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Study on the thermal stability characteristic of nano-sized carbide in
the novel HSLA steel
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Abstract

The effect of precipitation strengthening in the
ferrite steel can be attained to about 300MPa

when the size of precipitation carbide is about 5
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nm. However many variables can influence the
carbide size largely, especially for the kind of
microalloying  elements and  treatment
temperature. From the present study it is found
that the complex alloy carbide can possess good
thermal stability as compared to single
component alloy carbide. The main discrepancy
of coarsening rate (namely thermal stability of
alloy carbide) between above mentioned
carbides is resulted form the different diffusivity
of alloy elements. From the experiment result it
reveals that larger difference of diffusivity can
inhibit the diffusion of alloy element into the
alloy carbide, and thus decrease the coarsening
rate of alloy carbide. On the other hand the
isothermal aging temperature can also influence
the size of precipitation alloy carbide largely.
The lower isothermal aging temperature can be
benefit for getting nano-sized alloy carbide due
to slower diffusivity of alloy element and larger
supersaturation of alloy carbide. Therefore lower
isothermal aging temperature can get a lot of
nano-sized carbide in the ferrite matrix and
attain higher precipitation strengthening effect.

Nano-sized carbide,
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carbide, supersaturation and Novel HSLA steel.
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Table 1 Chemical composition of three HSLA steels studied (wt%)

Steel [C Si Mn P Ti Mo Nb S N

Ti 0.1 0.1 1.5 0.010.2 ——- --— 44 40
Ti-Mo |0.1 0.1 1.5 0.01 0.2 0.2 ---- 44 40
Ti-Nb 0.1 0.1 1.5 0.01 0.2 ---- 0.04 43 40
* ppm

Table 2 Microhardness variation for various steel at different heat treatment

condition.

S5min  10min  60min %(%,)n—wm)‘
Steel i @750°C | 235 190 160 68.5%
Steel Ti-Nb@750°C | 245 197 180 73.4%
Steel Ti-Mo@750°C | 246 212 191 77.6%

Steel Ti-Mo@650°CJ 346 319 316 92.3%




3 min @1200°C

Smin 10min 60min

Fig. 1 Schematic diagram of heat treatment process.
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Fig. 3 schematic diagram showing the microhardness variation for various steels
under different treatment condition.
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Fig. 4 Transmission electron micrographs and corresponding EDX data showing
the characteristic of precipitated carbides for three different microalloyed steels
after isothermal holding at 750°C for 60 min.
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Fig. 5 Schematic illustration the variation of carbide size with different isothermal
holding times for three different microalloyed steels.



Fig. 6 Transmission electron micrographs show low magnification bright field
image, centered dark field image, high magnification bright field image and
corresponding diffraction pattern at different aging conditions. (a) 625°C 60min
supersaturated precipitation, (b) 625°C 60min interface precipitation.



Fig. 7 TEM image shows two kinds of precipitation in the Ti-Mo steel aging at
750°C for 60min. (a) low magnification bright field image, (b)Left grain is
strain induced precipitation, and (c) right grain is interface precipitation



Fig. 8 TEM image shows V shape carbides precipitation in the Ti-Mo steel after aging
at 750°C for 60min.



Fig. 9 TEM image shows autotempering martensite in the Ti-Mo steel after aging at
750°C for 30min



