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Effect of the Presence of Soil on the Ferrous Catalyzed Sodium Persulfate
Oxidation of Naphthalene

Dai-Sung Han - Yeo-Bog Yun - Seok-Oh Ko*
Department of Civil Engineering, Kyunghee University

ABSTRACT

Batch tests were carried out to examine the influence of the presence of soil and Fe(Il) sorption capacity of soil on the
ferrous catalyzed sodium persulfate oxidation for the destruction of organic pollutants in the application of in-situ chemical
oxidation. Laboratory column tests were also conducted to investigate the transport of oxidant and catalyst in
contaminated groundwater. Test results proved that Fe(Il) was adsorbed on soil surface, and thus soil behaved as a
heterogeneous catalyst, enhancing the naphthalene removal rate up to 50%. Column tests that were conducted with and
without dissolved Fe(IT) showed that naphthalene removal ratio were 24% and 25%, respectively. The removal efficiency
was not enhanced with dissolved Fe(Il), since the dissolved Fe(ll) flew out of the column as the oxidant progressively
injected into the column saturated with Fe(Il). It indicates that the injected oxidant could not interact with dissolved Fe(II).
But target organic pollutant was degraded in soil column system, implying that sulfate radical was produced by the

reaction of dissolved persulfate with Fe(I) adsorbed on soil.
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Table 1. Physicochemical propetties of soil (A)

Porous Bulk Porosi Field CEC Specific Organic matter ~ Water LL% PL%
Medium density orosity capacity meq/100g  gravity content content (liquid limit) (plastic limit)
Soil(A)  1.57g/em® 032 32.6% 22 232 5.2% 14.9% 43.1 39.5
 Table 2. Grain size distribution of soil(A) virglla} Fe(ID®] 52 £33 234 &%= 202 1°C
P AEFHE  HEEEHE  7HEEHER%) 2 fAslgon, ke tumbler rotator® ©]-88}] 120
44 0.0 0.0 100.0 rpm & AHSHA FAIAHT
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100 55.8 922, . s
o] Z~=Q oyl Z}7}o o3oxo.:. }\36.
200 502 081 7 18 20 mLe] 883} A7) BEY 3 g8 FUsl 58I

Table 3, Stainless steel preparative column hardware specifications

Characteristic Value
Material 316 Stainless Steel
Max. temperature 100°C
Max. pressure 8000 psig
Thread type 10-32 UNF (CPI Standard Port)
Length 100 mm
1D 22 mm
Volume 38.013 mL
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FHAE AMGE EaolRo] FEEAL Oriontle] 920A
S} 720A model® 17} EAHACE I BA 2ok
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Fig. 1. Naphthalene sorption isotherms on soil (a: kaolin, b:
soil(A), liquid : solid=5: 1).
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Table 49| A7)} o] FFefollr 71T ERA)
o] @9jdad EE Aol JZeRle s veplle
Sm(mg/g)RtS 27} 0.0148% 0.0106 mg/eeHT. ¥ 2}
2 3E 788y EAp] e J=Zgd F3E49
zlole A4 e AR Yelytt. eja vagkle] 74
Eoo] thd T2FHALdLE Langmuir Bd Xt}
Freundlich 2] T A3t 302 eI

Fig. 2014 Ho|Xo] E¢e] mE Fe()e] |23 &
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Table 4. Langmuir and Freundlich model parameter for naphthalene sorption on soil

Langmuir Freundlich
Soil type
Sn (mg/g) K, (g/mg) R Kr (Lig) 1/n R
Kaolin 0.0148 0.1280 0.8931 0.0844 0.4928 0.9307
Soil(A) 0.0106 0.1751 0.9391 0.0027 0.3824 09114
Table 5. Langmuir and Freundlich model parameters for Fe(Il) sorption on soil
Langmuir Freundlich
Soil type
Sw (mg/g) K, (g/mg) R Kr (L/g) 1/n R
kaolin 0.3474 0.0656 0.9887 0.0540 0.3827 0.9463
soil(A) 1.5873 0.0039 0.9391 0.1102 0.3465 0.9974
035 i AV} 34 F7HEAE S, CECakS M= mldlshe A
030 o7 vehdon #pg T Bk Fe(ll) S A}
025 o= CECel 7918 Aoz vy,
g 0.20
% 0.45 ¢ measured value 3.2 E%k ":'_C‘XHA| P—l‘%‘ﬂ'—-&ﬁ% )Ik_|-2|""“ ;c-l{)“ 9_[3._} '?l'?l 2
T oo Frondicn HE i Bk
: — i S - 3
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0.00 o ) .
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Fig. 2. Fe(1l) sorption isotherms on soil (a: kaolin, b: soil(A), and
liquid : solid=5:1).
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meq/100 g2 VkERGom | TElm B A A9 4
Z A¥S Edled 222 meq/100 g B UERITH T E
W] S.akel AolE EKAVE OF 457 v} & Aoz
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Fe(ll) 59} Alzto] F71gol wlebr] S@E Ak A
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T 1 g8 Hab st 3 Fig 309 EY
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0.90 mMHFE 1.6 mM 7HA] 2BBIAA E-g&o] dAsHA 7
A=A 7R 99 Zo] BEe] e vEREA
ATk Fig. 3%t ()Y Aol Zo) slsiA|e} Fulje
H2 3 w5t 719 39 2.1mM: 1.79 mMo|$]
o, EA)Y 7F 2.1 mM: 090 mME U3k EQF
9] Fe(ll) 254 we} oh2A Vet

Fig. 45 E%o] &AJ6}2] gon, vzgdl v= 27
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Fig. 4. Naphthalene degradation as function of various oxidant/
catalyst ratio in aqueous phase (reaction period=3hr, and
naphthalene = 0.08 mM).
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Fig. 3. Naphthaléilé degradation as a function of ferrous concentration in a soil slurry system at 20°C (a: kaolin, b: soil(A), persulfate =2.1
mM, naphthalene = 0.16 mM, and liquid : solid =20 : 3).
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Fig. 5. Influence of soil on the persulfate oxidation of naphthalene at 20°C (reaction period = 3 hr., persulfate = 2.1 mM, naphthalene =

0.16 mM, and liquid : solid=20:3).
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Fig. 6. Residual Fe(Il) concentration in aqueous phase after
sorption on soil (a: kaolin, b: soil(A), and liquid : solid =20 : 3).
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Table 6. Naphthalene removal efficiency using flushing process

37

Pore volume

Flushing process

State of catalyst Removal efficiency

Injection condition  Total

1) Water 25 25 - 11.3%
1) Persulfate 21 mM 25 25 - 11.4%
1) Fe(I) 17.9 mM 7
2) Water 8 .

2 S 5 24.0%
3) Persulfate 21 mM 5 5 Adsorbed on soil 0%
4) Water 5
1) Fe(l) 17.9 mM 7 .
2) Persulfate 21 mM 5 25 Dissolved 25.0%

+Adsorbed on soil

3) Water 13

o] 8802 Easle F(IDE AAE ©F 5pore

volume FSHHIEE S8 Feuulo] Beh)] S9E
A A 8-S Hrel) a8la FE 3w 8o s

EABle E0lE ksl S8k 7 WA WHOE Fig
g(bpell HeERISe] 24 Eoko] FHd ZAH 7 pore
volumeA Fe(Il) 84S Zejrljo] Eqol E817] o]

T HIE 2B T B Q9= AsAA 3t
93\‘3}. T 3 T 2 75 pore volume«] g5
ZHE o]F 2E AAEES HsIT S
9] iﬂﬁ% ol-&3k 3l WA %%mi‘:’ﬁ el A
ASLE 24.0%2 JEREOH, «Z‘”—% SEgoE FAl &
zHcl* s 1% FHoE RE F yzerl AAE
2 25.0%% LR 1~ ol F2he Az &
WS Fe(ll) 20 E\:‘r 1% & AAES Hola Ik

oleidt A= EYe] S HAiuiye 281 589
HEE-2(Plug Flow Reactor)} SAKSE ZA0] A wol &
49 Fe(s ABAPE g webA o 32903t
ZsiAel el ofsl wiEEol 88 Fiis) AsiAle
Hhg-o] o]fojx)7) Ealria SiEm, web B 249
A ‘ﬂ"ﬂ"i Edel] F3E AduiE SRk Eul(Fe(1Dy}

FRo) A4 Sujilslel Aofsh= Ao AlgEH & &
ol F2E A Fe(y} AEAEST W
sulfate 2SBS0, sulfate Zofzol 2sie] v}
zeklo] AsAA H Ao Vel 18EE EuiE
o83t Aelgg o] FgAEA olyet T BE Nk
Zot BARE A 3 B4 2 Eoe] E
Jefafol HRFHQ] Eglo] o

FEEAS

120] A Ao AlEEch

4.2 £

B,

B 7 S0 sk Bl vl

fr
of
ool
Mo
o

N
E‘

&

(5]
)
é

} slgom, T3 FA ABlE Bojgk A
S B3l Fe(l)E F9IE o183 HIHIEF
8L Hrkslodeh Fe(IDE EnjEdh wghat
LEF] ABlEAA Bl EAlv vargdle] ilsls

2 A AspAe} Fule] FYPUIEC] F3E vERL
2kelEA ol A 2] th: 2yzZte] CECY) weh Eok
F2=, St S B B
4 Fuje} o] X#%F— Aoz Vet agla 88
dog EAsk= *U}H 2 FUF 2ANAZ 28
R Fe(IDe] 82 A7) Zlos Adker) eju
2 A¥dy E‘%}Ol EASEA] A3kE S FHa AslE
&8 35%9AT, BEYo] EAke - ARslagoe] Hu
50%7HA] 5718 AoZ ettt A AksiA|eh Fuie]
BT ?PQQOI EARRE A5 2.1: .79 mMe|H e,

i)
rx ol

51
[+ )

oﬁﬁ?l’

&
jg’u

5

EHANK] 7S5 2.1:090mM OF UERITE EHA)
7 o »LL éu =l HA yzERlle] ke ss
VR ¢ E‘%}(AH Fe(Il) §350] 7kl 8]

S %oﬂ w34 ZojeA o 2 EaE e

I ALREE Yokt ZRAy AvatE 29 uiF =
AL Ee 5E] wSE(plug flow reactor)?} FARSH
o] 249 A& glsialey. 2= el Ay &
E2og EZANEE Fe(H) Zoje AbslA Fhel Wt o
2y B9 o2 fEEo] A B85 Z3ew,

Hhe Eokol] 20} Qe Fe(ll) S0l A4 Svllit
3pkgol 713l sulfate EFEIZES FAAIR AR &
AFC)

-

Ab AL
B AT A EF - ASE L9 T
dro A AU

J. Seil & Groundwater Env. Vol. 15(1), p. 29~38, 2010



38 Fl - fols - mHe

nTEd

Mo

M

78, 2008, 2008 BN 3G E B EYR|EE BE.
Barbash, A.M., Hoag, GE., and Nadim, F., 2006, Oxidation and
removal of 1,2,4-trichlorobenzene using sodium persulfate in a
sorption-desorption experiment, Water, dir, & Soil Pollution,
172(1/4), 67-80.

‘Benjamin, M.M., 2002, Water chemistry, international edition,
McGraw-Hill Higher Education, Singapore, 550-627.

Bentran, R.J., Gonalez, M., Fivas, F.J.,, and Alvarez, P.,, 1998,
Fenton reagent advenced oxidation of polynuclear aromatic
hydrocarbons in water, Water Air Soil Pollut., 105, 685-700.

Block, P.A., Brown, R.A., and Robinson, D., 2004, Novel acti-
vation technologies for sodium persulfate in-situ chemical oxi-
dation. Remediation of chlorinated and recalcitrant compounds,
2A-05.

Brown, R.A., 2003, In situ chemical oxidation: performance,
practice, and pitfalls, ERM , Inc.

Dahmani, M.A, Huang, K., and Hoag, GE., 2006, Sodium per-
sulfate oxidation for the remediation of chlorinated solvents
(USEPA Superfund Innovative Technology Evaluation Pro-
gram), Water, Air, & Soil Pollution, 6(1/2), 127-141.

Froehner, S., Cardoso da Luz, E. and Maceno, M., 2009,

J. Soil & Groundwater Env. Veol. 15(1), p. 29~38, 20610

Enhanced biodegradation of naphthalene and anthracene by
modified vermiculite mixed with soil, Water, air, and soil pollu-
tion., 202(1/4), pp.169-177.

Goi, A., Trapido, M., and Kulik, N., 2009, Contaminated soil
remediation with hydrogen peroxide oxidation, World Academy
of Science, Eng. Technol. 52, 185-189.

Huling, S.G. and Pivetz, B.E., 2006, In-situ chemical oxidation,
EPA.

LaGrega, M.D., Buckingham, P.L., Evans, J.C. and Enviromen-
tal Resources Management staff, 2001, Hazardous Waste man-
agement, 2ndEd, Mc Graw-Hill, USA, 1116-1126.

Liang, C., Wang, Z, S. and Bruell, C.J., 2007, Influence of pH
on persulfate oxidation of TCE at ambient temperatures,
Chemosphere, 66(1), 106-113.

Shor. L.M., Kosson, D.S., Rockne, K.J., Young, L.Y., and Tag-
hon, GL., 2004, Combined effects of contaminant desorption
and toxicity on risk from PAH contaminated sediments, Risk
Anal., 24, 1109-1120.

Tahani, A., Damme, H.V,, and Noik, C., 1996, Adsorption of
nonionic surfactants on kaolins, J. Colloid Interface Sci. 184(2),
469-476.

US EPA, 1997, Clean Air Act, Section 112(c}), Specific pollut-
ants, Federal Register Online via GPO Acess.



