Appl. Chem. Eng., Vol. 27, No. 6, December 2016, 606-611
http://dx.doi.org/10.14478/ace.2016.1090

’ Article ‘

IR MO EA MAS 0[B510] 2LYE EA0ML| S=51t b= Az
HEAlT - gHo| - 25|g - Ol - HAR

1s7)EdTY SHEAAYZ A, “Ardehstn nfo] @ 873 383}
9 3

(2016\d

Treatment of Heavy Metals and Phenol in Contaminated Soil
Using Direct Current and Pulse Voltage

Changsik ChoiT, Bumeui Hong, Hee Young Choi, Eunsil Lee, and Suk Soon Choi*

Clean Energy Team, Institute for Advanced Engineering, Gyeonggi-do 17180, Korea
*Department of Biological and Environmental Engineering, Semyung University, Jecheon 27136, Korea
(Received September 30, 2016, Revised October 6, 2016, Accepted October 31, 2016)

= =
2 TN L9 B Sl e a5 dm] APl distel 47 dd3 A dds Agate] n@sigl
o A% A9S Abgete] ed® EokS Astle W e, ok, v, g AA Z&S 247 70, 87, 12, 11%S

Yehggla, s 85% o)
7}7} 87, 91, 37, 38%°] 12
AT A3 ol A qt
2 5o Aoz Qlgte] H|Ae
Fd7] A8 A9EL oy /1A

o] AFols i

S ==

W) AAREo] F7hE T webd olelst A% A3} A
2255 AEe AYSt %4 12T 4857 281 + 92 Aol

A
gol AAEUY. Tl A4 AdE ARl w e, ofdd, HlA, |do AlAEE]
u, 58 88% AAHSIT oleld ARG Ax AAE 0¥ Boke] A geAL u)
o 7]. %_7].6‘]—9_ o) 2~

AT HERE o] HE Aol 9%
A9 o] g3t

g A=

= 2 1

Flr o

Abstract

In this work, the treatment of heavy metals and phenol in the contaminated soil was investigated by applying direct current
(DC) and pulse voltage. When the DC was used, the removal efficiencies for Cu, Zn, As, and Pb were 73, 88, 10, and 10%,
respectively, and more than 95% for phenol was removed. Furthermore, when a pulse voltage was employed the removal
efficiencies for Cu, Zn, As, and Pb were 88, 92, 40, and 40%, respectively, and 87% of phenol was removed. The results
indicate that the application of a pulse voltage for the treatment of contaminated soil reduced electro-osmosis, but increased
the rate of electric current movement of heavy metals. In addition, the removal efficiencies for As and Pb have been improved
due to the enhanced adsorption capacity of clay components in the soil. Therefore, these experimental results could be effec-

tively applied in remediation technology for the treatment of various heavy metals and phenol.
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Figure 1. Schematic diagram of the electrokinetic experiment
apparatus.
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Table 1. Properties of Soil Sample

Properties Value
water content (%) 18.73~23.26
density (kg/L) 1.38~1.45

CEC (cmoly/kg) 0.692

Particle size (um) volume (%)

Clay (0.010 - 2.000) 2.29
Silt (2.000 - 50.000) 75.04
Sand (50.000 - 2,000.000) 22.67
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Figure 2. Particle size distribution of soil sample.
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Table 2. The summary of Pulse and DC Electro-kinetic Experimental Conditions

Power type Exp. No. Operation time (day) Total energy consumption (WH) Initial phenol conc. (mg/kg)
P-EXP 1 30 3,600 120
Pulse
P-EXP 2 30 4,000 208
D-EXP 1 15 3,200 110
Direct Current
D-EXP 2 15 3,000 200

Table 3. Removal of Heavy Metals and Phenol in Soil by Electro-kinetic Treatment

Heavy metal (mg/kg)

Phenol (mg/kg)

Power Cu Zn As Pb
type - - - in. fin. (%)
in. fin. (%) in. fin. (%) fin. (%) in. fin. (%)
Pul Expl 223 27 88 971 77 92 1,646 1,324 20 1,140 713 38 120 15 88
ulse
Exp2 258 33 87 1,116 105 91 1,649 1,045 37 1,201 746 38 208 26 88

Direct Expl 59 159 73 1439 167 88
Current Exp2 483 143 70 1,190 150 87

1,479 1,373 7 1,323 1,116 16 110 6 95
1,185 1,046 12 1,334 1,192 11 200 30 85

Mineral Weight(%)
Non-clays
Quartz (SiO») 62.4
Ankerite (Ca(Fe, Mg, Mn)(COs),) 10.5
Arsenopyrite (FeAsS) 1.8
Total non-clays 74.7
Clays
Cronstedtite (Fe;FeSiO4(OH)s), Kaolin group 35
2M; illite (KAI(SizAl)O10(OH)2) 21.8
Total clays 253
Total 100.0
2000 — Q

)

Intensity

40 50 60
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2 theta

Figure 3. XRD pattern of soil sample (Q; quartz, M; mica (illite), A;
Ankerite, K; kaolin, P; Arsenopyrite).
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Figure 4. Variation of electric power with operation time.
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Figure 5. pH variation in solution near electrodes with operation time

(a : anode, c : cathode).
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Figure 6. pH variation in soil after electrokinetic experiment.

33. 29 EYUIM Hiz=2l A 54

APEFAL 3] Edfell= R BARE 1E 29 o] glolA
QIIA SR &g o] &3 f71d =4 2¢¥ EYS 218 24
sto] HlEm AALEE TPt o AE £71E Table 201 HERAS)
th AN A5G Hme HEA EA(Clays)ol tiake] 2 &
28 R ARt 8] HEA EZ(Non-clays)Z T A= o] Q)
AR FvEekel thaiM e 193¢l dlE 2930 fA 4
ZAOR odulo] Flm AA AEE Fsh] flet HA o FF 24

2r312} 33T Figure 701 YERH A2 o], &8 FoflA] shiE
F=0] o) FoldF Bkl Fao] o]FoR) = Hlme FalEgo
s7HE & 5 AUk

Figure 8olME A5 Ay A2 HAYS o83t Anje de=k
I #HE=) AAEE BAE HERSItE 2 AdE o] &ste] oF 12
At 243 A7, 88% o1de] HiEm AAEES et 3 AR
AQYE o] g3t HEmo AARE tete] st A3l HE] A
AzE) xo)7} YeElbE 1S DC - Exp 13} DC - Exp 29| B
Al o] Adxlolz @18 Z o7 DC - Exp 22| A&o] DC - Exp 1
ARt AR7) v AR =2 oA vl 2d=E ok £ 2
AEH AAE B ol Faigl Adeiold fAl] 35S o]g3te
AAEE HAUFOR o]Fo=|=t, FlES pH7t 57184 pheno-
late anion©. 2 =5} pH7} 745 $AS vl HE FekEo R
EANg) wiEhA B9k o Fe] pHYF Sobd A Hiis S vl

¢

¢

S gl

A7 Ags B AAL gl 0FN BN T4 A A 609

g 88

Adsorbed phenol weight in soil (mg)
3 8 B 8

g

D 100 200 300 400 500 600 700 800 900
Phenol amount in solution for adsorption (mg)

Figure 7. Adsorbed amount of phenol on soil with variation of phenol
amount in solution.

1.0

0.8

0.6+

0.4

Phenol removal ratio(C/C)

0.2

0.0

0 500 1000 1500 2000 2500 3000 3500 4000
Energy consumption (WH)

Figure 8. Removal ratio of phenol as a function of energy
consumption (WH).
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Table 4. The Concentration of Contaminated Components by Electro-kinetic Treatment

Removed amount (mg)

Energy consumption (mg/wh)

Effluent
Type of EK Heavy metals Heavy metals solution
Phenol Phenol (mL)
Cu Zn As Pb Cu Zn As Pb
Pul Expl 1,372 6,258 2,254 2,989 735 0.38 1.74 0.63 0.83 0.20 3,320
ulse
Exp2 1,575 7,077 4228 3,185 1,274 0.39 1.77 1.06 0.80 0.32 3,430
Direct Expl 3,059 8,904 742 1,449 728 0.96 2.78 0.23 0.45 0.23 5,610
current Exp2 2,380 7,280 973 994 1,190 0.79 243 0.32 0.33 0.40 4,880
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Figure 9. Residual concentration of heavy metals in soil.
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Figure 10. Accumulative amount of effluent from soil versus energy

consumption.

Skl M 27 E M6 =

, 2016

$e we} vl Al
2 sk AES Bk 284 As9 Pbe AlAES Cu W Znol
Hlal vl G YERsit) o] o] ol Huh= 7l g8l Cu
9} Zn8 o] F45 L7} AsS} PbET}F WEA| o]Fde= Ao® wrkdT)
4) "2 F271e vl8 DC 517] A& Al As$} Pbe] o5& 7}
Faskl o Ho ARk HA 7] H8 Al DC 57l B
F30% 7AEielnk olget A= I FAE AVERe dish
AdEet dr)olsel g Aol o aA ZEahr] witel] #HA
gko] DC 547] By Zashs Ao® ket
(6) WA &5 dEE o9E EYS asFo|n

A7) flsto] 71E9] SV R A 717

18 oy



A% Qs B2 AL ol gdte] 0¥N BN T A A 611

etk vhd IA 5307 AR Al SEE s A Ee] DC F
A718] AAEI} T AJolE HolA| gfot gkor HA TV 54
= Bedhs A7t FAHol ol & AoR AbrE:

# A
BT SELEY AAY|EATAI(13ANATRE) A9l
2 FgEgion] ol PAEIT

References

1. S. Ridhards and A. Bouazza, Phenol adsorption in organo-modified
basaltic clay and bentonite, Appl. Clay Sci., 37, 133-142 (2007).
2. S. S. Kim and S. J. Han, Remediation Technology of Contaminated
Soil by Electrokinetic Method, 197, Goomi Book, Seoul (2003).
3. Y. B. Acar, H. Li, and R. J. Gale, Phenol removal from kaolinite
by electrokinetics, J. Geotech. Eng., 118(11), 1837-1852 (1992).
4. R. Haus, R. Zorn, K. Czurda, and H. Ruthe, Electrokinetic trans-
port behavior of phenol in upper permian soils, EREM 2001, 3
Symposium and Report on Electrokinetic Remediation, Kalsruhe,

10.

17-1~17-13 (2001).

. Y. B. Acar and A. N. Alshawabkeh, Principles of electrokinetic re-

mediation, Environ. Sci. Technol., 27(13), 2638-2647 (1993).

. S. K. Puppala, A. N. Alshawabkeh, Y. B. Acar, R. J. Gale, and

M. Bricka, Enhanced electrokinetic remediation of high sorption
capacity soil, J. Hazard. Mater., 55, 203-220 (1997).

. B. Kornilovich, N. Mishchuk, K. Abbruzzese, G. Pshinko, and R.

Klishchenko, Enhanced electrokinetic remediation of metals-con-
taminated clay, Colloids Surf. A, 265, 114-123 (2005).

. T. R. Sun, L. M. Ottosen, P. E. Jensen, and G. M. Kirkelund,

Effect of pulse current on acidification and removal of Cu, Cd,
and As during suspended electrodialytic soil
Electrochim. Acta, 107, 187-193 (2013).

remediation,

. T. R. Sun, L. M. Ottosen, and J. Mortensen, Electrodialytic soil

remediation enhanced by low frequency pulse current - Overall
chronopotentiometric measurement, Chemosphere, 90(4), 1520-1525
(2013).

T. R. Sun, L. M. Ottosen, and P. E. Jensen, Pulse current en-
hanced electrodialytic soil remediation - Comparison of different
pulse frequencies, J. Hazard. Mater., 237-238, 299-306 (2012).

Appl. Chem. Eng., Vol. 27, No. 6, 2016



