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Activation Characteristics of Stainless Steel
in Sulfuric Acid Solutions

Tatsuo ISHIKAWA
Go OKAMOTO

Abstract

As is well known, stainless steel can be passivated either (electro-chemically) by the
anodic polarization or (chemically) by the reduction of oxidizing agent dissolved in the
solution. In point of the stability of passive state, however, it has been a question whether
the passive film on the steels passivated chemically and electrochemically have same nature
or not.

In the present investigation, comparison in the passivity-maintaining ability between the
stainless steels passivated by both methods is made by measuring the potential decay curves
when the passive steels are selfpassivated in the concentrated acidic solution free from
oxidizing agents.

The following are summary of the results obtained in this experiments.

1) The electrochemical passivation of type 304 stainless steel specimen was made in 5%
H,SO, solution by changing the applied potential automatically by means of a potentiostat
so as to follow the time-variation of potential of another specimen being passivated chemi-
cally in the same solution with an oxidizing agent. The electric circuit used for the
electrochemical passivation mentioned above is developed by the authors.

2) Transient anodic polarization curve corresponding to the course of chemical-passivation
was obtained by combining the measured anodic currenttime curve and the applied po-
tential-time curve. In this polarization curve, two peaks of anodic current were observed.
The first peak appearing around —200 mV (vs. S.C.E.) is in the vicinity of the passivation
potential observed in the steady-state anodic polarization curve, whereas the second peak
does not appear in the steady-state polarization curve. The potential of this peak, which
is around 0mV, is fairly close to the arrest potential observed in the salf-activation curve.
3) The oxidizing agents used for chemical passivation were classified into two groups
according to the shape of potential decay curves when the chemically passivated specimen
is salf-activated in 30% H,SO, solution saturated with purified nitrogen gas. The oxidizing
agents in group A are ceric, mercuric, ferric and cupric ions, which give the slow decay

curve showing the clearly defined arrest. On the other hand, the oxidizing agents such
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as oxygen, hydrogen peroxide, persulfate and chromate ions, belong to group B which
give the rapid decay curve with no arrest potential.

From these behavior of self-activation of specimens, it is concluded that the oxidants
in group A give the specimen the passivity-maintaining ability larger than those in group
B and similar degree to the anodic current. The classification of A and B can also be
ascertained on the previous results of the characteristics of cathedic reduction of various

oxidants on the surface of passive stainless steels.
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Valve Potentiometer

Potentiostat Galvanostaf
D 3
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5% HaS04 5% Hp504
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sat. KCI

solution

Fig. 1. Schematic diagram of the electric circuit.
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12r ! 304 Stainless Steel, 30% H2S0s (N2 satr.), 60°C
- |
1 chemical passivation : 5% H2S04 (N2 satr.), 60°C
081 60 minutes.
- [Ox.)=5mN.
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04+
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Fig. 2. Decay curves of stainless steels chemically
passivated by Group A oxidizing agents.
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| 304 Stainless Steel, 30% HaS0s (Ne satr.), 60°C |
04F 1 J
: chemical passivation : 5% H2S0a (Ne satr.), 60°C
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0 05 10 1.5 20 25 30 35
t (hrs)
Fig. 3. Decay curves of stainless steels chemically

passivated by Group B oxidizing agents.
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Table 1.

passivation :

activation

PN =

Effect of an oxidizing agent on the time
elasped before the active state is reached.

304 Stainless Steel.
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Fig. 4. Decay curves of stainless steels anodically

passivated by means of a potentiostat.
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Fig. 5. Change of current and potential with time observed
in the anodic passivation experiment.
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Fig. 6. Change of current and potential with time observed

in the anodic passivation experiment.
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Fig. 7. Change of current with potential observed in the
anodic passivation experiment.
S: steady state anodic polarization curve.
Passivation \ Activation
| . _—
Ipassive ™ chemical passivation ~
< passive with Fe**,Hg®", Ce*",MnOs
a ~~— - anodic passivation '
S b 0
(@] o w : R e e SN
2 ! ™
\\
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| ] — - Chemical passivation
o ' passive with He02, HCr0z, S20%
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S
E t— active
Fig. 8. Comparison of the characteristic behavior on passivation and

activation of the specimen for two groups of oxidants.
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