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ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) are widespread soil contaminants and major environmental concerns. PAHs
have extremely low water solubility and are strongly sorbed to soil. A potential technology for remediation of PAH-
contaminated soils is a soil washing with surfactant solutions. While the use of surfactants significantly enhances the
performance of soil remediation, operation costs are increased. Selective adsorption of PAHs by activated carbons is
proposed to reuse the surfactants in the soil-washing process. The adsorption isotherms of pure chemicals (Triton X-100
and phenanthrene) onto three granular activated carbons were obtained. The selective adsorption of phenanthrene in mixed
solution was examined at various concentrations of phenanthrene and Triton X-100. The selectivity results were discussed
with pore size distribution of activated carbons and molecular sizes of phenanthrene and the Triton X-100 monomer. The
selectivity for phenanthrene was much larger than 1 regardless of the particle size of activated carbons. The selective
adsorption using activated carbons with proper pore size distribution would greatly reduce the material cost for the soil
washing process by the reuse of the surfactants.
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Fig. 1. Schematic overview of the surfactant enhanced solubili-
sation of HOCs. I Sorption of surfactant molecules, II Partitioning
of HOCs between the water phase and the micelles, III Sorption
of HOCs, IV Solubilisation of HOCs.
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3 &HA AtR(Newcome et al, 1996; Narkis and
Ben-David, 1985; Pastor-Villegas et al., 1998; Salame
and Bandosz, 1999; Karanfil and Kilduff, 1999; Wu
and Pendleton, 2001; Jonker and Koelmans, 2002). &
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Table 1. Selected physico-chemical properties of phenanthrene
and Triton X-100 (Edwards et al., 1991)

materials properties
mol formula CisHyo
phenanthrene molecular weight (g/mol) 178
logK oy 4.57
water solubility (mol/L) 1.0x1073
mol formula (average) CsH,;C¢H,OE" sH
Triton X-100 CMC (mol/L) 1.7%107
MSR™ 0.0863

*: CH,CH,0
**: Molar solubilization ratio (mol phenanthrene/mol Triton X-100)

v TS AHEIT deEe F 7] E-o] &)t
H dHellMY B8 24 A9F e AEE vEhlle
AEE AR 1 Aol ofefe} Zrk(Shuler and Kargi,
2002).
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AErS Bg vkE & XPS(X-ray photoelectronic spec-
troscopy; ESCALAB 220-IXL)E ©]&3to] EX3)1t
Triton X-1007} phenanthrene®] S2H-S- dolRr] 25|
MAEHEIE o83 3EH AFs T AY
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X DAgele] AragAAle] F71HQ1 FFte] dofuAl
Fe TEHEYANAM A3 HGonzalez-Garcia et al,
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el zie Bk B ol8d ZEe oy
HJ o2 SUPELCOSIL LC-PAH(150 mmX 4.6 mm, 5
uM)E o]8-39 3 7-54H85% acetonitrile™} 15% de-
ionized watery2 1.5 mL/min®] <402 S}
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Table 2. The specific surface area and pore volumes of activated

carbons
4-12 mesh 12-20 mesh  20-40 mesh
Sger (m/g) 273.98 529.68 621.35
Viniero” (mL/g) 0.1209 0.2231 0.2608
Vineso (mL/g) 0.0131 0.1457 0.1850
Vinaero. (mL/g) 0.1388 0.2920 0.2805
Viorar (ML/g) 0.2698 0.6608 0.7263
a:<20 A, ®:20-200 A, °:>200A
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Fig. 2. XPS results for carbon and oxygen peaks on various
activated carbons. (a) c(1s), (b) o(1s).
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Fig. 3. The pore size distribution of activated carbons (< 700A).

120

(a) A 20-40 mesh
O 12~20 mesh
1004 ®  4-12mesh
o
jary
E) te
.E. 1*
@
s
e
£
=
1]
s
@
<=
o
80
Time [hr]
100 60
* ® PHE (59 TXL w 100 mg PHE/L)
b & PHE (59 TXL w50 mg PHEIL)
&0 4 ( } O TX(5g TXL wio PHE)
— r55
'-a{ —_
-
E &/ 5
P =
c =]
o 5 -50 %
£ B3
s =
g v g
E =
45
20 4
0 . 40
0 20 40 60 B0
Time [hr]

Fig. 4. Time schedule of adsorption of phenanthrene and Triton
X-100 on activated carbons. (a) Phenanthrene adsorption according
to activated carbon size with 100 mg phenanthrene in 5 g Triton
X-100/L, (b) Phenanthrene and Triton X-100 adsorption with 20-
40 mesh activated carbon at various phenanthrene concentrations
in 5 g Triton X-100/L.
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AT A S Be ARl A8FHUCH 20-40
v SAehUgAIZhe] 4-12 w4 EA35Ahel Hls)
10/13E ool F2ARIe] B A ¥3IthFig. 4a). Ol
4-12 wl<e] Egete] Bis| 7)Fe] Wt 20-40 v
gAJeto]| phenanthrene®}t Triton X-1002 &3 4= 3
< 7183 BlEHZo] ¢ F7] wiie® dAdEnh %7
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£ FFFAE Freundlich 58 WM =KC'o &
yepd T8-S Fig. 59 6°ﬂ Z¥Zy Ve Ik Triton X-
Gonzalez-Garcia 5-(2001)8] I} 2o] ¥
FEFE 2F 4.0 g Triton X-100/L ©J5e] 7oA &4
I e Sateel 34 K ¥ 99 EATE
A8} tH(Gonzalez-Garcia et al., 2001). Triton X-100
9 T2 FANoE T F Ue e SHS
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Triton X-1009] &&tgo] LA TT;qQ o] HEsE
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Fig. 5. Surfactant adsorption isotherms on various activated
carbons with Freundlich isotherm. i) X/AM = 0.296X%!!® with 20-
40 mesh, ii) X/M=0236X"" with 12-20 mesh, iii) X/
M= 0.143X%97 with 4-12 mesh.

70

®  20-40 mesh
12-20 mesh
60 1 ®  4-12mesh b

Phenanthrene adsoption [mg PHE/g-C]

Eq. PHE [mg/L]

Fig. 6. Phenanthrene adsorption isotherms on various activated
carbons with linear isotherm. i) X/M=49.96X, R’=0.921 with
20-40 mesh, ii) X/M = 18.86X, R*=0.976 with 12-20 mesh, iii)
X/M=17.65X, R*= 0.95 with 4-12 mesh.
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Fig. 7. Selectivity and liquid concentrations for adsorption tests
with various activated carbons in 4 g Triton X-100/L. a) Selec-
tivity, b) Liquid concentrations of phenanthrene and Triton X-100.

F7HtE Aet ¢ i]it]r(Newcombe et al, 1997).
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B phenanthreneS 35’_74-7512& B8] ¥ 4= A= YEH
o}, 2498k dx) Z17] W2 EE phenanthrene 3%
FHolA 20-40 vl Do) 7P =L HEEE Kol
o] 20-40 <] RS Triton X-100 §efo 2R
E] phenanthrene 7} & Eelsl= EAdetog A2Hs
g AT ESF Triton X-100 F=o] W& HAel==
Triton X-1002] 57} S:8-8 &8 AU =S yel
olo] AFE vlgoE HL& ’d == 947 ﬁsﬂ/ﬂ‘f—
Triton X-1002} phenanthrene®] & o=
o] fEd Ao Tt}

3.5. &8 7%

AU Fatohe e ) 44 Arsl Fob
o A=A A7 o8l = A% EH(Newcome
et al., 1996; Pastor-Villegas et al., 1998; Salame and
Bandosz, 1999; Karanfil and Kilduff, 1999; Wu and

Pendleton, 2001, Huang et al.,, 2002; Jonker and

Table 3. The molecular size of phenanthrene and Triton X-100

Phenanthrene

Width : 8.031 A
Length:11.752 A
Thickness : 3.888 A

Triton X-100 (at average EO group number=9.5)

At monomer phase : 27 A
At micelle phase:86 A
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Activated carbon

Fig. 9. The conceptual diagram for selective adsorption mechanism
of hazardous organic compounds in surfactant solution on
activated carbons.

Table 4. Adsorbable area of selective adsorption site for
phenanthrene and Triton X-100

20-40 mesh 12-20 mesh 4-12 mesh
SgET 621.35 529.68 273.98
SpuE 617.04 494 .48 62.69
Stx 448.87 363.57 31.77
SpHE-STX 168.17 13091 30.92

Sger: total surface area, Spyg: phenanthrene adsorbable surface
area, Stx: Triton X-100 adsorbable surface area, Spye-Stx phenan-
threne only adsorbable surface area
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