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ABSRTACT. The electrochemical corrosion and passivation of Ni rotating disk electrod in borate buffer solution was studied
with potentiodynamic and electrochemical impedance spectroscopy. The mechanisms of both the active dissolution and pas-
sivation of nickel and the hydrogen evolution in reduction reaction were hypothetically established while utilizing the Tafel
slope, impedance data, the rotation speed of Ni-RDE and the pH dependence of corrosion potential and current. Based on
the EIS data, an equivalent circuit was suggested. In addition, carefully measured were the electrochemical parameters for
specific anodic dissolution regions. It can be concluded from the data collected that the Ni(OH), oxide film, which is primarily
formed by passivation, is converted to NiO by dehydration under the influence of an electrical field.
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Figure 1. Potentiodynamic polarization curve of Ni-RDE in the

solution of 0.10 M borate buffer (pH=8.86) under Ar atmosphere
when ®=0 rpm and dE/dt=1 mV/s.
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Figure 2. Potentiodynamic curves for Ni-RDE in the solution of
0.10 M borate buffer (pH=8.86) under various atmosphere when
®=0 rpm and dE/dt=1 mV/s.
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Figure 3. Potentiodynamic curves for the different rotation rate
of Ni-RDE in borate buffer (pH=8.86) solution under argon
atmosphere (dE/dt=5 mV/s).
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Figure 4. The corrosion and breakdown potential of the passive
film, and the corrosion current for the different rotation rate of
Ni-RDE obtained from the data of Fig. 3.
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Figure 5. Nyquist plots of Ni-RDE measured over the potential
range of corrosion (inset) and passivation region.
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Figure 6. Equivalent circuits for the modeling of the impedance
spectra for nickel. Signification of parameter was done in the text.
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Table 1. Electrochemical parameters obtained by the equivalent circuit simulation

Parameters Eocp -0.6V -04V -02V 0.0V 05V
Rer (kohms*cm?) 6.71 6.33 7.58 9.71 225 26.1
R (ochms*cm?) 21.0 226 23.4 219 21.5 18.6
Yo (uS*s%/cm?) 46.4 107 50.6 51.3 30.0 49.0
Cai, or Ce(uF/cm?) 36.7 98.6 43.8 453 242 51.8
a 0.832 0.821 0.869 0.849 0.883 0.811
Wa (uS*s1?/em?) 1995 120 1040 404 51.9 373
Z4 (kohm*sC"?%*cm?) 0.501 8.33 0.962 247 193 26.8
$ 0.0005 0.0007 0.0002 0.018 0.002 0.0008
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Figure 7. Nyquist plots for the different rotation rate of Ni-RDE
at 0.0 V.
5k d T T -m' T u T L | T
4k b -
“e 3k -
L e . a " a
E 'uA .AA.i c e 4 .A " ’ : o
o.m 2k | &.a‘ 4 “a, 2" . o
£ A A f."s O
N F a A 2
a m 0 rpm A
1k - é o 1000 rpm A i
A 2000 rpm
f A 3000 rpm
0 n 1 1 1 L 1 n 1 L 1 n 1

0 1k 2k 3k 4k 5k 6k 7k 8k
Z ,Ohm*cm’

real’

Figure 8. Nyquist plots for the different rotation rate of Ni-RDE
at the potential of open circuit.
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Table 2. Electrochemical parameters at 0.0 V against rotation rate
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Ni + OH™ —> Ni(OH)us + &

Ni(OH)ugs — Ni* + OH™ (corr.)

~
W~
o N
SN N

Parameters 0 rpm 1000 rpm 2000 rpm 3000 rpm
Rer (kohm*em?) 225 235 21.9 272
Rs (ochm*cm?) 21.6 26.9 22.7 225
Yo (uS*s*/cm?) 30.0 273 26.7 26.0
Cr (uF/em?) 24.2 25.8 25.1 25.0
a 0.883 0.887 0.893 0.889
Wa (uS*s?/em?) 51.9 61.9 60.7 50.6
Zg (kohm*s©"?*cm?) 19.3 16.2 16.5 19.8
$> 0.002 0.007 0.001 0.003
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Table 3. Electrochemical parameters at open circuit potential against rotation rate

Parameters 0 rpm 1000 rpm 2000 rpm 3000 rpm

Rer (kohm*em?) 6.71 733 5.62 6.51
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Ca (uF/cm?) 36.7 33.7 38.8 43.1

o 0.832 0.864 0.874 0.866
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Ab); ko, Ko, kaz ¥R (2)9] 3, A, (D2 S A4
RE 7| A|’d4=; Fi= Faraday <; T= A2 % E= A=
Affelnh at wE Zhzb 120]8f sHH (6) Ao 2%t
Tafel 7]-&7]= 2303 RT/ooF o2& 208 Ko Al 118 mVo|H,
Al ol A D& ZAZF 100 mVE= AAF gholl st 9ok,

o fEEm (/) AORNE T3 Eel pH JEE F
dEp/dpH= —2.303RT/F(1+ou—0n) 2 298 Kol Al —59.2 mV
olt}. Fig. 99 243k -53 mViz o] 24l Aoz 7l
Ak grell sk glet.

Reaction mechanism — Cathodic reaction and corrosion

potential
ol A =23k Abste]l o7k Nio| 8-3ff W&t 2 4ul o}
ek Ni A a7 dets 3

F0/th. o] HIENT A= FholA] 447} UAloHE
QRS20 B A Lo Al 243t Tafel 7]-&7](—111 mV)25-E
HES- (99} (10)T} 22 slow discharge — fast electrochemical
desorption ¥H-§-125 A ¢kl

H>O + €& — Hags+ OH™ (slow) )
Hags+ € + H20 — Ha+ OH (fast) (10)
Tean = 2Fkoexp{—aoFE/RT} (11
Ecorr = {RT/F(0i2+ ato)} In(H") + const. (12)

HES O} SE AT o BR 2 AR E ()=
(1) 43 Zron] (1) 4)2] o] 42 Fsto] Qe
H Tafel 7]&7]= —2.303 RT/Foy o] 22 298 KO A s
122 7FA4 3 118 mVo|th & o Loj A =43t 111 mV
L o] 2 glol 28I Ak, H4A N E=Fan)oI A= (6)
A LT} (1) 4] Tan0] 2022 (12) Ao] @& 4= 9lom
o 4]0 2 HE| 75 241910 pH ©]224] dEedpH =-59mV
olul, o] = 41§ 7k ~60 mVe} 2 LT 3.

24 E
Borate €581l 4 A 247} K5 sto] thsto]
ZARSLAT RAI gl RARY) AT A& E o)
Homue Uze] A at HUNS e SEE A
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(kinetic control) & T-ES o 5= 919k RAG Tt B
3} Aol A EISE 5435t ¥ Nyquist plots & = 5
Qe S5 S olgoto] H/5HE WAES TR
o, Tafel 7]&7], FA1A 9ot M7 9] pH 2|24 E_,] A]
o AYRRE YA R4 FEs) w3 w7

Aljrst it F53} ukg-ofl 2Jskef A/ € Ni(OH). 4+3}
st 7140 GaFe W Skl o3 NiO=
= Aom Bl

Acknowledgments. 1 1= 2013 = $h= 9] =oj )
bl St AtH| 2 o] ol HE Ut

ok
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