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Abstract

In this work, we prepared a heterojunction anode with a surface layer of SnO,-Sb-Ni (SSN) on a Ti/IrO; electrode by
thermal decomposition to improve the electrochemical activity of the Ti/IrO, electrode. The Ti/IrO,-SSN electrode showed
significantly improved electrochemical activity compared with Ti/IrO,. For the 0.1 M NaCl and 0.1 M Na,SOj electrolytes, the
onset potential of the Ti/IrO,-SSN electrode shifted in the positive direction by 0.1 Vgcg and 0.4 Vscg, respectively. In 2.0-2.5
V voltages, the concentration in Ti/IrO,-SSN was 2.59-214.6 mg/L Cl,, and Ti/IrO, was 0.55-49.21 mg/L Cl,. Moreover, the
generation of the reactive chlorine species and degradation of Eosin-Y increased by 3.79-7.60 times and 1.06-2.15 times
compared with that of Ti/IrO,. Among these voltages, the generation of the reactive chlorine species and degradation of
Eosin-Y were the most improved at 2.25 V. Accordingly, in the Ti/IrO,-SSN electrode, it can be assumed that the competitive
reaction between chlorine ion oxidation and water oxidation is minimized at an applied voltage of 2.25V.

Key words : IrO,, SnO,-Sb, Water treatment, Free chlorine, Electrocatalyst

LME

et TR0 FellEdyt Wteld Edol =3t
A Hlo] viE o] S7HEHA] olE5S A8l
Attt A7 7ol e Al It Baver and
Fallmann, 1997; Gupta et al., 2012; Chaplin, 2014). ©]
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Anode, DSA)2 k2 ALAEREZ Q](Oxygen Evolution
Potential, OEP)Z AAEAY-E U oAy g Aoz
el QAT A2 8] HAo R Qg A u)
4 eFsl Pl EAe] 9lof o] sl §)
3t ofy] WHEe] dqtEal i (Comninellis and
Vercesi, 1991). 7L = Ti 7|3 Ir A8}&2 FEslaL
2 9ol o7 E5& VR FE3E TiIr0y/Sn0,,
Ti/TrO,/Ta,05/Ti0,, Ti/Ti0,/IrO»/Ru0,, Ti/IrOx-Sb,0s
-Sn0,, Ti/Ir0y/TiO, A= Fo] /H= 1L, o5 A=
= QP A H A gl el A
o7 ®HIEQTKChen et al., 2002; Kim and Park,
2009; Chaiyont et al., 2013; Wu et al., 2014; Rye and
Hoffmann, 2016; Chun et al., 2018). ©]*%|™, DSAY]
of F7H o Y HFUFTS Ko F o8 PGS
2405}, DSAZe] 858 WAlshe S0kt oae o
tH(Cho and Hoffmann, 2015; Lee and Park, 2020).
e, ERZols BHALF] AR 2o] A5}
(R)7} kS 0] Qoful7] o] :4je] Htow
8371 gl Qacles] Aol we ATEA

(selectivity) S 711 FE 7faraliz Zo] sy,

Cl' + H,0 — HOCI + H" + 2¢ (R1)
2H,0 — O, + 4H' + 4e (R2)

ik oz QP ol L7t TiOy U SnOx 3-8 3
o go) AMgaln, o)Se AlRe HEuE £
7188k o] 943t HHE S ASH A=
7 @A 23 Sl Utk 2L 5 Sb-Sn0, AbaEAY
(Oxygen Evolution Reaction, OER)2] =2 7}72QS
2 I8}l DSAHSH(IrO, T RuO,)Ert F40]2(Cl)
O] Aglo]| Al do] ot e HEAS autr o= Fafist
= Aoz d#A QItiKim at al., 2019). ESL
Sb-Sn0,9] s o A7 8l tE 2%
(co-dopant : Fe, Co, Ni 5)& 37}6h= A7} 28]
221, Sb-Sn0,01| B3} Fe-Sb-Sn0,2} Ni-Sb-Sn0, =
= HhselRkEe] wallsol 3ulet ovff ot S7sieict
(He and Mho, 2004; Yang et al., 2014). 6% S<&=0)
(Fe, Co, Ni, Ce, Ru, Ce)E 37151 Sb-Sn0, Z1}|9]
A71skekA 54 9 0 fE4 Eolte= vlalgt AufofA

L 1% Nio] 2715 Ti/SnO,-Sb-Ni Zj7} t}2 A7)

ofM

ol
K

mio]] Hlal &2 H7EAS 2 Alem HuEglt
(Yang et al., 2012).

whEha], 2 Aol A= Ti/lrO, $lof] 71524 4
5ol $5k ez Al Sn0,-Sb-Ni (SSN) Full&
A=50] EHFoR Agsf Hrt olF F8f 1) NaCl
ﬁﬁﬁ;f——-_]il‘ Na;SO4 ;ﬂgHé_]Oﬂ/‘i Ti/IrO, ;ﬂ%ﬂ} Ti/IrO,/
SSN 0] T7jsiekd S4S Bl 2) Bkle
Z0] A} of A-Y(Eosin-Y) 9] Halls-S AW
At 3) TVIr0, A=+ 7|&0 =2 Ti/lrOy/SSN H=-9]
SRae] A o2y o] Bas g wlmelo]
SpgRIae] Aol S MBS 710 HbHere oF
opEQITE BlEo] 4) BIHAA Na,SO, Aol 4] et
¥ RNO (N,N-dimethyl-p-nitrosoaniline) £3l55-3
Aalsict

i

PN

2. M2 ¥

2.1, Asir=

H oTLo]| ARt Ti/IrO, 2=+ Ti mesh(20 mm x
40 mm) = Z7¥(pechini sol-gel method)o]] 2]} A&+
399t Terezo and Pereira, 2000). Ti/IrO, H=Y o]l
Sn0,-Sb-Ni A7|Zu}ES glolE% YFE|(dip coater,
olZFgA, EF-4100)F ©l8sto] ARtelgict. 1 M
SnCly-5SH,O  (98%, Aldrich), 1 M SbCly (99%,
Aldrich), 1 M NiCl,-6H,O (reagent grade, Aldrich)
BHS A3} 95 ¢ 5 ¢ 1 BujulgR 38 SnO,
-Sb-Ni 8-S A|=513ict Al =8 TVIrO, A
= 2 100 pm= 52 GASHL GAIH H=E 45
0T, 105 B3t FAE]sIgit. o] A 5 HhEsto]
ZIsstelom, upR|atoli= 1AI7F &<t FA2sirt. o]
o], W= A Ti/lr0,2b Ti/lrO2/Sn0,-Sb-Ni
(Ti/IrO,-SSN) & LFERyQIct:

22, A I FAHY

H 941=20 mm x 40 mm Z7|(Z4HA 20 mm x
20 mm) 9] Ti/Ir0,2} Ti/IrO,-SSN(ZF5-A), 5=7]
9] AE|Qlg|2s AE(stainless steel)(ATH =S AR8-3}
AL, A= 2ke) Agls 2 mm, BES719] Faj= 100 m
B I 1 s U AR A LTSS = e S B v B
(Ivium electrochemical analyser, Netherlands)E AME-
o] AHFFARELH(Linar Sweep Voltammetry, LSV)
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O 7 3SR, AU, 7Ieds)es S48t
a1, 71EH=e o) Zh2 A=(Saturated Calomel
Electrode, SCE)E AME-31SITt

A FAZ0] AT o 2 A-Y (Bosin Y) 2] Ealls-o
AAZIE ARES] 2353, A e=
2.0V,225V,2375V,25V & 543101 0.1 M
NaCla} 0.1 M NaxSO; HolA 31 A5 st
of alelglon], Bars s Ueholc. BT
HACH DR300 pocket colorimeterE ©]35}] DPD
(Hach methods 10102, 0.09-5.00 mg/L Cl)§jo& =
golelar, 4% DA YPaFS HOCL, OCl 5 219
AFolt. 7] RNO (N,N-dimethyl-p- nitrosoaniline)
O 0| 241-Y 8] 5= 22F 50 1M, 100 M o], ol=
F-+= UV-VIS spectrophoto meter(Lambda 950,
Perkin Elmer) & AE3510] 440 nme} 517 nmE 2735}
RIS AMgSle] SR Lehuoick

3. Zih Y nF

3.1, M3 £ gt

APFAPALH(LS V) YAsH X915 71l 54
of AkealE S Wl Qlaolet Bof
718t ARbSS olr] Slsl IO, A
Ti/lr0,-SSN A8 0.1 M NaCl @44 At 0.1
M NSO, H| A s 2oflA] 10 mV/s] AL
&g A59 LSVE S4s3lck(Fig. 1). TVIrO, A=
2 AZFHQ(onset potential)7} 2F 1.0 Vscp2 A3
Zboliz AJol} RIiek oo Hte] TlollA] Qs
oleo] Alsle} 2o] Ak} NS S ek AL o
2= Sl vhdo]l, Ti/IrOx-SSN 252 Ti/IrO, =0 H]
3l NaCl dsfiEofdd= ARPA9I7F2F 0.1 Vice, Na;SO4
SR AASI T} oF 0.4 Ve o] Hako o]
F319iTk ol= Sn0,-Sb-Ni Zuljo]) oJa] FHZ0] Ak
SIS} ol Ao AlREIc). Qlaolee] Alsje}
A1) SPIAS} Ao} L e 7}
A Etk Lee and Park(2020)2 G4A As&a} v
27 Zsffof A AR f1e] Al 7t = o]0 A
slof digh Aol F7Retttar Harsieict. Ti/lrO,
-SSN A= 7 A 7t 0.3 Vser A7} YHE=
Tilr0, i3] wls) SHAELTo| Bo] Wlet Row

stk
120
Ti/lr0,_Na,SO,
10091 _ __  Tilr0,-SSN_Na,S0, /
%0 | Tilr0,_NaCl 4
e ] amoo-- Tilr0,-SSN_NaCl V4
E A,
S 60 /1
< Y
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Fig 1. Linar Sweep Voltammetry (LSV) of Ti/IrO, and
Ti/IrO,-SSN electrodes in 0.1 M NaCl and 0.1 M
Na,SOy at a scan rate 10 mV/s.

3.2, Q7IXt0| ME HAA AStr| MM

0.1 M NaCl ZsZojlA Ti/IrO,2} Ti/lrO,-SSN A
=2 o83 PIIN(2.0-2.5 V)of we} EHAF
(FHD) O TS AT Fig. 2). A7]338
O] Azto] Z7IRlol Wt S HaF- A A om
S7FlcE EAHAET2.0V,2.25 V oAM=+
A= wF o] A=A, 2.375 Vel 2.5 Volk=
Ti/IrO,-SSN A=+ 60.6 mg/L Cl,, 214.6 mg/L Cl,Z2
Ti/lrO, =0l Hlsl| Z/dHaFo] Aol oF 3.794)
o} 4.36H) 271314t} 50 mM NaCl sl 2704
Ti/IrO,/Ta,05/Ti0; A= 1.38-2.5 Vel W2t 58]
&ao] 0.11-3.82 mol/h-m*7}F A=, 40 mM
NaCl A& z4ef|A Ti/IrOy/Ti0, A=E Ti/lrO, A
=0 vl3) 2] Hage] Wleko] 28% F7F=|qirtaL B
JIEYtHRyu and Hoffmann, 2016; Chun et al.,
2018).

Hong and Cho(2018)= o|&43g} Alskd=olA] 5
contact)2] &JgkS- 531 HHZ
A AR S AR IR Stk maslel
0|5 Ef|Z Comninellis(1994)2] AN 2 {7
AFBRIFS T} Feng et al.(2016)9] SAAEET AHH5-0.
2 753 & 4= Sltk SnO,-Sb-Ni EHMO,)0lA &=
(H:0)2] 230l 2J3]) 4315f}r] 2hydroxyl radical)o]
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Fig 2. Time-profiled concentration changes of free chlorine at (a) Ti/IrO; and (b) Ti/IrO,-SSN electrodes in 0.1 M NaCl
according to applied voltages.
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Fig. 3. Time-profiled concentration changes of Eosin-Y(100 M) at (a) Ti/IrO, and (b) Ti/IrO,-SSN electrodes in 0.1 M
NaCl.

F2}E|IUR3), o]oiA] AlslElo} Ao 2R AkavtaE AlY(Eosin Y)9| Bals-S ZARBIACKFig. 3). T A=

At oluf 2k MOL(-OH)7F MO, & H3lo] 2| W Aol o 0] ALY &) Halrt S5k

oI%]o] ARARPY(RS)ELE Faole ABHRO)S ZXIA| ZA7183) 2417F & Ti/IrO, 3} Ti/lrO,-SSN =2 of| 2.

7 B HATY] o] SRt A 0% Wtk A-Y(Bosin V)2 £alfso] 2.0 Vo= 12.2%2
14.5%, 2.25 VO A= 15.9%2} 34.2%7} 7+t

MO, + H,0 — MO,(‘OH) + H" + ¢ (R3) 2.5 VOl A= Ti/lrO, Z1=-2- 80+0], Ti/IrO,-SSN #

MO4(-OH) — MOy, + H + € (R4) = 602 F-of] 100% A|AE] ek NaCl Hsfdofxl=

MO,.; + R = MO, + RO + 120, (R5) Haxolo] AlshRge] ofsf LTl A=

MO,(-OH) +CI' — MOL(HOCI) + ¢ (R6) R1), AP BAPLTL ofeql-YS AsiA )
7} dofdtt. Tt Zete] wiet of @A41-Y 9 Helfe

G ool BEF, A= S 5 IF=

3.3. NaCl HMai& ZZoM of|_A-Yo| Balis
0.1 M NaCl HajdofA] 2ol wet 100 uM of| &
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Fig. 4. Time-profiled concentration changes of RNO(50 M) at (a) Ti/IrO, and (b) Ti/IrO,-SSN electrodes in 0.1 M

Na,SO, according to applied voltages.

HlAR= QA Bol A 271E el Sel
Th= YA = ottt

3.4. Na;SO, TsliE ZZ10|M RNO Eslis
Qo] whe} Na,S0, Asf &4 50 .M RNO2J
352 ZARIACKFig. 4). @40] 0] = Na,SO, %
| Rlof| A= Tl/Iro2 4101] H]3}| Ti/Ir0,-SSN Z=-9]
RNO #3li50] 25 271 8 37 Zo|7} UA] 243k
c}.

ol B ¢iro] 917FAIgte] 2.0-2.5 VE =2 Alsld
912 7} OH- HLY(E° = 2.8 V)2} 2}0]7} 9lo] RNO
ool A PFE A G A 0= ekt NaCl A
2L AIFHO| A FAEAIZS AHAIBIAYE Na,SO4
A2 = A ABHA|S] Adoll 213 HelsiA]
o= M R UdEA Qlo] LHEA] o= A
A7 QAR HEg-0 2 ZsE th(Rajkumar et al.,
2005).

o\

-—

0|I

3.5 QI7}EA0| M2 Ti/Ir0~SSN F=2o| Mssta

Fig. 29} Fig. 30i4] 1 e} gho] Hgto] Aol uh
o BPLE] AAT o 0ALY ] Halise 571}

St} TIIr0, HA=E 71&(Mninon) 22 S B4AF9]
M)t o 241-Y O] 3 s M)E Ti/lrO-SSN Z=
(Mirimo2-ssnp) 2= LHFo] ZV]W@ e Hlusiel
th(Fig. 5). °]= Ti/lrO, A=tH] Ti/lrO,-NSS Z7|&

e z7]epe] HEE Auw wh a0l 4t

SRRSOl 2 S 7H - A Yok 1} gt
o} I7PASR oSS0 & A, A= HallE A
o)) HAHY, Halde] B4 5 ==
o, o|2 QI UL A, =AUk, ed=d
el 5ol %‘?%kg H - E=ok TVIO, A=t
Ti/lr0,-SSN H=2-2.0V,2.25V,2.375V,25V A
QoA AAHRIEES. 471, 7.60, 3.79, 4.36H], of 2
ALYE 1.18, 2.15, 1.61, 1.0682 HE Z2tof| 4] SSN
=gof ofaf| 713kt o] FBlskA 7ok Ae
2 etk

mmm Free chlorine
3 Eosin-Y

M [Ti/IrO,-SSN]I M [Tilro,]

2.0V 2.25V

2375V 25V
v)

ceII

Fig. 5. Ti/IrO,-SSN electrode with respect to Ti/IrO, electrode.
[M] is concentration of free chlorine or Eosin-Y.
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o
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0] SIS H¢tol whet Z7tsliok EA]
Atelah= 2.25 V7ZIR] S718H7F ThA] Wl
LFERTE o= LSV AJZPH9) 9] 2jole}
2 HU2.0V, 2.25 V)ollrl= B4kl g
o] AAES oA B4k} HRgo] AlSHE] 917
[Zo]tH(Fig. 6). WhHol =2 HM2.375 V, 2.5 V)ol
A A AAT] SR WolRl=t|, o= Alshit
SollA] EAAAT Lol T2 ANIE 71 Tekst
RYFE(EJAE - OOH', 0,7, Hy0, 5)°] Ad=o]
AT Aedo] Wolxl AoR Kl o] F
2.25 VollX] Ti/lrO, 1= tiv] 7.6417} F7Fsto] 24 <
2o gk Aeido] 71 =2 A 0 = wickE:
of| @AY 2] Holle-2 S Aol WA -FARE
2 oA, 2.25 VollA] o @AY 9] Hallso] 2.15
HiE 7 ket o] 24, Ti/lrO-SSN =2 Q7
9225 VY uff dasol2Ailslet BARSe] ZANESo] X
A3fER= A=

itk

=
re

Ir
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Fig. 6. Schematic illustration of the electrocatalytic reaction
mechanism.
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17] €18} Ti/lrO, A= Ao] SnO,-Sb-Ni (NSS)©] %
52 2 o5 ¥ BRel] o) Azt
A9H2.0-2.5 V)ol| wlz} NaCla} Na,SO, Haf ol
LSV, A HAF(reactive chlorine species) A4, o2

N

Ha

ALY Halks, LAl HaolAle ZAkeke] At
A7 HHALS Yolrslel. ATk o
Edy=
1) NaCl¥} Na,SO, A3 2lo)| A Ti/IrO,-SSN ZH=+S
Ti/lrO, Z=of Hlsl AJZFA9)(onset potential)7} 0.1
Vsce, 0.4 Vsce B o] WIgEo & o533t

2) Ti/IrO, A=} Ti/lrQ,-SSN H=tol|A] EAj A%
2 0.55-49.21 mg/L Cly, 2.59-214.6 mg/L Cl,7} A

=it

i
[e]
[

7}

[e]
=

=)

3) Ti/lrO, AZE 7|20 & Ti/lr0,-SSN H=e] &
AT WAL o @AY Eelks-S vt At
3.79-7.60819} 1.06-2.158) Z=7}19icl. HopHz
225V A ufl 71 =9kon, Yaoleo) Akl =
S AHS 7 A & 5 Ak

AR =

o] 5o 20185hA % AR et LYY ek AIALY]
A gulef] &Jato] At Yl
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