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Abstract: As an effective approach for improving the match of strength and ductility of martensitic stainless
steel, the processing of quenching and partitioning (Q&.P) is seldom implemented in industrial practice of
commercial steels due to two factors: the one is difficulty in accurate controlling the quenching suspending
temperature, and another is large amount of carbide precipitation within martensite during partitioning. In
this work, an experimental medium-carbon martensitic stainless steel of 30Cr15NiMo is designed and
fabricated. The effects of processing parameters on microstructures revolution are investigated, and the
mechanism of strengthening and toughening is clarified as well, through microstructure characterization and
mechanical property testing conduct on Q&P treated samples. The research results show that, the
martensitic start (M,) temperature of the testing steel is approximately 200 °C after complete
austenitization, and a compound microstructure of martensite and retained austenite can be obtained after
the sample being cooled to ambient temperature. The excellent comprehensive mechanical properties of
1255 MPa in yield strength, 1631 MPa in tensile strength, 18.5% in elongation and 42% in area reduction
can be achieved in the hot rolled testing steel plate subjected to tempering-assisted partitioning treatment at
480 ‘C. The microstructure characterization confirms the volume fraction of retained austenite is
approximately 20.2%, and small amount of cementite precipitated inside martensite, these factors improve
the uniform elongation and non-uniform elongation synergistically. The research results provide
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fundamental basis for further optimizing in chemistry and processing.
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Fig.1 OM microstructure of testing steel subjected to

annealing heat-treatment
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Fig.2 Temperature-dilatation curves of annealed testing

steel upon cooling to room temperature after austenitization

at different temperature
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Fig.3 OM microstructures of testing steel subjected to Q&-P heat-treatment with different T,
(a)55 °C;(b)40 °C; (¢)25°C;(d)10°C
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Fig.4 XRD spectrums of testing steel subjected to Q&.P

heat-treatment with different T,
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Table 1 Mechanical properties of testing steel subjected to
Q&P heat-treatment with different Ty, together with the

volume fraction of retained austenite

Y V) Ru/ R/ AJ A A—AJ Z/

C % MPa MPa % % % %
55 23.6 1024 1574 14.5 15.4 0.9 14
40 24.4 1177 1589 9.8 15.0 5.2 25
25 22.1 1253 1649 8.0 15.4 7.4 40
10 21.4 1262 1665 6.7 16.1 9.4 45
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Fig.5 Tensile strain-stress curves testing steel subjected to

Q&P heat-treatment with different T,
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Fig.6 Tensile strain-stress curves testing steel subjected to

Q&P heat-treatment with different T}
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Table 2 Mechanical properties of testing steel subjected to
Q&P heat-treatment with different T}, together with the

volume fraction of retained austenite

T/ V) Ry R A/ A A—A/ Z/
C % MPa  MPa % % % %
430 183 1232 1632 9.0 156 6.6 35
450 221 1253 1649 8.0 154 7.4 40
480 202 1255 1631 88 185 9.7 42
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Fig.7 EBSD characterization result of testing steel subjected to Q&P heat-treatment with T, at 1050 °C, T, at 25 °C and T, at 480 °C respectively

(a)inverse pole figure; (b)phase distribution diagram
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Fig.8 TEM images of testing steel subjected to Q&P heat-treatment with T, at 1050 °C, T, at 25 °C and T} at 480 °C respectively

(a)BF,lath martensite ; (b) BF , twin martensite ; (¢ )BF, morphology of martensite and RA ; (d)DF , morphology of RA ,inserted SAED of RA
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Fig.9 TEM images of testing steel subjected to Q&P heat treatment at different T}
(a)450 °C; (b)480 °C
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