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The Effect of Applied Thermal Cycle Conditions on Chemistry and
Volume Fraction of M-A Constituent Formed in a Low Alloy Steel

Shigeru Expo

Synopsis :

Effects of reheating temperature, corresponding to austenite single phase or ferrite-austenite two-phase region, on

chemical and quantitative changes in Martensite and Austenite (M-A) constituents in a low alloy steel were examined.

Reheating to austenite single phase results in bainite microstructure containing M-A constituents.

Enrichment of

carbon in the M-A constituents is observed. Any substantial difference in Mn content between the M-A constituents
and surroundings is not observed. T, temperature of the steel which chemistry is equal to the M- A constituents is close
to the bainite transformation finishing temperature.
constituents are observed in ferrite and reveal higher carbon and Mn contents than the ferrite. Carbon content of the
M-A constituents decreases and Mn content increases with increasing holding time of reheating at the two-phase
region. The M-A constituents observed in the materials reheated to austenite single phase region show higher carbon
content than those in the steel reheated to ferrite and austenite two phase region.
Key words : low alloy steel ; M-A constituent ; chemistry of M-A constituents ; bainite ; thermal treatments ; paraequilibrium.
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Table 1. Chemical compositions of the materials

used.

Steel C Si Mn P S
A 0.05 0.3 1.5 | 0.008 | 0.001
B 0.70 0.3 1.5 0.010 | 0.001
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Fig. 1. Change in length of a specimen reheated to
1023K and held for 600s.
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Fig. 2. SEM micrographs of the materials reheated
to 1373K and 1023K.
(a; 1373K reheated, b; 1023K reheated)
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Fig. 3. Carbon content of M-A constituents anal-
yzed by EPMA.
(a: 1373K reheated, b: 1023K reheated)
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Fig. 4. SEM micrographs and images of character-
istic X-ray of Carbon K& and Mn Ka.
(a: 1373K reheated, b: 1023K reheated)
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Fig. 5. SEM micrographs of the materials with
different holding times at 1023K.
(a; Held for 5, b; Held for 600s, ¢ ; Starting
microstructure)
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Fig. 6. Effect of the holding time on the volume
fraction of M-A constituents.
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Fig. 7. Images of characteristic X-ray of carbon K&
and Mn K« for the specimens kept at 1023K
for 5s and 600s.
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Fig. 8. Effect of holding time at 1023K on intensity
of characteristic X ray of carbon Ka.
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Table 2. Carbon content and volume fraction of M-A
constituents and those in austenite (y)
which is paraequilibrium to ferrite(a).

C content Volume fraction
Y paraequilibrium to o 2.4 mass % 1.5 %
M-A constituents 0.45-0.72 mass % 5-8 %
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Fig. 9. Carbon content of M-A calculated and anal-
yzed in the paraequilibrium phase diagram.
(ymn : Site fraction of Mn)
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Fig. 11. Microstructures of the materials cooled at a rate of 5K/s, 10K/s and 20K/s.
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