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The Composition Dependent Intergranular Corrosion Mechanism in Stainless Steels

Seizaburo Arpg, Michio Kaneko and Takehisa Mizunuma

Intergranular corrosion(IGC) in stainless steels can be well explained by following two mechanisms : “Composition
dependent IGC” and “Compound dependent IGC”. In this paper, the composition dependent IGC mechanism was
discussed. In this mechanism, it has been confirmed that IGC was induced only by the difference of corrosion rates at
grainboundaries (GB) and the matrix, due to the change of the chemical composition of GB from that of the matrix.

The high concentration of P due to the GB segregation causes very severe IGC at active state corrosion potentials
as in H,SO, solution, where the Cr depleted zone never induces IGC. The Cr depleted zone is responsible for IGC in
the passive state corrosion potential region as in most of standardized IGC test solutions, where only the high
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concentration of P at GB is not responsible for IGC.
In the next paper, the compound dependent IGC mechanism will be presented.
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Table 1. Chemical composition of test specimens (mass2).

Alloys C Si Mn P S Ni Cr Others
Commercial Grade 0.046 0.32 0.13 0.023 0.003 0.03 16.05 Al :0.124
Type 430
Commercial Grade 0.051 0.70 0.92 0.027 0.004 9.21 18.31 —
Type 304
Laboratory Melt <0.006 <0.06 <0.07 <0.004 <0.004 <0.06 0.04~24.70 —
Fe-Cr Alloy
Laboratory Melt <0.004 0.60 1.20 <0.003 <0.008 11.50 1.00~24.71 —
Fe-11.5Ni-Cr Alloy
Laboratory Melt <0.005 <0.04 <0.08 0.003~ <0.003 0.04 16.75 —
Fe-17Cr-P Alloy 1.98
Laboratory Melt <0.003 <0.10 0.85 0.003~ <0.005 14.20 18.80 —
Fe-18Cr-14Ni-P Alloy 0.30
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Fig. 1. Concentration profiles of Cr and P from GB
surface to matrix measured by MICRO-AES
in commercial grade Type 430, continuously
annealed at 1000°C for 2 min and water
quenched.
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surface to matrix measured by MICRO-AES
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Fig. 2.

Fig. 3. Optical micrograph of IGC in commercial
grade Type 430, batch annealed at 820°C for
4h and corrosion tested in 3.06kmol / m®
H,SO, solution at 80°C for 90s.
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Fig. 4. Dependence of general corrosion depth of
Fe-Cr and Fe-11.5mass% Ni-Cr alloys on
Cr content, corrosion tested in 3.06kmol/m?
szsg%; solution at 80°C and b. p., respectively
or 90s.
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Fig. 5. Dependence of general corrosion rate of Fe-
17mass% Cr-P alloy on P content in 3.06
kmol/m?® H,SO, solution at 80°C for 90s.
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Fig. 6. Dependence of susceptibility to IGC of Fe-
17mass?% Cr-P alloy on P content and sensit-
ization temperature for 8h after SHT at
1000°C in 3.06kmol/m® H,SO, solution at
80°C for 90s. (@ : IGC Width>20um, @ : IGC
Width 10~20um, @ : IGC Width 0~10«m,
O: No IGC)
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Fig. 7. Reversibility of IGC by heat treatments in Fe-17mass%Cr-0.025mass%P dlloy, corrosion tested in

3.06kmol/m3 H,SO, solution at 80°C for 90s.

(a) Heat treated at 1000°C for 60s and water quenched(SHT) (b) Heat treated at 900°C for 4h and water quenched after SHT (AHT)
(c) Heat treated at 1000°C for 2h and water quenched after AHT (2nd SHT) (d) Heat treated at 900°C for 8h and water quenched after

2nd SHT.
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Fig. 8. Cathodic polarization curves of Fe-17

mass% Cr-0.004, 0.035, 0.176 and 0.342
mass% P alloys in 3.06 kmol/m?® H,SO, solu-
tion at 80°C.
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Fig. 9. Dependence of corrosion potential of Fe-17
mass?% Cr-P alloys on P content in 3.06
kmol/m?® H,SO, solution at 80°C.
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Fig. 10. Dependence of general corrosion rate of
Fe-Cr and Fe-11.5mass% Ni-Cr alloys on
Cr content, corrosion tested in standardized
HNO;-HF test solution.
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Fig. 11. Dependence of general corrosion rate of
Fe-Cr and Fe-11.5mass?% Ni-Cr alloys on
Cr content, corrosion tested in standardized
H,S0,-CuSO0, test solution.
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Fig. 12. Dependence of general corrosion depth of
Fe-Cr alloy on Cr content, corrosion tested
in 0.79, 2.38 and 7.94kmol/m® HNO; solu-
tion at 50°C for 90s.

Fig. 13. Optical micrograph of IGC in commercial
grade Type 430, continuously annealed at
1000°C for 2 min and water quenched, and
corrosion tested in 2.38kmol/m® HNO;-2.5

kmol/m?® HF solution at 50°C for 90s.

Fig. 14. Surface morphologies of commercial grade Type 430, continuously annealed at 1000°C for 2 min and
water quenched, and corrosion tested in 2.38kmol/m® HNO; solution at 50°C for 90s.

(a) As corrosion tested (b) As bent after corrosion test
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Fig. 15. SEM micrograph of cross section of com-
mercial grade Type 430, continuously an-
nealed at 1000°C for 2 min and water quen-
ched, and corrosion tested in 2.38kmol/m?
HNO; solution at 50°C for 90s.
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