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Abstract

To increase electrolysis performance, the applicability of seawater to the iron-fed electro-Fenton process was considered.
Three kinds of graphite electrodes (activated carbon fiber-ACF, carbon felt, graphite) and dimensionally stable anode (DSA)
electrode were used to select a cathode having excellent hydrogen peroxide generation and organic decomposition ability. The
concentration of hydrogen peroxide produced by ACF was 11.2 mg/L and those of DSA, graphite, and carbon felt cathodes
were 12.9 ~ 13.9 mg/L. In consideration of durability, the DSA electrode was selected as the cathode. The optimum current
density was found to be 0.11 A/cm? the optimal Fe** dose was 10 mg/L, and the optimal ratio of Fe*" dose and hydrogen
peroxide was determined to be 1:1. The optimum air supply for hydrogen peroxide production and Rhodamine B (RhB)
degradation was determined to be 1 L/min. The electro-Fenton process of adding iron salt to the electrolysis reaction may be
shown to be more advantageous for RhB degradation than when using iron electrode to produce hydrogen peroxide and iron
ion, or electro-Fenton reaction with DSA electrode after generating iron ions using an iron electrode.
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22 oufele] EARI] T B
3 Q= ol w38 8 R 8
7o) EAlskE 49 elEute) v wAel
s, o] & s dstz| flsl MAlg] 57do] Bt A
HE3 QIci(Hodgkiess et al., 2001; Kim and
Mitsumasa, 2004). Axg] 340 2= S3]-gGofa}
Fo] QubRIY, g 1RE AL FEHoluz
F|oll= 8 IS AASH | $13 v Hal, &
ARk B39, UVIO;, UV/H0, B4} 28 TwAls)
Ae] FAE A=A ek

AL BYEo] 25t A] o] QPR 9l
Aotz =2, QFAsIal a84Q1 sk =50l Bp2lolA]
Tt Y e F0E 3l e SiAEEA
2 WA 5 o)1, Sl Al A, B sl
SHI8E 4= QItl(Korea P&I Club, 2017). wahbA] =24
A7 |9HIMO, International Marine Organization)+=
20041 AbRRel A0S B4 W BelS SIek A
ks Aeieh, AgaEs Bel sol=elele Al
SIQIcE AR A2 Vs 5 eEw A7) Vs
o] o 40%% Aokt ke A= s Aol vt
e wolie) gl s Rt AolckKim et
al., 2012; Jung et al., 2014). 2017d 9 8 =+AshA}
717(IMO)2] At 2] Bofo] WA 2024
| 9 797 eAA o= g A2 AdulE A
spol] Axj3ok 3ick. A Helol w2 AT
IMO D-2 7|5ze]] gt 59l whe AHPg g A2l
X2kl sl eke ul=ke] AFAH|T)(USCG, US Coast
Guard)®] 7|52 whz Asto] glom, ul=4Hrt Q17
3= ESJAIE7]ZHIL, Independent Laboratory)2] Q1
%0 R YR AR ARl ol 8ol v
of qlrk nlF HRE A5IES FlEurt 23l
100817k2] Z33hA)7 | e JQke TSl Q)L vl st
2104 1,0008i(USCG Phase T)717] 0= Blobz 7
E5]31 Qe wbk] USCG Phase [0} 2136t A1)
B4 A7l 7o) B4Rl A=l e(Kim, 2012;
Kim and sung, 2012; US NARA, 2012). 20124 9
A4 IMORE FE| 712571 ol Bk A=
38700, 2F5eE S AePdl= 3 25710k
7RIS HR 3871 7, TiE] Aol Atk A7)
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2] F570] IS ARNGSh= Y 67, 71E o) 3
o] i}, AR 7 ofs ARFERS A leEs
71&9] IMO D-27|&2 WEESl= 7|<=2X USCG
Phase I[oflA] @585k= 1,000812] A& AP aaS vh
Z£3}7] o]HtiKim, 2012; Kim et al., 2012).

Z|Lolli= AU AR 9] s 7iAdsk] 9
slo] A7l 5780l COE Z7Isto] 349 o=
JWAEK= A7 Cha et al., 2015), LET} A7|Ea] 24
9] Est FA(Jung, et al., 2013), UV/H,0,(Moreno
-Andrés, et al., 2016), 237} F=0) 34+ 34
(UV/Ag-TiO,+0;, Wu et al., 2011) 5-2] OH tjZ9]
AAE 131 B3 37 5o Hol ATEm ek Tl
A 7V B S90S e bl BHL sloj=sAl
2JTIZ(-OH), slo] == EAZH(-O0H) 52 2h|Zat
s E NaCl 714 HAgs}= ClO,9F HOC} 22
oA AR W Tilepar W 0F 5O AkaA| 415}
A7} ¥ EHH(Kim and Park, 2011).

2 Ahs A0 e S7IPI7I fIskel A
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7= 63 x 115 me]al, A= 7HA2 5 me|iet 2 A
Aol ARERE K= B i mE ARESEo] AlE5HTh
Sl 21 SleiA] Aol ARESE NaCl: A8 o
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AT AR T AR WE(0.01~0.13 Alem?), Fe' &
U5 ~40 mg/L), F7|%H0~5 L/min)&| Hs}of| whe
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Axstodr). Eat Bah ARl AlslA|e] ke Akt
7] Slslol 7 dalAel mlE TPISst TRO
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Fig. 1. Schematic diagram of electro-Fenton equipment.
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Rhodamine B (RhB) “5&=+=UV-VIS spectrophotometer
(Genesis 5, Spectronic)E AFE5o] RhB2| Fofj &=
421 554 nmE Zsjo] LS Aol e
YERAATE H0, 42 1 M NaOH 50 L& 3715}
o] phenol redS &) oz HRAMAIA UV-Vis
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Park, 2007). Fig. 20]] =0 & DSA =, 208t
DSA, 34, ACF, Carbon felt 21=-& AM8-3}31 Fe*™ 20
mg/LE F7IRE A7 ]-wlE Hhaa vlns ffsf) AdEs
USHA] o2 o 718l 38(H=, DSA-DSA) S| 3}
Al3l4=as A4(a)F Rhodamine B %%(b) WS} Liek
Wiek
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(11.2~13.8 mg/L)7} th2AJ7t 7 sf] 37gnt 285t
FEO s ke F7F WA vERTE
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Tt Ao g AE At Ganiyu et al., 2018).
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ig. 2. Effect of anode type on the H,O, generation (a) and
Rhodamine B degradation (b) with electro-Fenton
and electrolysis process (Current density, 0.05
A/em?2; Fe*" concentration, 20 mg/L; Air flow rate,
1 L/min).
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Fig

. 3. Effect of current density on the H>O, generation (a)

and Rhodamine B degradation (b) with electro

-Fenton and electrolysis process (Fe*" concentration.
20 mg/L; Air flow rate, 1 L/min; Electrode
DSA-DSA).

A7FolA 25 RhB %2 7k 3.7 mg/L9} 5.2 mg/L
2 Ui} 171 1hgo] ok 94 7o Ll
t} A7|-HE FA A 0.11 Alem®T} 0.13 A/em®Q)
RhB £alli= 27 HRg45Rt ot Zjold 1 602 o)
O] WkSA ol A= X5+ RhB “5%=7} 3.26 mg/Le} 3.21
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A7]-AE B 27 Hhg<: S7HI71AL 2
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Park(2008)-> Ru-Sn-Ti =S 0]-83t A7]-3= vk
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. 4. Effect of Fe*" concentration on the H,O, generation
(a) and Rhodamine B degradation (b) with electro
-Fenton and electrolysis process (Current density,
0.11 A/em’ Air flow rate, 1 L/min; Electrode,
DSA-DSA).

AREE 1282 FojEral Bausigle). 2 Ak 27] §F
&L F7 k= WEE|G O XF RhB Fle= FALSH
Al EFEAL, 100% A[A 0] 22] Z513ck Kim et al.
(1993)2 44 = o]5le] NaCl HEollAl= NaCle]
ZAsfjol] oJsf] A Has, Aobarit B Faik ol 7
st AksteEat
9k 47 st o1de] NaCl F=ollA= 2(2)2F
HEgo] WAysto] H o} 2-0] Hapdhs 3
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3.3. DMAkeREA AL Rhodamine B 23101l LS Fe?
Sko| J&

22 o] AFUER AHEH0.11 A/em’ol|A] A7]1E3)

A3} Fe*' $eS 5~40 mg/L2 WSIA)7|HA 7]

HLE F7gox Y] THislpar A 59 RhB 5= ¥

3= 217} Fig. 4(a)@} (b)oll Yeh itk

AR TPAFS]A0] 7 Fe? o] FQlE|x] oo A
7183 342 Irkslpd St 7P w9koH, Fe?'
7}5 mg/Le}t 10 mg/L F9J% 7-9-2] dpilslaa A4
S& 4t 37 UdeRg o, 10 mg/Lopde] Fe®' 5=
oA A IlBfea T s Fole ZoE U
sk

Fig. 4(b)]l Fe*%5=0] w2 RhB F= W3S e}
Wit} RhB= A7158) 9hgolA 71 Le|A] wali=]
= 20 Ve 9029 Hhg- $ 27 RhB 5=
52 mgLE 89.6%2] AALS YePlt Fe*' 7t 5
mg/LERIE 204 ¥5=rt STl o, 903
% ZH5 RhB 55 2.5 mg/L, 90%0142] #7182 60
%, 95%2] A7 9022 UeRdth Fe*' £l 10
mg/L T ¢ 7] vkgSer w2 Z7181] 20
ZRkl 96.1%2] AAES UERSIAL 90% & X
RhB 5% 1.2 mg/LZ 97.6%2] AALS VeER|S)
t} Fe*' £9lgko] 20 mg/LE Z71E uj RhB Hall&e
7F AN 902 ZHF RhB %+ 3.1 mg/L=E LEr
U 93%2] AAES YERQICE Fe*' R3] 10
mg/LoVdolA= Biee] $7REE 27 Ealbert
LoX|al 25 RhB 52 57l6k= 208 tehd 2|
2 Fe?' EQJ2RS 10 mg/L 2 Th=|3ic)

Fig. 4(a)ollx] Ao] FAEA] 9= A7 EslRESolA
202 52t el Ik Fes oF 10 mg/Lo|
1, #A Fe*' FURe 10 mg/LE Veh Fe?' Felek
W IABlpas FEs 110] ZAH|Q] A o7 =gl
t}. o]= A 2dat vhgAe] thE 27]-HlES o]
23} RhB2] E3}|(Kim and Park, 2008)2] 739 & AHt
29] T HESo A RhBA|E]o] Badt 24 Fe*' 5
o} TASKEA =7} 1 mmolo]gkal ¥ 13t Kim and
Park(2007)7H= 2= AVE VERYQILE 24 Fe*' &
%91 10 mg/LoAollA] =@l 7] Uk ol 90 &

of

&

=2 2+ RhB Ft= e Whgol| ARGE|A] ok Ho|
A7-HlE wksollA AR OH 2oy} Hhgsh=
scavenging @VHE LERYY] il o= | giet
(Chung et al., 2009).

N

3.4, DAISHEA MARIL Rhodamine B 2aHof CHEH 2
7| S g

B& A7) nf ol A HAYShs S o[ (H)
I S=ollA] BAYRE ckas Bl o]l B 4kTE 2)(3)
1 o] skt Hhg7] Ui(in-situ)ollx] ALA S
2 A= (Ozcan, and Ozcan, 2018).

A 50 Ak Fes IhkRleae] A
RhB 8o Fd= & = 3k

T

O, + 2H +2¢ — H,0, 3)

Fig. 50] AHYE 0.11 A/em?, Fe*' %% 10 mg/Loj|
Al ek 8 Ak IS 913 3] sl T
prks}as A4 52} RhB 55 $31E Fig. 5of Uet
Wik Fig. 5 (a)ollA] Hizo] A% diislea 5=
= 3717k Sa A & 2ol 7R 1A veba,
90z ¥ 35.5 mg/L9| 1islpart A= St 57
el 1 L/minO2 F718PaA 90% & apilslapas
S5+ 38.5 mg/LE YER} 9F 8.5%9] ISk =
27} S7F6ISAL, 1 Lmino 3] 57] Fagollie A
A1) Z7F5te] 5 L/minof| A= 13.2% 5718

Fig. 5(b)of] UFERd Ble} o] RhB 5= Hsk= 57]
7t FaEA & A 3717 saE AR 27
v} el ek 2717t SRR e A9
90% % Zb RhB %% 2.02 mg/L= UEptoL), 2
7] 339F0] | L/min©& Z7}31H A 2029] 2+ RhB
=57}2.18 mg/L, 90% =126 mg/L& LJER} HES
FTHNO] T WoRl= A o® Uyt 1y ¥
7] 853%°] 1 L/minoj|A4] 5 L/min® 2 Z7}5PH A RhB
2ol A ALY A vt A el &
7] Fag<= RhB #aljof] ks 4] Sk A o= 1
B, Tlslaear A8/d3 RhB Eafiol] gk 24 371
FTE2 1 L/min 02 TE|Qc

Perez, et al.(2018)2 Ti/IrO,Ta,Os5(%=)-carbon
felt(2=)S o83t %7]-HE ¥4 2] Maleic acid 53|
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AFE]7] wiolela Buskack AA &% o)AlojlA
TOC Al7= Hl oV S715HA] ehk=, Rksoll Zagt
&E s ARSIl w5k wholetal shgich
¥ o 2710] B0l it 8 Ak Sl

5ol &3S FANE A7 Esfoll A Akt Al oz
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Fig. 5. Effect of air flow rate on the H,O, generation (a) and
Rhodamine B degradation (b) with electro-Fenton
and electrolysis process (Current density, 0.11 A/cm?’;
Fe?" concentration, 10 mg/L; Electrode, DSA-DSA).

3.5. EXEZ0M OH ZiCiZ MY Hlw

-HE 3o Hlw

3 Hhsollde A AleiA, AR AleiA

n
3

T2 X7
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