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As Quenched Martensite with Precipitation Hardening
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Abstract

It is well known that Mn and Ni, Mo of substitutional elements is well known that not raise the
hardness of the martensite which facilitates martensite generated by increasing the hardenability,
although C of the interstitial element to increase the hardness of the steel martensite. In this report,
we investigated the contribution of various heat treatment conditions on the hardness during
quenching process by using the Fe-C-Ni-Mo steel. As a result, the combination of precipitation
strengthening and hardening remain martensitic structure, it has been found that there is a case

in which Ni and Mo content will affect the hardness of martensite.
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xR1 HEEL2OHHE (mass%)
Chemical compositions of the Fe-Ni-Mo alloy

C Si Mn P S Ni Cr Mo Sol.Al N
0.10 0.034 <0.001 0.005 0.005 6.12 0.16 0.02 0.004 0.0006
0.10 0.031 <0.001 0.004 0.005 6.09 0.15 0.51 0.016 0.0010
0.10 0.024 <0.001 0.005 0.006 6.18 0.15 1.02 0.015 0.0006
0.10 0.036 <0.001 0.005 0.005 797 0.14 0.02 0.012 0.0005
0.10 0.030 <0.001 0.005 0.005 8.14 0.14 0.33 0.018 0.0007
0.10 0.025 <0.001 0.004 0.005 8.12 0.18 0.75 0.015 0.0010
0.003 0.026 <0.001 0.005 0.006 8.04 0.15 0.49 0.001 0.0008
0.04 0.027 <0.001 0.005 0.005 8.07 0.15 0.48 0.002 0.0009
0.23 0.035 <0.001 0.004 0.006 7.88 0.14 0.24 0.013 0.0007
0.10 0.032 <0.001 0.006 0.005 9.92 0.16 0.02 0.018 0.0006
0.10 0.027 <0.001 0.005 0.006 10.05 0.16 0.59 0.014 0.0005
0.10 0.024 <0.001 0.004 0.004 10.05 0.17 0.87 0.011 0.0006
0.002 0.026 <0.001 0.005 0.006 10.06 0.16 0.50 0.002 0.0008
0.05 0.027 <0.001 0.004 0.004 10.01 0.15 0.40 0.001 0.0006
0.20 0.029 <0.001 0.005 0.005 9.89 0.15 0.40 0.019 0.0010
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Microstructure of as quenched specimen
(@) 0.1C-6Ni-0.5Mo and (b) 0.1C-10Ni-0.5Mo
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Hardness of quenched microstructure (heating rate: 3°C/s,
holding: 300s at 850°C)
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Comparison of hardness of quenched microstructure

(heating rate: 3°C/s, holding: 300s and heating rate: 30°C/
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Microstructures of 0.1C-10Ni-0.5Mo, (a) (b) heating rate:
3'C/s, holding: 300s, (c) (d) heating rate: 30°C/s, holding:
2s
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Microstructures of 0.1C-10Ni-0.5Mo, (a) heating rate: 3'C/
s, holding: 300s, (b) heating rate: 30°C/s, holding: 2s

(@) (c)
10 10
%00°C 3Cls 900°C 30°Cls
8 8
s 6 5
3 >
2 3
g 4 g4 L
£ I |I| g
2 2
0 0 .
0.1 02 03 04 01 02 03 04
(b) lath width (g m) (d) lath width (4t m)
10 10
. 685°C 3°Cls 700°C 30°Cls
8
S g,
> >
2 2
@ @
g ! g4
2 2
0

01 02 03 04
lath width (1t m)

02 03 04
lath width (& m)

0.1

7 3C/s\ZThn#k, 300s R##E, LU 30C/sIZT

nzk, 2s RIFEIGHL HEBO T XE X
Comparison of lath width of microstructures ((a) (b) heating
rate: 3°C/s, holding: 300s and (c) (d) heating rate: 30°C/s,
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Precipitate of the specimen heated at 3°C/s up to 850°C

and holded for 300s
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Precipitate of the specimen heated at 3°C/s up to 850°C
and holded for 300s
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Precipitate of the specimen heated at 30°C/s up to 850°C

and holded for 2s
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Precipitate of the specimen heated at 30°C/s up to 850°C
and holded for 2s
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