












Fig. 7-A fragmented cuboidal precipitate found aftcr heat treatment for
24 h at 1100 "C. The Ti/(Ti + V) ratio is 0.78. The diffraction paltem
shows extensive radial streaking, indicating misorientations >15 deg
between different regions of the particle.

Fig. Ha) STEM/EDX analysis of the Til(Ti + V) ratio at different
loeations in a fi-agmented particle from a sample heat treated for 24 h at
1100 "C. The ratio is significantly lower at the center of the partic1c" (h) As
in Fig. 8(a), ror a perfect particle.

ranges. This could lead to phase separation into two com-
plex carbonitrides, one C rich and the other N rich, as dis-
cussed in the articles of Rudyf23! and Akamatsu el a!.fIS!

The thermodynamic data used in the calculations are
listed in Table IV. As noted earlier, some of the thermo-
dynamic interaction parameters in the Fe- Ti- V -C-N system
are not available, especially those describing the interaction
between the Ti and V. This intrOduces a degree of uncer-
tainty into the caleulations, since the interactions between
the Ti and V are likely to playa significant role in the
precipitation of mixed carbonitrides or nitrides in austenite.

The volume fractions of the nitrogen-containing precip-
itates (i.e., (Ti, V)N for the austenite + (Ti, V)N + VC
equilibrium and (Ti, V) (C, N) for the complex carbonitride
+ austenite equilibrium) predicted by these two approaches
are compared in Figure 16. For the first type of equilibrium,
the carbide precipitation reaction starts at 850 °C, so that
above this temperature, only a nitride would be found. For

the second equilibrium, phase separation is predicted to oc-
cur only below about 850 <>C, so that only a single carbon-
itride should exist above this temperature. Moreover, the
carbon content in the complex carbonitride precipitate was
found to decrease rapidly with increasing temperature so that
at temperatures of 1000 <>C or higher, essentially a pure (Ti,
V)N is predicted to be the stable phase. This explains why
the volume fraction of nitride predicted by either approach
(Figure 16) is the same in the temperature range of interest
to this study. The phenomenon of phase separation, as pre-
dicted by Rudyl231 and Akamatsu et al.,1'51 for a quaternary
system has been confirmed by the calculations reported here.
Although the absolute differenee of the free energies asso-
ciated with the different models is very small, the lowest free
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