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Role of Electrode Reaction of Electrolyte in Electrokinetic-Fenton Process
for Phenanthrene Removal

Ji-Yeon Park' - Sang-Joon Kim’ - You-Jin Lee’ - Ji-Won Yang™*
'Korea Institute of Energy Research
’Department of Chemical & Biomolecular Engineering, KAIST

ABSTRACT

The effects of electrolytes were investigated on the removal efficiency when several different electrolytes were used to
change the electrode reaction in an electrokinetic (EK)-Fenton process to remediate phenanthrene-contaminated soil.
Electrical potential gradient decreased initially due to the ion entrance into soil and then increased due to the ion extraction
from soil under the electric field. Accumulated electroosmotic flow was NaCl> KH,PO,>MgSO, at the same
concentration because the ionic strength of MgSO, was the highest and Mg(OH), formed near the cathode reservoir
plugged up soil pore to inhibit water flow. When hydrogen peroxide was contained in electrolyte solution, removal
efficiency increased by Fenton reaction. When NaCl was used as an electrolyte compound, chlorine (Cl,) was generated at
the anode and dissolved to form hypochlorous acid (HCIO), which increased phenanthrene removal. Therefore, the
electrode reaction of electrolyte in the anode reservoir as well as its transport into soil should be considered to improve
removal efficiency of EK-Fenton process.
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Table 1. Characteristics of soils

Soil type Iron . Organic Particle size (%)
(mg/kg soil) content (%) gand  Silt Clay
Jumunjin sand 3,830 0.036 100 - -
Bentonite 1,980 0.25 7 60 33
Kaolinite 40 0.12 12 71 17
40w A7l waket

2. AlgdiH

2.1. AEN =

Ao AL2EH 29EALS PAHs(poly aromatic hydro-
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e / or Kaolinite \
L, | -
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Power supply :

F1g 1. Schelﬁatic diagrém of test cell for EK-Fenton process.
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Fig. 2. Electrical potential gradient (a) NaCl, (b} KH,PO,, (c)
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3.3. Phenanthrene M|7{&

Table 2014 2EFHE F 279 L Ui F %71
WERs AAGE JeRAT, % Wl 2she
phenanthrene®] ®¥+ Fig, 40l Yehigit} dbkslais
7} AFREIRE A DA ke AU UM FL
AAEE Holal . ol IslAvt ol FehHA E
& U] H3} whgae] 4ts) elolzs Ak, A
= 4218} gltjzo] phenanthrenes AHERE-s|A127] W&
o}, IR} AAEIA B BN AR 7
T o HxO] AALE Holw Yud, olv EY
of F2ER] gk A2 E=A5H= phenanthrene®] 3=
o) 583 @7 $7 WTEE B8 WA e
Ao AlgEct. Al 71 Ashd oA, NaClo] AL

T T i . o, & B 7P = AAE(834% oPHE Holx 9
Time (days) .
Table 2. Removal Efficiency of Phenanthrene
400
© Electrolyte H,0, Filling  Accumulated  Removal
- 005 M) (%) material EOF (mL) efficiency (%)
f 300 1 - Bentonite 371 53.5
O i .
o NaCl 3.5 Bentc.m‘lte 340 83.4
3 - Kaolinite 368 419
g 3.5  Kaolinite 316 80.6
£ -~ Bentonite 277 30.7
Q .
2 KH,PO, 3.5 Bentc.)nllte 267 75.2
- Kaolinite 270 293
‘ 35 Kaolinite 255 70.6
0 1 2 3 4 5 6 7 6.0
- Bentonit 118 .
Time (days) en onf ¢
3.5 Bentonite 166 654
Fig. 3. Accumulated electroosmotic flow (a) NaCl, (b) KH,PO,, MgSO, _ Kaolinite 106 28.0
(c) MgSO, ( @: bentonite, water, V: bentonite, 3.5% H,0,, I: 35 Kaolinite 140 66.7

kaolinite, water, <>: kaolinite, 3.5% H,0,).

Journal of KoSSGE Vol. 11, No. 1, pp. 7~13, 2006



12 2] -

Finalfinitial conc. of phen.

0.0+

0.0 0.6 0.8 1.0

Final/initial conc. of phen.

0.2 0.4 0.6 0.8 1.0
Normalized distance from anode

0.0

Final/initial conc. of phen.

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Normalized distance from anode

Fig. 4. Content of phenanthrene in soil at the end of operation (a)
NaCl, (b) KH,PO,, (¢) MgSO, (@®: bentonite, water, V/: bentonite,
3.5% H,0,, l: kaolinite, water, : kaolinite, 3.5% H,0,).
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