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Influence of Carbon and Nitrogen on Intergranular Corrosion of an Fe-18Cr Alloy

Mitsuyuki Fupsawa, Shin Isnikawa, Yasushi Karo, Takumi Usnro and Susumu Sato

Synopsis : In order to study the difference between the effects of carbon and nitrogen on intergranular corrosion of ferritic stainless
steels, Fe-Cr alloys were chosen as a model system. Five different Fe-18Cr alloys with carbon concentrations of 0.001
to 0.013 mass percent and nitrogen concentrations of 0.002 to 0.013 mass percent were utilized to observe the

susceptibilities to intergranular corrosion and the growth rates of (Fe, Cr),C; carbide and Cr,N nitride particles

precipitated on grain boundaries. The intergranular corrosion of the alloys, which were homogenized at 1273K for 600s
and then annealed at 873K for 100 to 1000s, in chrolide solutions is more pronounced at high carbon concentrations than

at high nitrogen concentrations.

The difference in the susceptibilities to intergranular corrosion is due to greater

thickness of chromium depleted zones along grain boundaries in the high carbon alloys than in the high nitrogen alloys,
resulting from a greater growth rate for the carbide than for the nitride.
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Table 1. Chemical compositions of specimens in
mass percent.

Alloy C N Cr Si Mn P S Al (0]
LCN* 0.0007 0.0021 17.9 <0.01 <0.01 0.001 0.001 <0.004 0.0027
Cl1  0.0058 0.0017 18.4 <0.01 <0.01 0.001 0.001 <0.004 0.0088
C2 00125 0.0035 18.1 <0.01 <0.01 0.001 0.001 <0.004 0.0037
N1 0.0007 0.0056 18.2 <0.01 <0.01 0.001 0.001 <0.004 0.0053
N2  0.0010 0.0132 17.8 <0.01 <0.01 0.001 0.001 <0.004 0.0066

*__..Ni, Co, Cu, Ti, Nb:0.001mass% ; Mo, Zn, Mg, W, Zr, As:<0.001mass% ;
Ca:<0.0002mass% ; H:0.00005mass%

Table 2. Test conditions of eletrochemical potentio-
kinetic reactivation (EPR).
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and the cooling conditions on the corrosion
rate of Fe-189 Cr alloy in a 6mass% FeCl,
—0.05kmol-m~*HCI solution at 313K.

Fig. 1.

Fig. 2. Cross sectional microstructures of the speci-

mens exposed in a 6mass% FeCl;— 0.05
kmol-m2HCI solution at 323K.
(a) Alloy LCN rapidly cooled after annealing
at 1173K for 600s with an exposure time of
129.6ks, and (b) alloly C2 rapidly cooled after
annealing at 1273K for 600s with an expo-
sure time of 57.6ks.
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Fig. 3. Effects of the carbon and nitrogen addition
on electrochemical potentiokinetic reactiva-
tion(EPR) curves of an Fe-18% Cr alloy.
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Fig. 4. Transmission electron micrographs of the
specimens aircooled after annealing. (a)
Alloy LCN annealed at 1173K for 600s, (b)
alloy C2 annealed at 1273K for 600s, and (c)
alloy N2 annealed at 1273K for 600s.
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Fig. 5. Transmission electron micrographs of the
specimens rapidly cooled after annealing.
(a) Alloy LCN annealed at 1173K for 600s,
(b) alloy C2 annealed at 1273K for 600s, and
(c)alloy N2 annealed at 1273K for 600s.
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Fig. 6. Concentration profiles of chromium along
the direction normal to grain boundaries in
alloys LCN and C2 rapidly cooled after
annealing.
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Fig. 8. Time-temperature-sensitization curves of
(a)alloy C1 and (b)alloy N1.
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Fig. 9. Transmission electron micrographs of (a)
alloy C1, (b)alloy C1, (c)alloy N1 and (d)
alloy N1 annealed at 873K for 60s, 36ks, 60s
and 36ks respectively.
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