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ABSTRACT

A three-dimensional electrochemical process using nanosized zero-valent iron (NZVI)/activated carbon (AC) particle
electrode and persulfate (PS) was developed for oxidizing pollutants. X-ray diffraction (XRD), scanning electron
microscopy with energy dispersive spectroscopy (SEM-EDS), and Brunauer-Emmett-Teller (BET) surface area analysis
were performed to characterize particle electrode. XRD and SEM-EDS analysis confirmed that NZVI was impregnated on
the surface of AC. Compared with the conventional two-dimensional electrochemical process, the three-dimensional
particle electrode process achieved three times higher efficiency in phenol removal. The system with current density of 5
mA/cm? exhibited the highest phenol removal efficiency among the systems employing 1, 5, and 10 mA/cm>. The removal
efficiency of phenol increased as the Fe contents in the particle electrode increased. The particle electrode achieved more
than 70% of phenol removal until it was reused for three times. The sulfate radical played a predominant role in phenol

removal according to the radical scavenging test.

Key words : Particle electrode, Nanosized zero-valent iron, Activated carbon, Persulfate, Electrochemical oxidation

1. M B2

B

Akl AElae] A71skeHA AeleAe &
AT TR SR 719 R AATFsA o
NEAsEA o] tijke g FE-S ROkt Chaplin,
2014; Bagastyo, et al., 2011; Butkovskyi, et al, 2014).
71818 FAL e, AstlN 218 5 e A
o] Jlom % AR frde] wslel B euEdES
A F e HeZE R JTH(Chen, et al.,
2018). 1Al X715k TS debEoR AAE I
8= sk §al HrIES A v Aol ot
(Radjenovic and Sedlak, 2015). ©]#3F Aol = &3}
I H= g Y 93 AREsY 22 des
3l AAEgel H&ak71el ofedwo] Utk 53] LEE

s
Ae] vt v AY =49 vheErt AskEa AR

*Corresponding author : ihwang@pusan.ac.kr

U

£o] Fragitt. olgjgt FAIES sldsl] Slsl 719
22 W=l wisl He HIEEAS YepE 32K d5
< &8s A7)k I S A7t JaEa ok
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S 228K Cu Ka radiation(h = 1.5418 A)yS 3o
2 A3 e SHAL 12 314 10° and 907X
AT 3 548 wlotelr] flall FARIARE
1)74(SUPRA40OVP, ZEISSYS ©]83l3om A= %
W 38hy 2A4E duA 4 3 7)(EDAX,
AMETEK)E AH831e] S43130t). W=7 o] fle 94t
57 Yieogrido] 29 RS vitidy 3=
Ry ggal 3= 2712 77K Ba FEE o83l
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Junsei) T-8N-8 WAA|eko 7 ARSI Eol4 875
mlol] AAE | ml 283 AR 0.25 miE Tsle] awk
T 2587 AxEIPTE. Q0T ol Aol o kA
o] ¢kEE & 400 nmolA] AL IIAIFA EEEEA
(Optizen 3220UV, Mecasys)s ©]-83l] S4=5 733}
Ak oMy F & He ZZ 1,10-phenanthroline
(99%, JunseiyS AFE3}] 510 nmollA AFe)A 7 PA13A
BIEEAE o] gdl] TS SN ke
AXFEF(99%, Junsei) 1% 8 5ml AlE 0.5 ml
£ 7le & daa ko 2 ogkge] 83iAIZ] 10% 1,10-
phenanthroline 8- 0.1 mlZ FYAHY. F 85 HFL&
TIPIEFI} hydroxylamine hydrochloride(99%, Sigma-
Aldrich) 5 1% =2 ¥ 489 smll Alge} 24
Aloks 7t

A=) A S S8 fEiM A REE A
Sk 3FH97%, Merck)® ek AXK60%, Junsei)e] &3
| (3:1) 40 mlo|A] 25°C 2717 wyksith, E3HE-S 30
E7F 90°CollA] 71E3F & 0.22-um PTFE ZEIS ARS8}
o] AEE ARt A3 AR 0.5 mbs oHIEAF 6 M
I} SBREF 5MS 11 HIEE 4J0] ke olEALE
UEFOZ dFd 8o ¥i 8P EF(97%,
Kanto)>Z pHE 302 2%} 0 & F §& 4 =
AT FYEHA Z43190HXu et al., 2015; Agustina
et al., 2015).
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Fig. 1. XRD patterns of particle electrode (NZVI/AC).
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Fig. 2. SEM images of (a) AC, (b) NZVI/AC and (c) EDS analysis result of particle electrode (NZVI/AC).

Table 1. BET surface area, pore volume and pore size of the particle electrode (NZVI/AC)

BET surface area (m?/g)

Pore volume (cm’/g) Pore size (A)

Fe 0% 1232.9
Fe 0.3% 891.9
Fe 0.5% 838.1
Fe 1% 628.7

32. 38 M5 9ot

PR SRS o83t W7|818He Lkslagel A
HE AA AFEIAE Fig. 3] YA vluE ¢35t
o =, AR, AF/RE 22 A8 3T 271A
[AE A3 34, T2la o] '§XEA] ek 4
ghs o] 83t T4 TiE AlA A o] YR
ole] w} W=7l HAE JAT] B9 e
7Hdo] gl AAA=RHD 10% A B2 AAESS U
BT o= vieedrde] Edetel 2X|EEA EA9e
o] mlzEHZ o] Z4d Z(Table 1)°] IS Aoz A7
g ok 22k 2A7IEEE E(EC)E FRl dlse
24X17F ool 30% ElESS Bt A7|skske 58t
2HEC/PS) FANE 23] AZ(EC)] EsjasHtt 3
H) =& B 88(90%)S Bth 1713b8H mshal &
HEC/PS)H PAHF/ZAZAHEC/NZVIAC/PS) 38S
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Fig. 3. Electrochemical degradation of phenol using particle
electrode (phenol: 100 mg/L, persulfate: 2000 mg/L, NZVI/AC:
500 mg/L, Fe loading: 1%, EC: 5 mA/cm? Na,SO4 50 mM,
initial pH: 3, temperature: 25°C).
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Al 95%°] ElEES Holn PARF ALY F8(EC/
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AR 4 A FOA(L et al., 2017).

AC-" + & — AC- (12)

AC-1t + $,0¢8 = AC-t" + SO,~ + SO, (13)
HhH QXA /B HEC/NZVI/AC/PS) 340] x4
F(EC/NZVI/AC) 3EL} slsislago] ¥ olf=
e 22 ol = FEddh. H&t ol 23t A
AE b o] e TS AsAA 28R
E(0=C-0), 7= 287153 22 A4 8715 SV
ZItkar B8 Ack(Liang et al., 2009b; Bandosz, 2002;
Salame and Bandosz, 2003). ©|23F &/F2] 2k 287
2 % 1Y SA4S STMIA & A Eold]
n2 G o QEEHe] FAEE AS Welgith
TS AR TSR ARAE A EEEC] e
&l 2% YRS ZAAIZItH(Pendleton et al.,
1997; Karanfil and Kilduff, 1999; Franz et al., 2000).
22H A7IEH(EC)E ARt wet A8 EaliE=
02t ¥h3-5 mE2e AR SRIFIT. AT TAH(EC/
NZVIAC)H YJA=/23H4E 37 (EC/NZVI/AC/PS)y
25 AR (pseudo first-order)S WEE AS &
T ot 223 A7REBN(ECyEZolxs Aol gt =)
AP 71ER v RS AT F8(EC/NZVI
ACPS)IME &g F&, A=t A5t T2ar ARl
o3 kst 59 whgo] HeAFlel we} FAHARRSS o
2E 08 FHHEG AT T AHARES &
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Fig. 4. Effect of current density on phenol degradation by particle
electrode and persulfate (phenol: 100 mg/L, persulfate: 2000 mg/
L, NZVI/AC: 500 mg/L, Fe loading: 0.2%, Na,SO4: 50 mM,
initial pH: 3, temperature: 25°C).
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Fig. 5. Effect of Fe loading on (a) degradation of phenol and (b)
decomposition of persulfate by particle electrode (phenol: 100
mg/L, persulfate: 2000 mg/L, NZVI/AC: 500 mg/L, Fe loading:
1%, EC: 5 mA/cm?, Na,SO,: 50 mM, initial pH: 3, temperature:
25°C).
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