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“A Study on Effects of N Addition on the Passivating Mechanism of
Stainless Steels

Kim, Young Sik, Park, Yong Soo

Dept.of Metallurgical Eng., Yonsei Unio.

The corrosion resistance and the passivity of stainless steels containing different nitrogen contents

were investigated in HCl and H,S0 4 solutions.

As the nitrogen increased, the corrosion potential

increased while the critical current density decreased. The passive current density was observed to

decrease with the nitrogen and the tendency became pronounced in passivating conditions. The steels

with higher nitrogen contents showed faster repassivation and higher activation energy for pit initiation

process.

On the basis of the results of solution analysis and surface analysis, the role of nitrogen on the

passivating mechanism of stainless steels was elucidated.
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Table. 1 Chemical compositions of the experimental

alloys {wt. %)

Specimen| C  Si Mn P S Ni Cr Mo N Fe

NI 001 124 002 012 003 3% 2033 675 003 Bal
N2 002 127 00t 013 003 398 2038 682 028 Bal
N3 |00l L4 016 006 .009 2002 2065 tr. 021 Bal
N4 | 001 015 045 016 .006 1742 1836 tr. 007 Bal
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Fig. 1 Schematic wiring diagram for the potentiostatic

polarization test
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Fig. 2 Effect of nitrogen on the anodic polarization
behavior (50 C, 1.5N HCI)
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Fig. 3 Effect of nitrogen on the anodic polorization
behvior (25 C,0.5N HCl)
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Fig. 4 Effect of nitrogen on the anodic polarization
behavior (507, 6N HSO)

------ Speciman N3

Specinen ki

Potentisl, V(SHE)

e ety

" s L J
100 1000 10000 100000
log {, uasce?

Fig. 5 Effect of nitrogen on the anodic polarization

behavior (50C, 6N HSO)
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Fig.6 Effect of nitrate ion on the anodic polarization
behavior (25°C, 0. 5N HCl+0. 2N NaNOs)

Table. 2 Activation energy determined by Tafel extra-

polation method
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pecimen Condition Activation energy, Keal/mol
N1 15N HC1 1134+ 088
N2 15N HCI 18324048
N3 15N HCI 8651 1.06
N4 L5N HCI 618 (191
N3 6N H.SO, 816-1.27
N4 6N H.S0, 691 +0.18
N1 h.5N HCL + 01N NaNO;‘ 1717 1 5.52
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Fig. 7 Effect of nitrogen on the decoy of active current
on the scratched surface (507C, 2. 5N HCI, 400mV (SCE) )

Table. 3 Activation energy determined by pit initiation
time method (20cc HCl injected)

:Specimen Condition Activation energy, Keal/mol
N3 | INHSO, 139.+ 469
N4 IN H:S0, 6.2+ 3
N4 |INH:S0,+0IN NaNOlg 1734720

Table. 4 Repassivation parometers obtained from scratch

method

Specimen Condition b
NI 25N HCl, +400mV(SCE) 1.38
N2 25N HCl, +400mV(SCE) 17

L N1 ‘ 25N HCl +0.IN NaNOs;, +40mV(SCE) 1.57
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Fig. 13 Depth profile of oxygen of the passive film

formed on Specimen N2
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Fig. 14 Depth profile of nitrogen of the passive film

formed on Specimen N2
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formed on Specimen N2

Table. 5 Effect of nitrogen on the ratio Cr.O,, CrOOH of

the passive Film by ESCA(IN HCI, +400mV(SCE)}

. o
Sputtering time, min

I

Specimen

0
N1 \ ~ 17 9|
N2 03 } 27 80 127 J

(— :not detected, * I not analysed)
xo] 7hE kT
N.+ 6H,0—2NO; + 12H* + 10e
(Ey=0.933V(SCE), 25 C, pH=0, Py - latm,(NO; } = 10 *mol)
NH," -3H,0—>NOs + 10H" -+ 8e
(Ey- 0.640V(SCE), 25 C, pH =0, [NOi = [NH."] ~10 "mol)
= A A7 0.640V(SCE)EE 0.933V(SCE) 2 ¢}
28 "o Aol shgatek et 1 12¢l 4]
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Fig. 16 Effectof alloyed nitrogen on the depth profile

of iron, chromium and molybdenum (open: Specimen N1,

closed: Specimen N2}
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