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Abstract - From the anodic peak currents of cyclic voltammograms for Ag(I)/Ag(Il) couple obtained with the vari-
ation of nitric acid concentration, Ag(I) concentration and solution temperature at a Pt electrode in concentrated nitric
acid solutions, the diffusion coefficients of Ag(l) ion were evaluated to estimate the limiting current density of
Ag(ID)-mediated electrochemical oxidation (MEQ) process, which has been effectively used for the complete destruc-
tion of hazardous organic materials. The results showed that, due to the water decomposition reaction which occurred
simultaneously with the Ag(I) ion oxidation, background subtractions for the cyclic voltammograms were required
to estimate the correct peak currents. The empirical relationship for the diffusion coefficient of Ag(I) was suggested

as a function of solution viscosity and temperature.

Key words : Ag()/Ag(), Cyclic voltammogram, Diffusion coefficient, Nitric acid, Background subtraction

1. A =

271848t )l 7] 2k 3 (Mediated Electrochemical Oxidation,
MEO) 3742 #7143 #7158y vAEERR 99% X4
718E Bl Mk 959 Aow deiA glon o) B
ope] A7t BHs] AYHI Uk o] FAHM HARE
o], i ZE Ag() ol2o] F2 AM-HTHS® AA-Ag(])
Ae] MEO #3& A4t} Agl) o]0l &0l s Asj=z
o] FFA Ag(D) ©]R0) Ag(lh olLoZ AT syl
Ag(l) ©] &L HAgd Foz Fatglo] R Fo] Yt {7
=5 A5 9 BN (1) AF o] AL Ag(D) oo
E Fgse g o] 83luUnt? o)A FdE Ag®) )&
< FFAA A AstEo =R mART} AL &3 Ao
T FAAYE FolA At '

Agt — Ag¥ie” (la)

"E-mail: nsypark @nanum kaeri.re kr

93

Ag**+reactant—>Ag*+product (1b)

MEO &3¢ 2&E ®ol7] HsiME Ag(D) ol2¢] A3l
FEEE =90} 39, o) AFELL @] e =Y
AF7E B AAR otz FAIHolok gt ol dAHS
T FFBHEeR] Ag(l) o129 fluxell 9JsiM A= RCE
(rotating cylindrical electrode)?] 73-9-= o33} 72 Aoz
EHEL?

iL=ZFANllC Ag(l )DAg( 1)/dR

71N z&= WhHEOl HISe AR, B Faraday A47(96,487
Cimol), A= AF9 EHH(cm?), Nue Nusselts, Cagy 2
D= 22t AgD) ©122] bulk FX(molem®)o} E3HAIS (cm?
sec)°) 3, g AF9] X E(cm)olth. Nusselt $~5 Reynolds <
3 Schmidt 5} 42 BA7F doH o] HES 73] s
© 889 TR = (kinematic viscosity, wp)ell that ARE Jo}

)]

°F ¥} F MEO ¥39 IAMFE dZsp) e Ag
D o129 A} golo) TR P Iyt eFdo)



94 J. Korean Electrochem. Soc., Vol. 2, No. 1, 1999

Farmer*'® - F753 1112 o 20E Ao A2E sl 2
Agolel Awdl AEE thdd 22 FHA e vehiit.

p = (1+0674x' ™exp(4920(L - 550} (@em) 3

T 293
1

W= (l+ 3.2043X1'9037)exp(1723.24(%—ED P) @)
Q714 Xe Aie] TA Bgoli T £xo|d), X3 Farmer
=2 4, 21 2 40°C €59 325 M H2EHoA rotating
disk electrode(RDE)E ARE-3td 2 Levich plote 278 Ag
@ o9 FAFE Falgon, o] Y dHolHE &t
AL Bg wpog AL 2Ee AEHE vt 2
tiaka) ez el

D = 0.581X107°-0.304x107"T—0.279%x107°T%+0.113x107°T> (5)

714 Te AHexoltt, AA Aat-Ag) Ale] MEO 3390
Me Ao 57t 52945 {7189 Eslage] F=Ee A
oz 484 dod, AHE ik FrHEdE vl 5~10
Moli, 1 olate] FEE AME|E gt ojdk Z7ioiM 9
FANFE F517] 98 LTHE Ag() ol FHTE 4
71 5) Aoeze A% 18 F ot
T3 AgD/Ag(l) ol Aaleky A9rE 1.98 VEA o
& o} ujAEAZ o] RHE WA, o] AdAMe & 3
Bkg-0] EAlo] dojuh= FHo|7] WREel o] o] 24 AIsie
A E4L sokalr)zt wi$ ok 2822 AgyAgdD °k
He NsEe EAS BEsA Tetaly] YalME o ¥ ke
o] Q&S AAsNoF &1, 53] cyclic voltammetry X< &3
ol Magle=e] HAol Wasil B sixle Hosds B
Ay3e) A Yot Malyszko 59 HIZ Moy
"Mn(l) ¥ Co)/Co() ol&e] Ak 54& ZAIE|
A RAYPES ARSI
B adMe 3.25-10 Me] Aakgel Fol Ag(D) ol2s A
7¥st g9 o] WA I cyclic voltammograms T8}
woelerol A BAWY osiM ERsje] L AAL F
NAAEFE TG IIAAF) FAEE Alolo] HAZTH
Ag(D) ©1&9] SAFE FIAL, A R Ag(D) ©129 FE
a3)7 L5908 F3F Fo| FaHAlFe nXE FTE AR

2. AEEX WYY

Cyclic voltammogramg 97] $1% A4 @4X|+= Bioanalytical
System*} A|E BAS 100B/WE AME3I%ch Hajde o|F A
Hgoz ARsigen], FFukest 2] EFE TS
uiz) ok 2 FA 30 cm®) B4 #213(Grade C, Coming)S
olg3le] Mg Eulaith. ¥FoEE EG&G PARAE] HaA
=9) RDEOMAA 40 mmE A 71E2HFL saturated
calomel electrode(SCEYS AHE-aliom & =fRox 583 A+
o] glo® o] Aol thdt A ke yehlie Aolth B B
ZRZo7E U3y FABE ol4s] EE 54 ol
F g A3l ARSI

Aok Ultrapure Water SystemAt A|¥ Nanopure MD4744
2 AAE B8 MQ-cm °ohE AMEdt Az2EHAUT. Ag(D)
0] 22 MerckA} A1 Z02 &5 99.8%2 AgNOE AME3SIAIL
A AL MerckAt AIE E% 65%%0 A4S AMS-SHATH

Agupe AFggAoez 10 M Fa £9L AXIUL ol
gl To 5 M Y 325 ME 3ME §H4E AFl <1835
o}, WA WZAZRDECNMYS 600 tlA duiE dAnp &

005 pm Loy e o)gsl] dulsly FHRTE AH
932, cyclic voltammogramg A7} Zef AAF&-A A 900~
1700 mV7HA] 100 mV/sec®] FAKER AFE & A8t
Ag(/Ag) ol th¥t cyclic voltammograme Y& 4
& Z27A 43 R 2Fse] WaHFe] HFFE TR

3.d% o uE

3L Y0zlRee By

Fig. 1.2 10 M Aakge ZFof Wgd3er dL cyclic
voltammograme|th. ojm} §A9) 5= 25°C, 9] FAFE
£ 50 mVisecE IBAAL, Agd) o292 FE= (a) 0, (b)
5, (c) 10, (d) 15 2 (e) 25 mM°| 2™, open circuit pote-
ntial(OCP) 2321 900 mVelA 1,730 mV7HA] &8sk d2
Astolth. A7 Ag(l) ol&2) I E 1,630 mV, A=A
o] A9E 1,530 mveld FAEACH Ag(D) ole] H7HEA
gre goloME 1,600 mV oldolN FAT ASAFIE EX
o} 2HEZ Ag() o]L9] A3k 1,600 mV oM &
Ba whgo] BA] dojux Ueg & F Aok Ag(D) o<
2393 A9 1,630 mvelr W=l & £ AR
(8.67+1.25x10° Acloem Ag) ©l&% 5, 10, 15 R 25
mM 718 SHolN HAAFE 27} (1.8210.07)x107, (3.03
+0.03)x107%, (4.12+0.02)x10~ L (6.471£0.03)x10™* AZH Y
atere o8 exe ztzt 477, 287, 21.0 B 13.4%°1%
. o]9} o] Ag(D) olEEIF e RS SR FAA W

gTol BAo] WFHoln Frrt EoPASFE Hastesd
olgt 93Pt HojHe & ¢ rk Ut AFNgelM W=
Ao 5}t Z7HFE AN wkgo| o]F0jd = gl A
SR AN AYTFujel o7 EFAGo] o|FoiA7] WE
o Age APAAE 4L F fivk 2 BE AgyAg ©)
ez 7o) A A9t B AFuES 54 FARYI
A E Ag) o122 FEIF B Edola AYhey Wz}
=& BAsol FEF AAE AL & Yok Fig. 2= Ag(D
o]&o] A7k gAA L& cyclic voltammogramol|x] #22}

Current, X105 A

900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Potential , mV vs SCE

Fig. 1. Original cyclic voltammograms on Pt at various Ag(l)
concentrations. [HNOs] = 10 M, Scan Rate=50 mV/sec, Temp=25°C.
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Fig. 2. Background substracted cyclic voltammograms on Pt at
various Ag(1) concentrations. [HNO;] =10 M, scan rate=50 mV/sec
temp.=25°C.
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Fig. 3. Anpdic peak current vs v'2 plots for Various Ag(1) con-
centrations at 30°C.
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Fig. 4. Anodic peak curent vs v'2 plots for various temperature.
[HNO;]1=10 M, [Ag(1)]=5 mM.
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Table 1. Estimation of diffusion coefficients calculated from peak
currents

[HI;\IAOS]’ [Ari&)] ’ Te;(n:p., Slope D, cm¥sec  Ref,
10 5 20 447x10*  6.90x10°
10 5 25 4.84x10%  8.22x10°6
10 5 30 5.12x10%  9.36x10°
10 5 35 541X10*  1.06x107
10 5 42 5.86X10*  1.27x107
10 5 42 5.86x10*  1.27x10°
5 5 23 5.68x10*  1.13x107
5 5 28 5.98x10*  1.27x107
5 5 33 6.53x10*  1.54x10°  This
325 5 23 5.98x10*%  1.25x10°  Work
3.25 5 28 6.53X10*  1.51x10°
3.25 5 33 6.81X10*  1.67x10°
10 10 30 1.02x10%  9.20%x10°
10 15 30 1.50%10°3  8.98x10°
10 25 30 2.48x10°  8.83x10°
3.25 10 4- - 6.86X10°°
3.25 10 21 - 6.02X10°  Ref (4)
3.25 10 40 - -1.14x10°
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Fig. 5. Effect of temperature and HNO; concentration on diffusion
coefficient.
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Fig. 6. Plot of Dl vs temperature.
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