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Abstract

The surface characteristics of 13Cr stainless steel systems by plasma nitriding were
investigated. The plasma nitriding for the 13Cr steels, in which the nitriding forming elements
such as Ti, V, W, Nb, Al, Zr and Si were added about 2~3wt. %, respectively, was
performed.

In all nitrided specimens, &€-Fe,;N, Y -Fe,N and CrN were detected as the nitrides with the a-
Fe in the nitrided layer. VN and B-W,N were also detected in 13Cr-3V and 13Cr-3W alloys.
The growth of the nitrided layer was controlled by the diffusion process. The thickness of the
nitrided layer was similar in the 13Cr-2Nb and 3Zr specimens to that of 13Cr (BM) specimen,
while the others exhibited the thinner layer. The activation energy for the growth of the nitrided
layer in the temperature range of 773~873K was about 130kJ/mol in 13Cr(BM), 13Cr-2Ti, 3W,
3Al, 3Zr and 3Si alloys. The hardness of the nitrided specimens was significantly increased
above Hv1000, comparing to the non-nitrided specimen. The specimens with the nitrided
forming elements revealed much higher hardness values and, especially, 13Cr-3Al, 3V and 3Si
specimens were significantly hardened up to Hv1300.
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Table 1 Chemical compositions of materials used

Materials Chemical compositions (wt. %)

C Si Mn P S Cr Ti v w Nb Al Zr
13Cr(BM) 0.11 0.28 0.28 | 0.005 | 0.001 [ 13.00 | 0.001 | 0.021 | 0.001
13Cr-2Ti 0.10 | 0.35 0.33 | 0.004 | 0.001 | 12.91 | 2.43 - - - -
13Cr-3V 0.10 | 0.33 | 0.35 | 0.005 | 0.001 } 13.05 2.98 - - - -
13Cr-3W 0.10 0.25 0.32 | 0.005 | 0.001 | 13.01 2.94 -
13Cr-2Nb 0.10 | 0.30 | 0.32 | 0.003 | 0.001 | 13.07 - - 1.94
13Cr-3Al 0.10 0.29 0.34 | 0.007 | 0.001 | 12.95 3.08 -
13Cr-3Zr 0.11 0.31 0.32 | 0.004 | 0.001 | 12.81 3.29
13Cr-3Si 0.10 2.71 0.34 | 0.002 | 0.001 | 13.00 - - - - - -
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Variation of the thickness of nitrided layer in
13Cr-3Zr and 3Si with different nitriding time
at 823K
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Table 2 Idendified phases on the surface of nitrided
layer by X-ray diffraction

Materials

13Cr (BM)

Identified phases

a-Fe, £-FeysN, v -Fe,N, CrN*

13Cr-2Ti | a-Fe®, £-FeysN, y'-Fe,N*, CrN*

13Cr-3V | e-Fe®, £-Fe;sN, Y’ -Fe,N, CrN, VN

13Cr-3W | a-Fe®, £-Fe, 3N, Y -Fe,N, CrN, p-W2N*

13Cr-2Nb | a-Fe®, e-Fe; 3N, v’ -FesN, CrN*, a’-NbN*

13Cr-3A1 | a-Fe*, £-Fe;sN, v’ -FesN, CrN*
13Cr-3Zr
13Cr-3Si

a-Fe, e-Fe,sN, y’'-Fe,N, CrN*

a-Fe*, £-FepaN, y'-FeN, CrN*®

* means weak intensity of X-ray diffraction peak
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Table 3 Activation energy, Q, for the growth of

nitrided layer

Materials Q. kJ/mol (773~873K)

13Cr(BM) 134
13Cr-2Ti 128
13Cr-3V 188
13Cr-3W 126
13Cr-2Nb 110
13Cr-3Al 129
13Cr-3Zr 142
13Cr-3Si 126
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