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Absract In Nb, V and Ti added steels, carbo-nitrides are formed due to their strong interaction with C and N.
The formation of carbo-nitrides has an important role to control the microstructure as well as mechanical proper-
ties by grain size refinement and precipitation hardening, However, the quantitative analysis of distribution of pre-
cipitates and the effect of precipitates on the phase transformation and mechanical properties are still far from
satisfactory. In this study, the quantitative analysis of precipitates in austenite was investigated using the fact that
the formation of precipitates in Nb, V and Ti added steels accelerates austenite/ferrite transformation. The forma-
tion of precipitates was controlled by adjusting holding temperature and time in austenite region. transformed Vol-
ume fractions were measured by dilatometer during slow cooling. Iso-precipitation kinetics were determined by
comparing 5% and 50% volumes transformed at various conditions respectively. The result was compared with

the calculated.
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Table 1. Chemical composition of the steel examined in
the present study (wt%)

C SI {Mn| P S AL [ Nb | N
0.0850.304| 1.5 |0.012|0.003|0.023 | 0.05 | 0.004
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Fig. 1. The conversion of transformed volume from
dilatation curves.
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Fig. 2. The variation of 5% and 50% transformed
volume temperatures with holding times at 850°C.

7107
700
690'_‘
680j

660 /
6501 L

T(Transformed volume)(T)

40}

o §50%
620

- '
6107 J
600’: .\
590 T T r r T T T v T

0 1 2 3 4

log(time) sec

Fig. 3. The varation of 5% and 50% transformed
volume temperatures with holding times at 900°C.
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Fig. 4. Optical micrographs of specimens with holding
times at 900°C.
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Fig. 5. The variation of 5% and 50% transformed
volume temperatures with holding times at 950°C.
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Fig. 6. The variation of 5% and 50% transformed volume Fig. 7. The variation of 5% and 50% transformed
temperatures with holding times at 1000°C. volume temperatures with holding times at 1050°C.
Table 2. The measured 5% and 50% transformation temperatures after holding at temperatures
holding time (sec)
10 100 500 1000 3000 5000 10000
holding Tem. (°C)
750 5% 645 650 - 660 - 645 -
50% 600 600 - 595 - 595 -
900 5% 648 - - - 675 660 705
50% 595 - - - 615 610 635
950 5% - - 600 675 - 710 880
50% - - 570 610 - 630 650
1000 5% - - 715 660 695 845 810
50% - - 600 610 645 730 650
5% 630 665 - 675 - 635 -
1050
50% 590 595 - 600 - 600 -
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Fig. 8. The estimated iso-precipitation curves for 5%
and 50% transformed volume temperatures.
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Fig. 9. The comparison of the calculated precipitation
kinetics with the measured.
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