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TECHNICAL NOTE

ZuAd AFHE A= (DSA, Dimensionally Stable Anode)2]
754 HIAE 2RI Ao #EE 7|2 At

A Basic Study on Accelerated Life Test Method and Device of
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Abstract

The lifetime of the electrode is one of the most important factors on the stability of the electrode. Since the lifetime of the
DSA (Dimensionally stable anode) electrode is long, an accelerated lifetime test is required to reduce the test time. Beacuse
there is no basis or standard method for accelerated lifetime testing, many researchers use different methods. Therefore, there
is a need for basis and methods for accelerated lifetime testing that other researchers can follow. We designed a reactor system
for accelerated lifetime testing and planned specific methods. Reactor system was circulating batch reactor. Reactor volume
and cooling water tank were 12.5 L and 100 L, respectively. Electrode size was 2 cm x 3 c¢m (real electrolysis area, 5 cmz). In
order to maintain the harsh conditions, accelerated lifetime test was carried out in a high current density (0.6 A/em’) and low
electrolyte concentration (NaCl, 0.068 mol/L). Maintaining a constant temperature was an important operation parameter for
exact accelerated lifetime test. As the accelerated lifetime test progressed, the active component of electrode surface was
consumed and desorption occurred. At the point of 5 V rise, corrosion of the surface of the base material(titanium) also started.
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Fig. 1. Schematic diagram of electrochemical reactor.
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Fig. 2. Schematic diagram of apparatus for accelerated life
test.

Aol o83 MYt ARTFS 25| flgt o
] B|AE A3}, NaCl 4 g/Lo] A2 Ao A=
Srgo] kel wjo] HQF A5 V) ofA] MY sV
g aresto] A 3R] Fa Ayl 50 V
oke] Z9k 7+l 10 V Frert Hleg 27] A
33-35 V& =9 7K 4= Qe AR 3 A(06
Alem’)E Q1718te] AR sHeC

23. 24 Y &H

SEM-2 FESEM (Field Emission Scanning Electron
Microscope, HITACHI, S-4300, Japan)2 ©]-8-35}¢
W39 mug Bgslgov), W39 mw BYe
EDX (Energy Dispersive X-ray spectroscopy, HORIBA,
6853-H, Japan)E ©]-8-5}%] 453tk

3. Zut & n¥

3.1. ojt] 7t HAE

A A2 6 mol/Lo| FAHGNE g3l 5L F
o] 3|8A "R37]9} 10 em x 10 em =7]9] A
(Ru-Ir) AF-& 0]-83} 715 =1 HIAE7} 15 A(0.15
Alem’), 27] A%} 3.3 VoA AAaick de 35
T oF=at MY w79 AA Fio] A Wk o
717} @ol WA El= A @A o] AL T 2=
o] A= AAZE AF 158 vho] Hoka] wA|sH 2
358 3 A= YAE oA AERh 0] 20~302
Aog FEIt 2] AT YAE AR F Z
103.58 thof]| AHS Fosdic). Eolet A2 A9
AlZbol| wheh ZQto] Al Wobd Ad FH Al 2.
V7HA] 2453t ol AE|9le] A AE R o] Foj7
A AL ot Fakgolo] A7 AEES o A
Qo] Zast Aoz AYZE|QUTHChen and Chen,

ol

N

)

A S AddolA AF{7F YT =oF d5o] B
AcHL #dsto] Ru-Pd FE0.2 o] o)X B A%
Argate] Adatoltt A HollA] Ag MRt vs
Erhal whste] B =9 A9 dafd s 94
a7 FAIBHHA MR 21 gslele] 28 ARE
5 A(0.05 Alem) 2 Yo} Agslgon o 24
A-22.3 VoISitt. 2|y B A= A 24171 Rt

Mt o



470 “%
A2 A7) == SAro] AlEEE oW, 6.8 A7l
A3 AL ol Fpe] o) sof o] wyst
Ak 7.6412kolli= 279} Al nhe R G
EE9lon, 7.63AKlE Y T3] Mol
77 NS FatgltPark et al. 2013) A =3
B A& TA5H: § F44Ee] Ruojiz Aio] ]
£AR2 74 HLEE i A3e) 22
'é‘

W rlo
?R %

At wet 2 A 2o AR
HlAE Azke] Gk dojArh 7He4 Hlas
2 SlalAle Aol ot} Aelokshed), A3 A
oF 11=0] @1 910 H517} Ae)] o] che
¥ Zolofateta weke gk

32, O] 7548 HIAE EMa} 2 HAES 95t ZH|

AT £ 714 HAES 948 e Aol
HIE B3}, 7141 g AE o] &3 A
57 W BE A8 ARUE 0 A9 Lrs
Table 19¢] Ul Aldo] A3t AR
H,S0O4, NaCl, NaOH ‘;‘—J Na,SO4 522 /‘K_ 0:17] 0:‘

2

123
o
>

1

ol

& F50 Aol o= Aem ek
o, 7 F S0 o) 497 74 wsleh 7
&4 g AEo o] 85 AR =x9o] Hel= 0.01
mol/LEE] 3 mol/Lo]9l=4), 3 mol/L3} 0.5 mol/L-S
TV o] olgslol Alglsialch Alse 25-80Te)
TR 22 9ol A o] FoiHlaL, 25T} 35T oflA
P e Alglo] ojolHr: ARUES] Wl
0.35~4 Alem’0] T, 1 Alem’®] AFA=ol|A 714
we Algo] o]FojFthPark et al., 2013). A=
of we} clepet A@z oA 7 AL} of
Sojzizsl, oli= QAT oIt Beke o) 4|
AIEIAG SFeiA)A] glot @tel whe zbae] 271
o2 Q7E A0 T,
o e T i, s i

olgort Aotz 4] 217lo] Hhel A2

‘%4011 B FA vigo] AN ke 3971
R R E NCES LT
W HAE S Slg Baras FEs sk

Fl

Table 1. Experimental conditions of accelerated life test proposed by several researchers

Electrolyte Current
Electrolyte type Researcher concentration density Temperature (C)
(mol/L) (A/cmz)
Comninellis and Vercesi, 1991 1.5 0.75 80
Chae et al., 2002 4 1 25
Kim et al., 2002 1 0.345 65
Cestarolli et al., 2003 0.5 04 25
Chen and Chen, 2005 3 0.5 25
H,SO4 .
Ding et al., 2007 0.5 0.1 not shown
Song et al., 2007 3 1 35
Xu et al., 2009 0.01 2 40
Zheng et al., 2011 0.5 4 80
Liuetal., 2011 3 1 25
This study 1™ experiment 6 0.15 25
NaOH Jiaetal., 2010 1 1 35
Yi et al., 2007 0.5 2 35
NaCl Chenetal., 2011 0.5 1 35
This study 2™ experiment 0.068 0.6 22
Hu et al., 2008 0.05 0.5
Na2804
Cui et al., 2009 0.1 0.1 not shown




Zulj A A15HE 7= (DSA, Dimensionally Stable Anode) 9] 71421 H|AE Wi 3} 23] of] 331 7|

E3h A T A 15 A—E— Q17}sHHA F8h
7h 7¥eliA A=) Bt JA FatollAl 7+ @Al
gt om 2 A —'—Jﬂx]_q gk o} 5}
Auk AL Qlong AZe] 2715 Fof AFE A
871 S Ao = FE Qe 2 ARl AMERES0V,
20 Avk= Al A 357829 54 ARE =0l
= R Ao w2 24 st §9l9
ARFOE HIAA HTH= Zlo] At i os
/\37"Q°4E](Hyunsung E&E, 2013). Yi et al.(2007)=

LY Bl AEE= SR AMIA 7R 2 s
Tl‘r Xd‘?r“a‘i% FAH R A, Aol T A
A8t} ARdstolof ghtkarl Hargt vl Q). ofjH] H]
SE= Xﬁﬂé‘ Tt oE AR =2 Al
2 Uehty, A8d5s 0.15 Alem’2 o2 d3zt
Hop w2 Zo g Yeh 2 HAEE A=9 27)1E

=9 AFE Eolal A F=E W50l dH] g
Eotti=A Adstqich

A=E 2 em x 3 cm 7|2 AL &, 718 271

oAl Agstr] fIste] Hsid sE=E NaCl 4
2/L(0.068 mol/L) & o] 2 HAEZ 9|3} ojju] ]
2ES TR AABIITE 2 Ad 242 Aeid S5
L =Xk Hu et al.(2008)2] AR =9} A3)4
L7hH|SRE A o2 ey

NaCl 0.068 mol/LES A7}t A A=9] 49 3 A
(0.6 Alem’) 2] AFZ Q17FsH=H] 37.5 VOl Aol 7
{3t A2 e, 2o A 50 VI 204 4278
Tk 71290 5V AY A= AlskaL 7.5 Vol gt o
S7F glomg A3o] A3 Aok Aleel Ao = ¥t

E] ATt ofju] HIAE Q] A9 H=o] o] 100 cm’

2 AYTF7e] AT M7l 20 Aol 717k
215 A9 ARE o7}3lo] e ARUEL0.15 Alem?
i/\H:HX% oiuol—obl_ 2;}_3]/\5473 517]_'_
& WAL 5 cm’o|7] wjito] 3 Ao AR olrpwto
T 0.6 Alem’ ] Bl A 2o ARUES 923 5 9]
ItPark et al., 2013).

71 ol ARGE AR 91913 FH4teh 4l NaCle A
322 ARE-3HITE 0.068 mol/L2] NaCl lﬁE‘_ 3
A Fes Wi AN =2 7kee 21

]_.E/\o

=T A
Ao etk 12,5 Lo 354 9 lol4 A
o AR oA Aol A4S Atk Aol

l-N'

Ny 471

F=o], olo] Het US F3k7] Fsto] W3] &

S5 245)9Iek Fig 3] Lhehd uleh o] S-20]
F715Hs A5 Aol telzbd, S-20] Wl w2
o] W glol7] S8 w7 el 2e me =
sheiet L 28 F Aokt L WSS WA 2
3}, 27} hastel e Seie Lwvt Uyt
A 54 A Aok DA fAEE Ao 1
Efste}. ko] $7hE Ae] Suol et mek A%
2 B3] AHHE S AR Aole B
Aol ERAIRE Qg ko zi 408 A5l
A ojeifieh. L=E S Aolat Aol
29 }\]/\F:“_,] H-S- 7]

30

48 —@- Voltage
—(O~ Temperatrure 428

Temperature (OC)

Time (hr)

Fig. 3. Variation of voltage and temperature with accelerated
life test (A electrode).

T2 AeE 9 flete] Wk 71
435 3 BA] A|AE o7 A2, %47_']_ S
100 L 712 AJ&Fslar W75 Adstelek

mlm
’37.
l\)
y 2
N
)

3.3. 71458 HAE
A T FFo= ojgsln WF AL &3
2 A}gato] 27] AL 35.1 VoA Agaigcy. A

B S 34N S, £l kel



472 R

30

—8— Voltage
48 | —o— Temperatrure

Temperature (°C)

Time (hr)

Fig. 4. Variation of electrode voltage and temperature with

time in A electrode.

ol A7 Al W27 SlEe] o8] w7t 21T
U 23CR QAIHQ A B shgsido A4
o2 4% 259 2TE A §Alaks How

o

Upepidey

265412 5 &30l Wl 4 o] Y] HA
o] AT gloN, WA AAT T Helo] 374
VellA] 39.0 Vi AR sk 28.6 A1kl 9 At
Rajo] WA oM, Sl W AT e 34
o] Hrigo] ParEglch

Kim et al.2014)3} §71 AAIaE AR ALY 24
ol AAIE H71H3) WS o] ol d AlARE B
Wi S o] FAw WAL EDXE 24
gk A7t A7) 8 dle) uld A Euo) A9 Aakn)

L 07} 5.60%, Ti7} 0.50%, Pt7} 93.90% = LFebyt
ot A71Es & g sl skl C(12.93%),
0(12.78%), Ca(0.2%), Mg(0.97%), Ti(0.55%)7} A
ZE¢len, Pti= EHO| ok Aol 93)7] "ol
93.9%0]| 4] 72.33% 2 7rASH= 71 02 LpeRgdth
= =9] S HES AARE F Ae] 39.0
VolA] 39.4 VE AF5sioitt. A=l 7bel= A
HIE B BhE- 1SAIZ7EA] W37t Aol glom 15
AIZHEE 2TAZHA] A A8] F7Eshet 29417
w2 At A2 Hol= Ao R Yeyith A4
o] T Ao 2 W= AY Al 5V AN 4
o AQEE A7 29947102 YERFoH, 10 V
Apol = 343A17F0] AQE|QTE 5V ASoli=29.9

30

—&— Voltage
48 r| o Temperatrure

Temperature (°C)

0 2 4 6 8 10 12 14
Time (hr)

Fig. 5. Variation of electrode voltage and temperature
with time in B electrode.

AZo] AR EA, 27} 5 VO] ol Hat4.44]
7ho] xfiwlo] Uk At Aol AlAkE o] wh
2 2 giet Ao Qs A S S EsL
A 3102 BREGITh 5V Aol 29.9417F0] &
awE, o] B 286A7HE AT
A4 HAE 5 AP0 NaCle] SEL Hah
A EERRICER e

A A=A e A A
Aol 3t AgS Yoted A W 32 4719 B A
=& GEoR A Y UG ASS SSoR A
otk 2 AF2 % 43] 6 mol/L SAEO & A8}
ok AF 27]3 A9 ARE A7bh= o Bagt A
¢ko-34.1 Vot

of 21 Coll A AASAL 11.8 ARMZEA] {1215 £ 124]
Lo 22TR AT 202 Yepgou, 2e
LA AASHA FA1E 4= e o= HERT

A2 271 34.1 VollA 12AR71A] A4 s
SHARE 12A13F o] 578 FAsHA st A=
gol 1247k 73} Fol e wWEA gashs AR
e 5V A9k Adsoll= 12341 0] ~8.5= A
O UEoH, 10 V 4ol gk AR 13.34]
o2 yehdth 2715V Asole 12.34710] &8
AR o] & F7F5 V Aole 23 1Al 428
= ek

P o



Zu| 4] AksHE A=+ (DSA, Dimensionally Stable Anode) 2] 7144~ E|AE BPH I} 2Fx]of 3431 7]

B =9 s vkt A 12417H4.8 V] At

Zpol)ol| A =2 Ak o] Fajo] wAiste] A=

A A=3B A=59] 21 #fol= A= A2 Abol7t
T2 Ul Aoz YAEE A W52 Ru-Iro]
A AJHol, B =2 Ru-Pd7} 4 A#olth Rut
A=) FAPRE0R A= o] F2 AdRolAmt
gol gt A= S S7MITIAL Ao FB]

f18te] Ru 2of] of2} 71x] &8& H7iste] Al2sto
ARE31AL QITH(Kim and Park, 2009). Ir®= =1 o] 71
7o) Qo] W] FHRoT AL A A
= 24go] Rutch 23 vlgo] o] 42¥)7] o
T2 RuE A5 48 FAAE T, Pd, Ir 52 2=
AR o 2 ARESHHKim et al., 2001; Kim and Park,
2007). 2 HE-5) ST Gl meAg ke
A2e) A 1 4 Aol Sao] Arkn o
21 1ro] H7hEl A 7o) o] B 1w} 71 Ao
= s lok

3.4, TI0| EH A

Fig. 60 Age] AFgSt A=5S A T8 F AR

Zodste] UePfiglek ARRlol|A] $12-2 F=o)aL, of

N2 F=S YERH L Qtt A A9 A9 F= 4

it} sjctol] FAlo] AHsHA] dold A o= Lepytt.
9] o

2AE] ] FgFoLt A= A AR uho] Mzto] Qo
AL ¢ 4= Qlek Liu et al.(2011)-2 A= E&8H4 7]
2o w2 s FEBl(passivation), Uf A5, uf gFz

71AH Q) d4ro 2 Rt shle wheb of R

By

i 473

2 A0 vho] AnE|n gt BEoR gtk
E|lom, o] AmEAL; gAbER] ok B 1
Q1 Elehge] addo] dojuA] o= Ao & YEh
Liu et al.(2011)0] X113} AT} G-A1SE A0 2wt
=9tk Yi et al.(2007)% Ru-Ir  A=of|A] 7151
HAE Mt 99 A= 3 Ju-s ST 23 d=

274 /422 Ruet I Ad2o] AT LA A&t

go
2 XA Eo] A7|Es7E DojuhA] G 3tol7] diiE
of M=9] adlo] dojux] b= Ao & AHEGle
), A=9] 242 Fo] of et FF EollA AlAE
= A0 UEyith

Anode Anode

Damaged electrode
Damaged electrode Ti base metal

Ti base metal

Film consumption
or detachment

Undamaged electro
surface

(a) A electrode
Fig. 6. Photographs of electrode after accelerated life test.

(b) B electrode

Fig. 701 A 21530] HW1S SEMO.2 HoJg 418
LR SIE. Fig. 7o) U giE0] 415 o] A

7t ezhE ) gk S} 4 vho] Phakel F mAjl



474 4%

Boundary

Undamaged
electrode surface *

Fig. 7. SEM photographs of A electrode after accelerated
life test.

2
>
=
1
_\9

e Bl IR A1

ol e A 2 22

AlBkA 47514 got ATATF 2T

HIAEs}7 17k ofgiek weba]

|20 chat 4% 23 g et

B517] 91% ARL FAsto] chet
=

1o g

1~N
o rlo
3 rﬁ

f
o oo Y

OE, —10[1
oE =
mlo

N
Ef;ru
).

a4l & (m
ot
L

N
lo By
BN
o
tlo o
ﬂ

N

N
%
)

it
a
]

e}
o
[}

i
1= mﬁ

_?L
2 =7
)
ﬁ
10
-z
ol
ala
ﬂﬂN
_&
—rr‘
s%
s
w "
ot J
9

D oX
filo
o W
o
BI\J
lo
il
m>~
ot
o
38
i)
H
_<‘>L
.
o

()
e
Lo

off

W AE ol ARUEE £ 7
e PSR
AHDE NaCI AHg3le]

.068 mol/L, AEHE7} (0.6 Alem’)Ql

N
L
=2
2
>,
i)
ol r
T
F_u pack
3

NS N o
X, r%
of =

32,
i
= rl{[ i

e

)

2 flor

=
=
12
n [
ol
ol
2
_V|L

oA 1514 ghowl Akl
R

%.Nrﬁru
g
o,
o?dHUF
—?LOZJ..‘_E
r°"‘H

s
Jo
ﬁ
ol
ol

r
)i
A
ox M
dob
- &
N
F

\
oE
_—@

> r
n &
i

0,
Ir
mia

az7lelch, & AROIE 42
715 AFESlo] 22 2241 TCE

S
%

T
ot [
&

o met o

fo
M
1>

2] ol ¥hg7] Fuje yzh Sz

)= 2474 12.5 L2F100 Lo it

AF7F QA 2o AT Qb

o] Ak&glo| uhet AIEA] AR A Wl ShA

2 5ol AR 7, 5 V A5 Aol B

Bl I FA0] AIZEH 5V S OITOM
[e]

oL
= O_>|: [‘_>i
ar o Ar =2

| A== 2o etk &

=
3 7e] 2L Fofo opet oz ZolA A2k

REFERENCES

Cestarolli, D. T., De Andrade, A. R., 2003,
Electrochemical and morphological properties of
Ti/Ro3Pb(0.7-x)TixO»-coated electrodes, ELECTRO
-CMICA Acta, 48, 4137-4142.

Chae, K. S., Choi, H. K., Ahn, J. H., Song, Y. S., Lee, D.
Y., 2002, Effect of organic vehicle addition on service
lifetime of Ti/IrO,-RuO, electrodes, Mater. Let., 55,
211-216.

Chen, G.,
wastewater treatment, Sep. Puri. Tech., 38, 11-41.

Chen, S., Zheng, Y., Wang, S., Chen, X., 2011, Ti/RuO,-
Sb,05-Sn0O; electrodes for chlorine evolution from
seawater, Chem. Eng. J., 172, 47-51.

Chen, X., Chen, G., 2005, Stable Ti/RuO,-Sb,Os-SnO,-
electrodes for O, evolution, ELECTROCMICA Acta,
50, 4155-4159.

Comninellis, C., Vercesi, G. P., 1991, Characteriazation of

2004, Electrochemical technologies in

DSA-type oxtgen evolving electrodes: Choice of a
coating, J. Appl. Electrochem., 21, 335-345.

Cui, X., Zhao, G., Lei, Y., Li, H., Li, P., Liu, M., 2009,
Novel vertically aligned TiO, nanotubes embedded
with Sb-doped SnO, electrode with high oxygen
evolution potential and long service time, Mater.
Chem. Phy., 113, 314-321.

Ding, H. Y., Feng, Y. J., Liu, J. F., 2007, Preparation and
properties of  Ti/Sn0»-Sb20; electrodes by
electrodeposition, Mater. Let., 61, 4920-4923.

Hu, J. M., Sun, X. J., Hou, Y. Y., Zhang, J. Q., Cao, C. N,
2008, Degradation characteristics of IrO,-type DSA in
methanol aqueous solutions, ELECTROCMICA Acta,
53,3127-3138.

Hyunsung E&E, 2013, http://www.hsene.com/.



Zufj 4 AL3HE M= (DSA, Dimensionally Stable Anode) ¢} 7}<:4=r H|AE HPH 7} 242 of] 31 7]

Jia, J., Li, X, Chen, G., 2010, Stable spinel type cobalt and
copper oxide electrodes for O, and H, evolutions in
alkaline solution, ELECTROCMICA Acta, 55,
8197-8206.

Jung, Y. M., Yoon, Y.J., Hong, E. K., Kwon, M. H., Kang,
J. W., 2013, Inactivation characteristics of ozone and
electrolysis process for ballast water treatment using
B. subtilis spores as a probe, Mar. Pol. Bull., 72, 71 -
79.

Juttner, K., Galla, U., Schmieder, H., 2000, Electro
-chemical approaches to environmental problems in
the process industry, ELECTROCMICA Acta, 45,
2575-2594.

Kim, D. S., Park, Y. S, 2007, Electrochemical
decolorization of a rhodamine B using dimensionally
stable anode, J. Kor. Soc. Wat. Qual., 23, 377-384.

Kim, D. S., Park, Y. S., 2009, A Study on the preparation
of the Dimensionally Stable Anode(DSA) with high
generation rate of oxidation( I ), J. Environ. Sci., 18,
49-60.

Kim, D. S., Park, H. J., Yoon, J. M., Park, Y. S., Park, Y.
D., 2014, Effect of cathode in electrochemical reaction
for treating ballast water, J. Environ. Sci. Int., 23,
1175-1182.

Kim, K. W., Lee, E. H., Kim, J. S., Shin, K. H., Jung, B. L.,
Kim, K. H., 2002, Performance improvement of Ir
oxide electrode for organic destruction, HWAHAK

By

Ny 475

KONGHAK, 40, 146-151.

Kim, K. W, Lee, E. H., Kim, J. S., Shin, K. H., Kim, K. H.,
2001, Electro-activity and life time properties of
Ru-Sn-Ti ternary mixed oxide/ti electrode(II),
HWAHAK KONGHAK, 39, 138-143.

Liu, Y., Liu, H., Ma, J., Li, J., 2011, Investigation on
electrochemical properties of cerium lead dioxide
anode and application for elimination of nitrophenol,
ELECTROCMICA Acta, 56, 1352-1360.

Park, Y. S., Lee, J. H., Park, Y. S, Kim, D. S., 2013, Study
on accelerated life test of insoluble electrode,
Proceeding of the Kor. Environ. Sci. Soc. Conf., 22,
260-265.

Song, Y., Wei, G., Xiong, R., 2007, Structure and
Properties of PbO,-CeO, anodes on stainless steel,
ELECTROCMICA Acta, 52, 7022-7027.

Xu, L., Xin, Y., wang, J., 2009, A Comparative study on
IrO,-Ta,Os coated titanium electrodes prepared with
different methods, ELECTROCMICA Acta, 54,
1820-1825.

Yi, Z., Kangning, C., Wei, W., Wang, J., Leem, S., 2007,
Effect of IrO, loading on RuO,-IrO,-TiO; anodes: A
Study of microstructure working life for the chlorine
evolution reaction, Ceramics Int., 33, 1087-1091.

Zheng, Y., Su, W., Chen, S., Wu, X., Chen, X., 2011,
Ti/Sn0,-Sb,0s-RuO,/a-PbO,/B-PbO, electrodes for
pollutants degradation, Chem. Eng. J., 174, 304-309.



