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ABSRTACT. In aborate buffer solution, the growth kinetics and the electronic propetties of passive film on cobalt were investigated, using
the potentiodynamic method, chronoamperometry, and single-frequency electrochemical impedance spectroscopy. It was found out
that the unstable passive film (Co(OH),) and CoO of Co formed in the low electrode potential changes to Co3;0s and CoOOH
while the electrode potential increases. And the composition of the passive films was varied against the applied potential and
oxidation time. The oxide film formed during the passivation process of cobalt has showed the electronic properties of p-type
semiconductor, which follow from the Mott-Schottky equation.
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Figure 1. Typical linear and potentiodynamic polarization curve
for cobalt in borate buffer solution (pH 9.51, scan rate 1 mV/sec)
under Ar atmosphere.
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Figure 2. Cyclic volammograms for the different scan rate of
Co-electrode in borate buffer solution (pH 9.51).
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Figure 3. Typical curves of the logarithmic current densities against
the logarithmic time during 120 sec. for the different potential in
borate buffer solution (pH 9.51).
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Table 1. The data of [dlogl/dlogt]r in chronoamperogram of Fig. 2

Eupp Oxidation time(t)
Region V t<0.1s  0.Is<t<ls 1s<t<10s 10s<t<120s
Cor.R. -06 -0.9 -0.9 -0.9 -0.9
Pass.R. 0 0.5 -13 -0.9 —0.7
Pass.R 03 0.5 -14 -0.9 —0.7
Pass.R 0.6 0.5 -1.5 -14 —0.6
Pass.R 0.7 -0.5 -1.5 -1.5 —0.6
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Figure 4. Total charge density obtained by potentiostatic elec-
trolysis during some period of time in borate buffer solution (pH
9.51).
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Table 2. The data of [dQ/dE]ime in chronocoulogram of Fig. 3.

Time  E-Range Slope of dQ/dE  Intercept R?
sec v mCoul/ecm*V  mCoul/cm?V
0.1 -0.65~0.9 2.02 1.41 0.99
1 -0.65~0.6 4.55 3.51 0.98
1 0.6~0.9 19.0 -5.24 0.99
11 -0.65~-0.2 9.40 6.70 0.99
11 -02~04 2.30 5.11 0.91
11 04~09 20.0 -1.72 0.99
120 -0.65~-0.3 20.5 14.1 0.99
120 -03~04 1.66 8.23 0.95
120 04~0.8 259 -0.32 0.96
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Figure 5. Chronocoulometric plots at 120 sec. and linear vol-
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Figure 6. Potential-dependent composition of passive layer on
Co at 120 sec (pH 9.51).
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Co(OH),7} CoOOH=Z AtshE Ao 7 Aolsigong =3
A7) Eko)| A Es:@] A7)k 8.82 mCoul/em®E Wl & 7] 2f0]
CoOOH7} A/ ==t 2281 A7Fd Aoz 453
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Figure 7. Plots of C? against frequency at various potential with
the oxidized film formed by the constant potential (0.0 V) during
120 sec.
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Figure 8. Mott-Schottky plots at difference frequencies of the

oxidized film formed by the constant potential (0.2 V) electrol-
ysis during 120 sec.

Table 3. The frequency dependence of Mott-Schottky plots after
120 sec oxidation

Freq. Na(x10%"), cm™
Hz 04V 02V 0.0V -02V
10 11.6 11.0 14.6 9.59
100 523 5.61 6.04 4.95
300 443 3.69 5.04 3.58
1000 2.56 3.03 2.83 2.76
3000 1.82 1.97 1.16 1.60
tj£of] Co-A=ol P == Arsta|ub2 p-g HheA| A

A& 714 Aol Fig. 83 -2 Mott-Schottky plots2] 7|
=725 E Co09] FAYS e=12.95 ©]-&dlo] A&E3r
W7} (acceptor) @] 51, NaE Table 30| Q9Fs13 o, =
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Figure 9. Plots of the concentration of acceptor against fre-
quency with the oxidized film formed during 120 sec. at various
potential.
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Figure 10. Mott-Schottky plots of the oxidized film formed at
the constant potential (E) during 120 sec. under 1 kHz.
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A=4917F-02 VoA 0.2 VE F718p5 Na ghe] 571
sholth ol= AFA97F S7FsHH {Co(OH),} Hrt U=
7F 2 {Co0-Co0304} 9] o] F71ste] Akatu]ufe] Hul 7}
Hrashes A 2o Helth AFgtujuto] xdo] Co/
Co0-Co304/CoO0HS] 22} -5} FAollM= HA=2¢17F
045 VoA 0.7 V& F715FH Na gho] F4x8kqict o]=
T71 495 gem® 2 U] 2] CoOOOHL] %AJH| o] 272 (Fig. 6
x) Arstulure] fu)7t F7hske] Naw Haxshale 4

ofck.

4 B

Shujuhe =t SR 2o mhet skl e
A97F 031V o]ake] B3Rt Fg3t G o4 Co
=i} g AAHLE FE Co/Co(OH),/Electrolyte &
dEo] Jlom A=At F7hetel wet CoO T
Co(OH),7} 4F8tE] of 12} 53} ¢ o of| Al += Co/CoO-Cos0y/
Co(OH)/Electrolyte, 22} 553} o]l A= Co/CoO-CosO4
CoOOH/Electrolyte® LA & o] Q= A S 2 H It} o|u
A == AbstE]ule B Mott-Schottky 4] o] 2]-8-&| =
p-type R4 9] 7|4 545 2

H o2l do g

Table 4. The potential dependence of Mott-Schottky plots measured under 1 kHz

120 sec Ox. Slope R? Na Ep Region
\% x10° x10*'cm™ \
-0.2 -3.96 0.998 2.76 0.47 Pri. Pass.
0.0 -3.86 0.998 2.83 0.47 Pri. Pass.
0.2 -3.61 0.998 3.03 0.49 Pri. Pass.
0.4 —4.27 0.998 2.56 0.46 Pri. Pass.
0.6 -6.17 0.998 1.77 0.46 Sec. Pass.
0.7 =5.77 0.997 1.87 0.46 Sec. Pass.
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