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Abstract: The effects of nitrogen-hydrogen mixed atmosphere heat treatment on microstructure and properties of 12Cr
ferritic-martensitic steel were studied by electron backscatter diffraction (EBSD) and microhardness (HV, ;). The re-
sults showed that the surface structure of the tube changed due to nitrogen infiltration after heat treatment, and a large
amount of martensite was formed near the surface, which decreased with the increased of nitrogen diffusion distance. The
nitriding layer would increase the surface hardness of the pipe. The microhardness analysis showed that the hardness value
at 20 pwm from the surface was 368HV s, and the transverse cracks was generated on the surface of the tube in the subse-
quent cold working deformation process. Based on the thermodynamic library TCFE11 and the kinetic library MOBFE6, a
thermodynamic model of heat treatment time and N-directional diffusion distance in the matrix at the boundary was estab-
lished to study the relationship between nitrogen infiltration and diffusion distance. The results showed that the nitrogen
content gradually decreased with the increase of diffusion distance, and the decreasing trend slowed down after the diffu-
sion distance reached 70 pwm. By studying the effect of nitrogen infiltration on the microstructure and properties of 12Cr
ferritic-martensitic steel, an annealing process for 12Cr ferritic-martensitic steel was developed, the pipe was heated in a
hydrogen atmosphere to 860 ‘C, holding it for 1 hour, and cooling it using a fan. Production verification confirmed that the
surface hardness of the treated pipes was approximately 210HV, (,;, meeting the requirements for cold working deforma-
tion.
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Table 1 The main chemical composition of 12Cr ferritic—
martensite steel %

C Mn P S Cr Ni Cu N Fe
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Table 2 Experimental tube number description
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Fig. 1 The comparison of low—magnification morphologic im-

age of the tube surface of 12Cr ferritic—martensitic steel before

(a) sample No. 2, (b)

and after cold working deformation :
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Fig. 2

simulate the variation curve of nitrogen content with distance in

The thermo-calc software was used to dynamically

1-hour of heat treatment of 12Cr ferritic—martensitic steel
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Fig. 3 SEM images near the surface of the cross section of the 12Cr ferritic—martensitic steel tube before heat treatment in nitrogen—

hydrogen mixed atmosphere: (a) 3 000X and the 10 000x local magnification of (b) region b; (¢) region c¢; (d) region d in (a)
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Fig. 4 Statistical comparison of carbide count distribution ver-

sus different equivalent diameters in Fig. 3b and 3d.
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Fig. 5 SEM images near the surface of the cross section of the 12Cr ferritic—martensitic steel tube after heat treatment in nitrogen—

hydrogen mixed atmosphere: (a) 3 000x and the 10 000X local magnification of (b) region b; (¢) region c¢; (d) region d;
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Fig. 6 Near—surface grain orientation of the cross section of the 12Cr ferritic-martensitic steel tube before and after heat treatment in

nitrogen and hydrogen mixed atmosphere :
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Fig. 7 The comparison of microhardness of 12Cr ferritic—

martensitic steel tubes in different process stages
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