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Study on the precipitation behavior of nano-sized carbide in the novel
tempered martensitic steel
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Abstract

Precipitation of nano-sized alloy carbide in
the novel HSLA steel during tempering is
different from plain carbon steel and would be
valuable for studying. From the present study it
is found that the nano-sized alloy carbide (MX
carbide) which possesses excellent thermal

stability could be precipitated in the ferrite

matrix during tempering treatment. According to
previous studies these nano-sized alloy carbides
could absorb hydrogen atom and delay hydrogen
embrittlement. On the other hand the slower
coarsening rate of nano-sized alloy carbide
would inhibit dislocation slip and climb
effectively and have good anti-tempering
softening characteristic. The single component
alloy carbide (TiC) and complex alloy carbide
[(TiMo)C] can be found in the present study. The
result shows that complex alloy carbide has
higher thermal stability as compared to single
component alloy carbide and can maintain their
strengthening effect during long time tempering.
The effect of decreasing dislocation annihilating
during tempering by the Mo element also be

observed in the present study.

Keywords: Tempering treatment, Nano-sized
carbide, Complex carbide, and Novel HSLA
steel.
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Table 1 Chemical composition (wt% of two studied HSLA steels and reference steels). [7]

Steel C Si Mn P Ti Mo Vv S N*
Ti 0.1 0.1 15 0.01 0.2 44 40
Ti-Mo 0.1 0.1 15 0.01 0.2 0.2 44 40
A 0.1 <0.005 1.99 1.6 49
B 0.1 <0.005 1.95 0.57 43
C 0.1 <0.005 2.0 1.59 0.57 44
D 0.1 <0.005 2.0 0.40 0.57 44
E 0.1 <0.005 2.0 0.40 0.30 44
Process A Process B
1200°C @ 3 min 1200°C @ 3 min
650°C 600°C
. I 600°C .
100°C/s 100°C/s 100°C /s
I 550C 100°C /s
\ 4 v v v v v v
30min 60min 10H 30H 100H 560H 1150H

Fig. 1 Schematic diagram of heat treatment process.
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Steel Ti

Fig. 2 Optical micrographs and corresponding SEM showing the original microstructure before

tempering treatment for two microalloyed steels. .

Fig. 3 TEM micrographs and corresponding diffraction pattern revealing the NW OR existing between

the martensite lath and retained austenite in the steel Ti.
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Fig. 4 Schematic diagram showing the
microhardness of two microalloyed steels
after quenching treatment.
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Steel Ti

Steel Ti-Mo

Fig. 5 Optical micrographs showing the microstructure evolution for two microalloyed steels under short time tempering treatment.
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Fig. 6 Schematic diagram showing the microhardness variation for two microalloyed steels under short time
tempering treatment (a) steel Ti, and (b) steel Ti-Mo.
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Fig. 7 Optical micrographs showing the microstructure evolution for two microalloyed steels under tempering treatment at 600°C  for different times. .
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Fig. 8 Schematic diagram showing the microhardness variation for seven microalloyed steels under long time
tempering treatment.
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Fig. 9 Transmission electron micrographs and corresponding diffraction pattern showing the characteristic of
precipitated carbides for steel Ti-Mo after tempering at 600°C for (a) 100 hours and (b) 1150 hours.
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(b)

Fig. 10 Transmission electron micrographs and corresponding diffraction pattern showing
the characteristic of precipitated carbides for steel Ti after tempering at 600°C for (a)
100 hours and (b) 1150 hours. .



Fig. 11 Transmission electron micrographs showing the dislocation network structure in the
(a) steel Ti-Mo, and (b) steel Ti after tempering at 600°C for 1150 hours.
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Fig. 12 Transmission electron micrographs revealing precipitation carbide nucleated at
dislocation in the steel Ti-Mo after tempering at 600°C for 100 hours.
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