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Abstract — This work investigated a fabrication way of stable platinized Ti electrode and evaluated the electrochem-
ical characteristics of the Sn-modified platinized Ti electrode in nitrate solution. A Pt electro-plating way to form some
open special clearances within the Pt coating layer on etched Ti substrate was very important to remove effectively the
residual contaminate due to plating solution out of the fabricated electrode surface and to maximize the actual electrode
surface area contacting solution. Both boiling and electro-cleaning processes of the fabricated electrode was essential to
obtain a stable platinized-Pt electrode with reproducible and stable surface property which was necessary for the correct
evaluation of Sn coverage on the electrode. The electro-cleaning caused a morphology change of the platinized Ti elec-
trode surface with some downy hair-like polyps formed during the deposition disappearing, which made the electrode
stable. The Sn-modified platinized Ti electrode in this work showed the best electro-activity for nitrate reduction, when
it was fabricated through the Pt electro-plating of about 30 minutes.

Key words: Nitrate Reduction, Sn-Adatom, Platinized Ti, Pt Electro-Deposition, Platinization

LA 2
Arked o] & st w5 1 EAEE SE) A7)sfsdo] vk
Hol ol ol ARE-EH L glom, Mg A= & FHvj|
W AR Ur Welelx Hold 47318k akgAdS Holme A
718kt Hokoll ] wl¢- T3k Mo g AMEE AL QluH1]. Z3uh
AxkAol 2] 29l FlE §3l] YRt o R wo] AREE = Pt, N,
Ti 5o % A2 Fyldo)x] B3)9], pt 9ol Sn, Cu, Ge 5

45 YRS submonolayer “JENE SZAIA (YUY adatom) Pt H=
o] A& Fol= A7t Htell 6] WAE A QMAI2-5], 1 F

*To whom correspondence should be addressed.
E-mail: nkwkim@kaeri.re.kr

124

ol S FAAI7) prAo] vl g FpHoleti 1iLE L Ik,

smo] E3E pe AT LS 18] @A eolofit 9 )
Aol sn FHAA ATSAL Govk, Pie] e o] me

Pt 25A A5 AYA AR 1= ot wEbA] ol st wAlE
5371 YA AAgk 355 BAlel ptE oAl ZRsto] vE= P
A=A AZ7Y B4Zolt). PiE Ta7sl] flst BAEA = A7
53, A s, U2, 3 /P9 2 A E el W Tiol
Adaict, Ti 32 37] FollA g7 kst F7de) <t F-sH
37} dofut 71EA 0 F prg IHEY] ol A5 oE dA 9l
o, Ti 3] Pto] - 318 Ajtolut w5 Ajto] o 717
2 Ast 283} ¥t Van der Waals 31l 2J3l] Agakgo 2J3t A
o A 79I

—~

o,



Platinized Ti

Sno] &2 Pt A= 322 Sn Y3 (coverage)e B7FeH] 9
A= Ad3hE-F(charge capacity)®] S7do] HQ3lt}. o] HM3hEF
2 Pt A= A 23 1S el cyclic voltammogram (=
B ASH-AF e rFE oIt wigo] IHE Ti A=A
(platinized Ti)2] W= ol ogk MHolw 7kl S &
o] =S HH, o= WM ¥ oY o g Agslo] =4 FE
2 9] YYelA AskewEe] S5 Walsit, ol st EAIE 3l
Asl7] 95t pt g & A3l (electrolytic cleaning)©] 2 Q3¢
A5, o] IFgella] A -2 A2 YA€ cyclic voltammogram
Fe7F A&H ' WslEo] A= 548 4gs] Hrish=t ol
o] e ATellA HEHUTE. webs] E8] Sn-modified
platinized Ti A=2] 715 £13F QP H platinized Ti D= A %2}
Akl A=e] Az o] Feait.

Pl Pto] %3 (platinized Pt)oll TalAE e A7} o] gl
1H10], Tioll Pto] X3 (platinized Ti)oll T3t Q4= AljA o= o
o] Fo] QIX| ¢k& AdElolH, vt sleetE 171 FE 4SS Pt
AT A %S Bx e &kal Qoh9, 11-12]. Iniesta= HehE-S 413} 2
aiskr] Slsl B AlskE A5 NS A o® wigo] IYE Ti
AT A58 S, platinized Ti A=) W FH5AI9} 3 &
238 Hol7] flaFE TaE ASAE F ARE Bk BellA ol
= Y A o] Fods Rasiglon, Ay 2y
oA Uehbs M5 ¥W B4 wis ]
wlgo] = Ti A=re] Ay 2ol A Ag-d5T BAES

rir
i
i
=
)
52
¥

Z(morphology)®] Hslel] 7108 AF3I o A7 1HE 4
B 9] oA T3 eyclic voltammograms: 7514 3+
fom, A= B W) ofd FeE Ak Jsgo] HUEAE
S 1A A3hTH12].

B =RolMi= Sno] E&% Sn-modified platinized Ti 1= A%
= 93t Tioll pt =7 57 Aakdol gollo Ao AlzlE H=
o] W73l B4 <G5 E310] 3 platinized Ti A= AZ W
W3} Sn-modified platinized Ti A=2] A3l 5Ado] A= ATt

2, Al HiH

Pt THE 918 Ti BAE 274 1.5 mm 4o] 1 em®] Ti £}o]o]
£ AHE3IITE Ti W9 oA A9} ) YT AR E
7] 918k Ti A= Pt 23 Aol 90 °CollA] 20 wt% oxalic acid
EAh ARE E8l ol Al siglom, ol Ti BAlE 3
o] =S oxalates A|ASH] Y51 223}k Al1F 10, Eol7]
105 9 F7HR1 S5 MRS Fato] AAs] AH = oF
F Ti el Pt 52 1.0 M HCIel| 0.075M H,PtCl0] 23l¥ Pt
o] gAojlA] 7]FEHFO R silver silver-chloride electrode (SSE)
E AREBHE -0.05 Vg FASIA 3= B 902 2%
7h S AR 289 AREEE o B SEE Y
Qo T g0l 257} 80 °Ck o Fellxl= follo] TSI}
A 7Rl B g9 ptolEE Y ARET) 3l AR A F
11, o) Eu-8 e s AR R, & ATelA=
T8 2EE 70°CE st ARGt e 8 AR
F Ptol FES AEE SAsto] 7] HElE 2%k & A A}
&

Silth. ewE pte] FASE AFass &) Sfslo] ptew A

AT Az

oL

125

Fo) $7) wshe} olu] Fre A7]o] ZgEglon, A A
= ¥ morphology®] SEM(scanning electron microscopy : JSM-
5200) X7} S = AT} A2 Platinized Ti A=-2 S50
A Qg ARk o] i wlel) REske 94 ol AAskRL of
T 021~1.3 Vg A9 T7HNA 300 mVisec ARG ER LsH
A A S Yk o, o]F vl 508]9] cyclic voltammogram-S-
Seet 3 pE B4 WakE 1Y) 99t S F-2a W) 7k
Tt Aba A A S T4 50 mVisec TARSEE cyclic
voltammogram¢| Z73}31t}.

A28 platinized Ti A5 o] Sng F241717] S 0.1 M
HCIO, &<l 0.5 mM SnCLo] &3l gl 1027 H7HF3le
12, 3, 6, 13], o1 A= 2] Sn ¥ H3)&(coveragey= F7+
37] flste] 4e] F-2a M) 71l cyclic voltammograme:
Zsrelcy. "Aatd o]0z el widt AZE  Sn-modified
platinized Ti H=2] §4& ®7] $I8101 0.05 M NaNO;= 7HA&=
0.1 M HCIO, 8-<1°llA] linear sweep voltammogram®] 78| it}
ANk o2 ge] AA] e o % HCIO, §-2o] AR o]f=
ClO; ©]:zo] CI, SO;%, PO,* olel| H]sle] Pt S=ll4] NO; 3]
2 AA0) 7P Hol FEst No; o W B Whe-S s &
W71 wEeltH14, 15].

B Qo] RE AP JolA FUHGACH, AHgE LE A
oFe 5 Qo] AT, e WEAL 2

HOAleke R A
< 93 B2 22 SHe} ol wEEAI(MIll-Q plus)E 7
’do] 182 MQem?l = =55 AHSISI

FORRIT
PO
o J

F

g
ool

3.8 % o

_,_
0

3-1. Platinized Ti M= H|x=

Pt =5A0l PtE sk el tistol= nlwa 2 A 9l
O, Tiell PtE Eadhs el gistels= doizo=z
A o2 o)t wEbA] Snol F2HE platinized Ti A=ollA 2
2t o] &2 A= Whg SAS FUIsE] A )P AR platinized
Ti A=A Az PRell #st A5 AA FB3IGITE T A A

Buhs FYehs 54 el ofF F40) wo] ofehe FHow

A A Qo] Tie] ¥W A7} 53] Qs 7|2 AEES F8 Pt
7} =25 Tio) 9 A pt T3 1] oA of] & 9J8kS 1)

A= A GIH Tied B ol FS T ¥H9) o2 Ei= A
shuks AAE gk ol ool 23k 3 Z % (roughness)E =
Yo EFFE Pt Ho| BAHE F=E AYH R JF
Fgehs o FA $4HH20 wi%(COOH),, 90 °C) oll7 7}
AH30% HCI, 60 °C) °lo] &elA SlrHie6]. &4 ARt E<tel
Sabatol] ojgk o g rT fatel] oJgt ol o] Tid et gk of
o] aht, @Ak el e Ti el F& 314 TiH, " B4

o2

T A$(-0.05 Vggp) BT} 32 A9jellA A Absls]o] 2 o]
o] Erlow WEle] Pt = Al Pt ke QPgAo] HolEw= A
12 AL Bl Folslo] 2 Ao 27 Labate] <3t
Ti oIS ARt

o
N

Ti+2H' +2¢~=TiHy(s) E =—0.66Vgg: (1)

Korean Chem. Eng. Res., Vol. 45, No. 2, April, 2007



== 5:.1:_% 7};] ] Sh=
Pﬂﬁ} wkebA
= pois A
s}st Pt E% A9k pt g
—72‘13 sell A7 SAet. Pt
(3)AE Pi(+4) - Pi(+2) - Py0)e] F+ HAIE
o AHA JUTH9-11].

Pt & ‘}_oﬂq_
ol Ti¢] g4 W 5(}9] voltammogram
)%t é.
AA dolupi= Zlow

PtCI, +2e = PtCI; +2CI" E*=0.503Vqp

PtCIy +2¢ = Ptg+4CIT E°=0.648Vygp

Fig. 19li= Pt §AollA ol Tig} Ptoll thst linear sweep
voltammogram®| WER} Sltt, Ptell PtE =58k 7492 Fig. 1(A)
= +0.1 VegeolM A I A7F BRI 015 VoA F A
737} e F WAl 3 A R(limiting current) 3] 5= 2
@2k 2 (3)2 gHetAle] 9§ Blow AYzkeErt. A AR FAReL
T WA FAE voltammograme] 71¢] UX|3ke B 4= itk 17
U Tioll PtE T=53hs 92 Fig. 1(B)eIAE 2F -0.05 Vol Al

=30
Base metal : Pt (A
25 - Scanrate: 5 mVisec
0.07M H,PtCI, in 1.0M HCI at room temperature
— =20
<
2
£ 15
= 2nd scan
£ 0r \
3
[&] 1st scan
5
Background
0 e T e e stmsemanense e e AR AR bR
i 1 i 1 i 1 i 1 i 1 1 1
0.5 0.4 0.3 0.2 01 0.0 -0.1 -0.2 -0.3
Voltage (V vs SSE)
-40
Base metal : Ti {B)
-35 - Scan rate : 5SmVisec
0.07M H,PtCI, in 1.0M HCI at 707
30
e B 4th scan /]
g 20 3rd scan \ /,
-g- F 2nd scan Va _/
£ 5| P
£
S 0 - o
[&] /.;'7
5+ ) // 1“”’"]/
L _..-—4-"'—/ - Background
0 - . X I X X I : i ; . X - o ) .
0.5 0.4 0.3 0.2 0.1 0.0 -0.1 -0.2
Voltage (V vs SSE)
Fig. 1. Linear voltammograms of etched Ti and Pt in 0.07 M H,PtCl,
solution.
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Fig. 2. Chronoamperogram of platinization of etched Ti at 0.05 Vg,
at 70 °C.
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Fig. 3. Relation between Pt coating weight and total electricity for
platinizing etched-Ti.
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Fig. 5. Changes of cyclic voltammograms of platinized titanium elec-
trodes with different plating times with electro-cleaning cycles.
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