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ABSTRACT: Solid nitriding of the C422 (22Cr12NiMoWYV) steel was carried out to investigate microstructure of the nitriding
layer and notch sensitivity of the nitride steel, which provided a technical support for evaluating service reliability of the C422

steam turbine valve stem. Composition, phase and mechanical property tests, as well as cross-sectional and fracture surface

WRREH: 2021-04-12; EITHH: 2021-06-19

Received: 2021-04-12; Revised: 2021-06-19

EEWA: %4 H 8 LHRENHRTENTHHARA (2016 5-CL-02)

Fund: Science and Technology Foundation of Anhui Xinli Electric Technology Consulting Co., Ltd., (2016 Zi-CL-02)

EERT: 2R (1995—), B, MEARE, TRATH @A BB TR KL

Biography: QIN Xiao-long (1995—), Male, Postgraduate, Research focus: supervision and failure analysis of the materials in power station.
BIEE: A9 (1969—), B, Ht, &, TEHMRH @AM R XS A bt & FHEMH

Corresponding author: TANG Wen-ming (1969—), Male, Doctor, Professor, Research focus: materials failure analysis and advanced
electronic packaging materials.

IR AL, Kk, SAE, £ BRER C422 My T M AL B o SR T]. A@AE AR, 2022, 51(2): 223-231.

QIN Xiao-long, ZHANG Jian, MIAO Chun-hui, et al. Microstructure and Notch Sensitivity of C422 Steel via Solid Nitriding[J]. Surface
Technology, 2022, 51(2): 223-231.



- 224 - EN TR NN

2022 42 A

observations were employed to clarify microstructure of the nitriding layers under different nitriding temperatures and times,

and also effect of nitriding on mechanical properties of the C422 steel samples with/without notch. Accordingly, notch

sensitivity of the nitrided steel was estimated. The results show that surface nitriding layer of the C422 steel is mainly composed
of Fe3N, FeyN, Cry3Cq, CrN, VN and WN. After nitriding at 550 “C for 6 h, the nitriding layer of 80 pum in thickness is dense,

and has high hardness. As increasing the nitriding temperature and time, the thickness of the nitriding layer is not apparently

changed, but the coarse microstructure and surficial microcracks are detectable. The C422 steel samples with/without nitriding

both have a notch sensitivity ratio less than 1, indicating that the steel is sensitive to notch, and nitriding increases notch

sensitivity. After nitriding, the yielding-to-tensile ratio/the plasticity of the C422 steel sample increases/decreases, meanwhile

cleavage of the nitriding layer suggests an apparent brittle fracture characteristic. The optimal solid nitriding parameters of the

C422 steel are the nitriding temperature of 550 ‘C and the holding time of 6 h. The nitriding layer is dense and high in hardness.

Nitriding has no apparent effect on the notch sensitivity of the C422 steel, but results in embrittlement of the steel.
KEY WORDS: C422 (22Cr12NiMoWYV) steel; solid nitriding; nitriding layer; mechanical property; notch sensitivity
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Tab.1 Chemical composition of the C422 steel

wt.%
Samples Si Mn Cr Ni v Mo w
As-tested 0.49 0.66 11.45 0.70 0.20 0.91 1.03
GB/T 20410—2006 <0.50 0.50~1.00  11.00~13.00  0.50~1.00 0.20~0.40 0.75~1.25 0.70~1.25
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Fig.1 Dimensions of the notched tensile sample
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Fig.2 Microstructures of the heat-treated C422 steel samples:
(a) after quenching; (b) after quenching and tempering
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Fig.4 N atom distribution curves of the nitriding layers of
the C422 steel samples: (a) after nitriding at different
temperatures for 6 h; (b) after nitriding at
550 ‘C for various times
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Fig.5 Optical cross-sectional images of the nitrided layers of the C422 samples under different nitriding conditions
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Fig.6 Microhardness distribution curves of the nitriding layers of the C422 steel samples:
(a) after nitriding at different temperatures for 6 h; (b) after nitriding at 550 “C for various times
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Tab.2 Tensile mechanical properties of the C422 steel samples

States R,/MPa Ry02/MPa Ryo2/Rpy Al% Z/%
Unnotched, without nitriding 826 510 0.62 18.71 18.33
Unnotched, nitriding 815 580 0.71 13.81 7.00
Notched, without nitriding 697 549 0.79 3.60 2.67
Notched, nitriding 686 581 0.85 1.95 1.11
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Fig.8 Low-magnification SEM tensile fractographs of the C422 steel samples: (a) unnotched, without nitriding;
(b) unnotched with nitriding; (c) notched without nitriding; (d) notched with nitriding
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