANOL®-908] Log K, & Z}7Z} 2.95-376, 2.95-3.499) e yJehiigleh =3 spse)
SOFTANOL®-90¢] %% Log K% Log K,, = A3AH #4S Bt

AMZAA £Ao)A BTEXS] ol /Mg A A= e 2048 f7] 2989 AAE
23 AukEyds 584 Hrle $93 4L & Heoln.
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SDS (Sodium Dodecyl Sulfate)2} B]o]-2A] 7
WA F Aeld 5A4& zZ: NEODOL®
25-37} SOFTANOL®-90& o]&3}led BTEX
(Benzene, Toluene, Ethylbenzene, Xylene) &
299 Ak Ase A% APIAYA AA7
W% 54 2321 =2¢ 9% 7z 478
Zgstodet. =3 L= bl aHl Ao
2 933 ethyl alcohol. Z3jd &-H-52] 7}
Aol WY ke $Astas

2. XHh ~5A 2A2Ho| S5HHH
He EM,
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A et
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AW G A o] 28t 5229 L£3]= PIT(Phase
Inversion Temperature . FEEE(LIERE)=} 3=
250 o]=23g& o 5]_'117} Ht} o] PITol
Al el 2R AHAE S A A A (system)
o] ApA-apie] FHE oFd Wt 43
&=7} wi-$ welx)7] d&Eolc}. Gibb's Phase
Ruleol] &J3)] &, wlo]&A] AHBAIA. ¥
37| Al (ternary system)ellA] PITE= dA3 3t

2+ vl 7 ¥ 4~0] o} (Shinoda 5 1968). dnk
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! 1. Benzene, Toluene, Ethylbenzenel| HLBRE
Tt AHEAMAS HLB T N2l A
(Kunieda £, 1985).
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1949).

HLBS = (AHEAA A4719) %)/5  (2)

«§7)4], %471 PEG(Polyethyleneglycol) 3
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2.2 23l M| 7{(Solubilization)

294 #7188 75 dAs=rAE A
HEAGA Ehol Hev AW 54909
old e Ap7E FALE AYIHT A4V
7t fFo= EI A3 U F2E olFE
¢ BTEX$} 22 w34 w3tpafe o2t
244712 40 A Bk o F slete
AdZAIA 2N o-vjo] A (reverse-micelle)
€ A3t 2D 25719 FA=E f7I
2EES FH3A Hed olHe] vtz L3jAlA
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(Valsaraj %, 1989 : Jafvert 5, 1991).
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Ao A Aul 2oz AST BAHL
BTEX(Junsei Chemical, Reagent Grade)o|c}.

ARGAA = Sol2A AHZAAL SDS
(molecular weight : 288, surface tension: 8.32
mM) ¢} ®]e] 24 AHEAJAI] NEODOL®25-
3(pH:69(@ 25C), molecular weight: 320-
350. viscosity : 19 cps{(@ 38°C), HLB 4 : 7.9,
surface tension :0.032 mM)3 SOFTANOLS®-
90(molecular weight : 597, viscosity : 32.9md
/s(@ 40°C), HLB 4~ : 13.6, surface tension :
0.08 mM)& A&3te] ALg-3}ch

A 7}EA 2 hydrotrope® SXS(sodium
xylene sulfonate, Aldrich. Chem, Co. USA),
ethyl alcohol anhydrous(Carlo Erba Reagent
Co., USA), electrolyte solution(ISOTON® I
sodium sulfate anhydrous 9.6-9.8¢g/L, sodium
chloride 3.9-4.5g/L, dimethylolurea 0.4~1.0g/L,
procaine-Hel 0.06-0.11g/L: Coolter Scientific
Co.. Hong Kong) 5% AH&3}9ict

3.2 CMC(Critical Micelle Concentration) A&

ARGAAE B4 5 ool H o4
29 ARe 2ax 9w ollde W]
& CMC(Critical Micelle
Concentration) 2} g}l

ARZAA 7} ol £8HH BRAEL 2}
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A2l 25715 S3pAFA ok AR A2 e] ¢l
7l uﬂ"‘f“’ﬂ i—?'] ‘Iceberg’ B} 3l= Alel7} H o]
ddstd oz Bt Alejrt o wreEbA
ARGRA S 2pT)Ee] A2 A3t 4
AgE I35 g3 BIAE Aol A HA
Al e FYHE o)F7] 98 uwhejdo] A

ulo] & AHGAIA L FAEo] o F
FAZ o]FT e Aoz vio]de YA
AHGAA S o) &3 743*3}7%“4"1] %l°1 7}
F2% Agelsh A vholdel YT
FEQ CMCE AdEAA 2 112* Al
ARAE Astg w=lg o v F23 v
€ #Zxd. 283344 54L& Du Nouy
Method (www.ksvltdfi, 1998) 8 A}4-3}9l:1)
o]= ASTM D971, DIN 53914-80¢] &}s) w2t
So}a Pt-Ir-Ring& 2] =9 AHEAA
48 mdo HEAA AW AHE &4
e Wgoz, ZAFAAE
Tensiomat® 21(Fisher Scientific, Co. USA)Z&
2489
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3.3 MSR(Molar Solubilization Ratio) A&

MSRE 54 Ee=d AWINA= 4%
4 e SMAA AR L =S ey
t H=olth. & BTEXe H A"SYA &
49] MSRE BTEX &3=(H2%)9 A4
A AHFCEEE) 9 Tz 772
vehte A 35 o] 43l AA 4 9o

MSR = (SBTEX.mic - SBTEX.cmc) (3)
(Csurf - CMC)

714, SBTEx.miciﬁ]‘H%@*ﬂﬂ EA5E0CMC)
oAl BTEXY] &3]=

Serex eme: |HEAA Q] =x7} cMCY
ol BTEX®Y L3l=

C.r ° SETEX. micolMS) AR 5

MSR-Z &34+ fAEA B3k AHEA
Aol gAAARES] HED ALg D £ A
HEAIA) 2] micelle phase?} aqueous phaseA}o]
9] AA] §7) 294 E9] Bul: micelle phase
/aqueous phase A}o]e] HulA4=(Ky)el]l 23]
B4R A olid] PIRL Log KBS
Log Koct3 AT AAEFE 7FAH
(Edwards %.. 1991). °]¥ MSR3} &7 A4
$4A9 SAsE AT W FoY Am=
38 "ok Kol aoie AS 295 A
A A 9] micelle®] aqueous phaseZ FE] w2
obo] Ee AT 4+ Aok AolH, A Beh
o Kool & AR} $AAA S
A $4stehe A LA ok

K ==2m (4)

7], Xm: Micellar Pseudophase®| A 2] $-32

o g4
Xa: Aqueous Pseudophaseol]| A& &8
BIE
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_ (SBTEX,mic - SBTEx,cmc)

X, =
(Csurf -CMC+ SBTEX,miw: - SBTEX.cmc )(SBTEX,cchw)

or (4a)
X, = _MSR_ (4b)

" (1+ MSR)
Xa = SBTEX.cmCVw (40)

o7)A], V, 2 B By (d2 59, 001805L
/mol at 25 C)

£ A7t 4 ARSAAL BTEXA
9 MSR Agel AYANS AREHA &
A rg AIAANAA oA FoEE
24, 4 3% o83kl MSRE Astelct
BTEX £8]x=2 &3-& cryofocusing modules
Z338}E= purge & trap Concentrator(Tekmar
3000. Tekmar Co. USA)7} A&= Gas Chro-
matograph(6890 Series, Hewlett Packard Co.,
USA)Z B-A3teid).

2 Agol|A A4 SDS. SOFTANOL®-90,
NEODOL® 25-39] 5% olfo} 2}

SDS 1, 4. 8, 10, 30, 50, 70, 100 mM
SOFTANOL®-90 :0.01,0.05,0.08, 0.1,0.3,0.5,0.7. 1 mM
NEODOL®25-3 :0.01, 0.02, 0.03, 0.1, 0.3, 0.5, 0.7. 1 mM

=2 AHEAA 264 BTEXS] &
=T dotrr] A% AFE AN =
AlHe| A= MSR Testol| A A|88t % o]&
o F7t2 offie} 2 FxoA L3=E A
Areted ot

SOFTANOL®-90:05, 1, 2. 4, 7. 10% (V/V)
NEODOL® 25-3 : 0.5, 1% (V/V)

3.4 7}
o

2 Ao A= H71EA ethyl alcohol.
ISOTON® m, SXS2o cjeksdl %o w&



BTEX®) §31=0] P8 38& dolusleh®
1 33). Age MSR AFIA %Y wpy
SU) AAHT A7)e) BAEE FUsS
gel= Wee 2sch

E 1. Sz MEo ARRE FVIEY M8 52

Code No. Additives Conc.(v/ve%)

1 No Additives

2 1%
3 2%
1 ethyl alcohol 3%
5 5%
6 1%
7 ISOTON® III 2%
8 (Electrolyte Solution) 3%
9 5%
10 1%
11 SXS 2%
12 (Hydrotrope) 3%
13 5%

4. A Aot

41 CMC Al Ea}

2 Ao M= 25CoA ZH AHEAA ] =
HAH S &35l CMCE F3¢doh

a9 2. 3, 4= 7Z7}9) SDS, NEODOL® 25-
3. SOFTANOL®-90 ¥ =wzle] W&t wHA
€ FAste] AT Zloz T 2HAE
o W3yl A% WA Hol Jehisy)
o] He] w2 CcMCE Yeldo. SDS.
SOFTANOL®-90, NEODOL® 25-38] CMC¥%:
Z+7} 832mM(0.24% w/w). 0.08 mM(0.0048%
v/v), 0.032 mM(0.0001% v/v)o]th(& Aldd]
A A A SDSE FAuUE. YA
SOFTANOL®-90. NEODOL® 25-3-2 Xwu]&
A 43t9g}). SDSE SOFTANOL®-90,
NEODOL® 25-38] %ol A B 2xoji
CMC7} A2z AAA Q] W 2214 =)
Hre e wegle o fejdign & 4 Qoh

Surface Tension
[Dyne/Cm]

[Dyne/Cm]

Surface Tension

Surface Tension
[Dyne/Cm]

4+
42
40
B
36

34[-

2+

CMC 8.32mM

30

60

55

50

10 100

SDS Conc [mM]

I8 2. spse| cme

CMC 0.08mM

0.01 0.1 1

46

44

42

40

38

36

34

32

30

SOFTANOL®-90 Conc [mM]

2! 3. SOFTANOL®-902] cMC

CMC 0.032mM

0.01 0.1 1

NEODOL® 25-3 Conc [mM]

2! 4. NEODOL® 25-32] cMC
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4.2 MSR Mg Z3t

2 AFoA A14-% SDS} SOFTANOL®-90
o] Hj3k BTEXS] MSR-Z 4] 3¢ 2]3] AHAbs}
of Z7t = 29 & 3o YepE 219 5. 6.
72 AMEAA e sxo W3 BTEXSY 43
= vehd 13l

MSR Ago|A FZFug 2}gfez Lo|
Al AHEAA 2] ASelE mloldle] FAFHE
CMC °]%¢] F=or BTEX®] =7} A3
Moz Zrlstglovt vlel &4 HfelE 001
mM~1 mM®] = #Hld H$ 238 CMC
FEAM F2 £35S 7HAH, CMC ] %9
FTENAE AY A SI5E 2 Aoz

vhehse

6000
5000 |k CMC 8.32mM
—
"\J —e—Benzene
o0 4000
£ —#—Toluene
—
o 3000 —a—Ethylbenzene
<
8 ——p-Xylene
< 2000 —X-m-Xylene
]
E‘Q‘ 1000 |, —a—o0-Xylene
—
o#
0 50 100
SDS Conc [mM]
222! 5 sDS Molarityol 2|8t BTEX B3
1200
— 1000
)
= -—+—Benzene
g 800 b
' —8— Toluene
2 600 CMC 0.08mM —a— Ethylbenzene
3
&) —p-Xylene
?LS) 400 —¥~-m-Xylene
E 200 g |—#—o-Xylene
i
K X —X =X

0 50 100
SOFTANOL®-90 [mM]

2! 6. SOFTANOL®-90 Molarity0ll 2|8t BTEX 8=

160 E15% H29% - 19994 4R

1000
900
ﬂ 800 \\J,
%0 700 —4—DBenzene
4 600 —a—Toluene
% 500 / CMC 0.032mM —&—Ethylbenzene
i 400 ~¥—p-Xylene
) 300 ~¥-m-Xylene
B
m

200
100

—e—o0-Xylene

0 0.5 1

NEODOL®25-3 conc [mM]

32! 7. NEODOL® 25-3 Molaritydll 2|8t BTEX E31=

¥ 2. sDs(100mM)e| BTEX 23T} Micelle-Phase/
Aqueous-Phase2| EHiH|+(%From Ref. 10,
O rom Ref. 6., °From Ref.9.)

Compound Sg‘l’ggﬁ{ty Serexeme | Serexmi | SR Log K

(mg/L) (mg/L){(mg/L) "
Benzene | 1790% | 1076 | 5145 | 0.568 | 2.95
Toluene | 526% 351 | 3357 | 0.356 | 3.43
Ethylbenzene| 169 214 | 2373 | 0.222 | 3.64
p-Xylene | 162" | 244 | 2464 | 0.228 | 358
m-Xylene | 198° 163 | 2693 | 0.260 | 3.76

o-Xylen 175° 208 | 2433 | 0.229 | 3.65

E 3. SOFTANOL®-90(117mM)0i| A} BTEXZ3HEZ 2t
Micelle-Phase/Aquecus-Phase SHi2|=(®From
Ref. 10., PFrom Ref. 6., °From Ref. 9.)

Compound Sg\lljéﬁ;’ty Serexeme | Serecmc | MSR | Lo g K
(mg/L) |(mg/L)|(mg/L)
Benzene | 1790% | 1075 | 28000 | 2.940 | 295

Toluene | 5262 448 110700 1.880 3.31

Ethylbenzene| 169° | 295 14200 1.120 | 3.48

p-Xylene | 162° | 332 |18300| 1.447 | 3.42

m-Xylene | 198° 289 |13600| 1.072 | 3.49

o-Xylen 175° 318 | 13200 | 1.038 | 3.44




® Log K, Log K, 2| #4

2% 8. 9= SDS¢ SOFTANOL®-909]
micellar phase®} aqueous phase Alo}2] H-ujj#)
(K, Kool FAE el Hloz A3
HAz 28EE 4 5 U BT HAAE A
AHAA micelled] EH) FTA Aelz 5 o)
% LaplaceytEo] zh&grozr L3)2+4-9)
Z7+2 op7]1A71A ¥t Laplace$t® & ¥ A
Aol AFoldt AHAH o= Q3 A7 FF
He) gExzE 28 ¢ Uk K, 9 KOWEM
TA L ol#q Lo gEHA HG
(Valsaraj®} Thibodeaux, 1989). &3 18 8, 9
ol A held wle} o] SDS K, 9]
SOFTANOL®-90¢] K, 2o ZA vepge. o
2}* SDS9] uwho]d o] aqueous phaset] ZEE]
BTEXE Hse| ske o) oS Zspm ol
<. SDS?9| 4350 oS $IttE g 9

olstA dot

£ Aol Jephd Exloez NEODOL®
25-32) 7%l 0.5 mM o]A}e] ¥ xoA =
LR E FAE717F Aok A Ade)
A= AWGAYA LG BTEXY makell o]
SOFTANOL®-90-2 &9to g RA 7153174 4
3 == ¥ld, NEODOL® 25-32 BTEX7} #
HEAA 2} E3E = w7 RE] emulsiondEl 2
=2t

3.9

® m-Xylene
37k o-Xylene
o Ethylbenzene
g =
4 35 Toluene o p-Xylene
g
S 33
vy =0.6801x+1.5204
31}k
29 Benzene |
4 25 3 3.5

Log Kow

22! 8. sDS(0.1M) M2 BTEXO| LHE Log KTt
Log Koy ZHA|

o]8]8l HA-S SOFTANOL®-90¢]AE o)
U] k=l o]& SOFTANOL®-90(HLB 4=
; 13.6)7 NEODOL® 25-3(HLB & : 7.9)9)
HLB 3t Ao} wj#ez o] Axos
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BTEX : Benzene, Toluene, Ethylbenzene, Xylene
CMC : Critical Micelle Concentration

EO . Ethylene Oxide

HLB . Hydrophile-Lipophile Balance
MSR ! Molar Solubilization Ratio
PEG . Polyethyleneglycol

PIT . Phase Inversion Temperature
SDS ; Sodium Dodecyl Sulfate
SXS ! Sodium Xylene Sulfonate



