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Dissolution and coarsening of large niobium
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Observations and measurements of the kinetics of coarsening and dissolution of large
cuboidal niobium carbonitrides during solution treatments of a high nitrogen niobium
microalloyed steel are reported. At temperatures between 1473 and 1573 K a competitive
coarsening and dissolution process was established where the larger niobium carbonitrides
grew at the expense of the smaller, or employing niobium and nitrogen which remained in
solid solution. In this temperature range growth or dissolution rates and critical sizes could
be determined from the analysis of the evolution of particle size distribution. At higher
temperatures (1623-1723 K), only a dissolution process existed, where the dissolution rates
as a function of particle size was found to increase with increasing temperature.

1. Introduction

An excess of nitrogen in the liquid state of micro-
alloyed steels is known to be deleterious because
nitrogen enhances the formation of large carbonitrides
of some microalloying elements during casting [ 1-4].
Once formed, the large (typically cuboidal) carbonitri-
des are known to be very stable and may represent at
least a partial waste of the valuable microalloying
elements.

The main contribution of niobium, vanadium, tita-
nium or other elements in fabricating microalloyed
steels is the formation of very small carbide, carbide or
carbocarbonitride precipitates. These precipitates are
formed in the austenite field and have the role of
retarding grain growth and recrystallization during or
immediately after the hot-rolling process [5-7].
Therefore, the transformation yields a fine-grained
ferrite. The very fine precipitates also strengthen the
ferrite [8, 9].

The blast furnace-basic oxygen steelmaking prac-
tice of microalloyed steels is followed by a ladle metal-
lurgy stage where the final alloy adjustment is made.
In the ladle, a nitrogen jet for the agitation of the
liquid steel is frequently employed. Excessive exposure
of the melt to the nitrogen jet causes an increase in the
nitrogen in the steel to excessive levels which make
favourable the formation of large niobium carbonitri-
des. Controlled additions of titanium or aluminium
are sometimes made as nitrogen traps to prevent the
formation of the large niobium carbonitrides [1].

The present work was undertaken to study the
kinetics of the coarsening and/or the dissolution of
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large cuboidal carbonitrides of a high nitrogen
niobium microalloyed steel at high temperatures,
large particles being > 250 nm. Relevant works
concerning precipitates in microalloyed steels have
considered these kinetic processes, but only for par-
ticles smaller than 50 nm, both theoretically and ex-
perimentally [8-10]. In practice, the extent of dissolu-
tion of these particles depends critically on the particle
size distribution. It has been reported that while for
large particles the dissolution temperature is above
1600 K, the dissolution temperature for small particles
of 1 nm size may be as low as 1290 K [1, 11-14]. In
this work the kinetics of the coarsening and dissolu-
tion of the large cuboidal niobium carbonitrides was
characterized by analysing the evolution of particle
size distribution in samples treated at high temper-
atures [ 14, 15]. We were able to determine the rate of
growth or dissolution of particles as a function of size,
the critical size for zero growth at given temperatures
and a curve for the volume fraction of the steel
occupied by the precipitates also as a function of the
treatment temperature.

2. Experimental procedure

Steel billets and hot-rolled steel bars from a special
heat of steel which was designed aiming to develop
weldable microalloyed reinforcing steels under the
British specification B4999, were used. As stated be-
fore, the fabrication process is a conventional blast
furnace-basic oxygen converter, followed by ladle
metallurgy where the alloy adjustment was made and
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where the sampie for the chemical analysis was taken.
In the ladle the steel was agitated using a nitrogen jet.
The liquid steel was poured in a continuous casting
machine to produce billets of square section of about
15 cm each side. The billets were reheated at 1423 °C
and rolled in a mill to obtain deformed bars of 12 mm
diameter.

To perform the experiments described in this paper,
we obtained a slice of one billet and a segment of a bar.
From the centre of the slice of the billet a set of
samples of about 1 cm?® were machined. The solution
treatments of the samples were made in a high-
temperature Lindberg furnace with temperature con-
troller within a 5K range. Reference annealing of
1800 s at 1373 K, was performed and five heat treat-
ments at 1473, 1573, 1623, 1673 and 1723 K, also for
1800 s were carried out. Subsequently samples were
quenched in agitated oil.

The metallographic examinations were performed
on samples of the billet as-received, annealed and
quenched. Deep grinding was used to avoid the thick
decarburized layer formed during the annealing
Polishing was done using sand paper and 1 and
0.3 um alumina powder. The samples were further
etched using a saturated aqueous Nital. Observations
were performed in a Jeol JSM-T200 scanning electron
microscope, assisted with an EDAX analyser. With
this instrument the large cuboidal niobium particles
could be clearly identified in the ferrite—pearlite struc-
ture of the steel billet as-received or in the structure of
the annealed and quenched material. The EDAX de-
tector was not able to detect elements as light as
carbon or nitrogen, therefore we could not establish
with this instrument if the large cuboidal particles
were simple nitrides of niobium or if they were car-
bonitrides. The latter is more accepted by other au-
thors in the literature, therefore we decided to employ
carbonitrides [1, 6, 9].

The particle size distribution of the cuboidal
niobium carbonitrides was calculated in cumulative
form computing on average, 150 measurements of
particle sizes in each sample, covering an area of
0.5 mm? of each sample. A cumulative size distribu-
tion represents the number of particles per unit area or
volume which are equal or larger than the given size.
The two-dimensional histograms obtained in each
sample were converted to three dimensions using
standard techniques [17, 18]. Because the distribu-
tions could be closely approximated by log normal
functions, especially when expressed in the form of
cumulative distributions, this continuous expression
was used instead of the original histograms. The
calculation of the average rate of growth or dissolu-
tion of the particles as a function of the size was done
by analysing the evolution of the cumulative distribu-
tions with a methodology described elsewhere [15].
The volume fraction occupied by the large niobium
carbonitrides was calculated using the appropriate
weight function in the integration of each size distribu-
tion.

For the TEM observations a thin foil was machined
from a sample of the hot-rolled bar. Discs of 3 mm
diameter were cut from the foil and etched in a twin-jet
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electropolishing machine using a 10% perchloric acid
solution in ethanol. The TEM used was a Jeol 100CX.

3. Results and discussion

The steel composition (wt%) is 0.21C, 1.61Mn, 0.34Si,
0.022P, 0.018S, 0.046Nb, 0.003Al and 0.0073N. The
microstructure of the steel billet in the as-received
condition was formed by ferrite and pearlite. Cuboidal
particles were found mainly in the ferrite field as is
shown in Fig. 1. These particles could also be identi-
fied in the matrix of the solution-treated and quenched
samples (Fig. 2). The EDAX pattern of one of these
cuboidal particles is depicted in Fig. 3, where the

Figure 2 Cuboidal niobium carbonitride in a sample solution
treated and quenched.
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Figure 3 EDAX pattern of a large cuboidal niobium carbonitride.



niobium peak dominates over the iron intensity of the
steel matrix. The EDAX detector used was not cap-
able of detecting light elements such as nitrogen.

The TEM observations of the hot-rolled samples
allowed us to determine that after the solidification of
the billet, a significant amount of niobium remained in
solid solution or in the form of small precipitates. Also
during and after hot rolling, the niobium in the solid
solution may have precipitated in the form of small
particles. The ferrite grain in the sample of the hot-
rolled bar is rich in small niobium precipitates as is
apparent in ‘Fig. 4, where the diffraction pattern al-
lowed the small precipitates to be identified as hexa-
gonal carbonitrides of niobium where the (00 1) direc-
tionsof the precipitate is parallel to the (1 10) direction
of the ferrite.

The effect of the solution temperature on the
volume ‘fraction of the large cuboidal precipitates is
depicted in Fig. 5. The treatments at temperatures
below 1600 K do not affect significantly the precipit-
ate volume fraction. The apparent increase in the
volume fraction of the precipitates in the sample
treated at 1473 K may not be a statistical fluctuation,
because it is conceivable that the large cuboidal par-
ticles may have coarsened at the expense of the
niobium, carbon or nitrogen which remained in solid
solution after solidification. The volume fraction of

Figure 4 Bright field of fine precipitation in a ferrite grain of a hot-
rolled sample of the steel.
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Figure 5 Volume fraction occupied by the precipitates as a function
of the treatment temperature.

the precipitates was clearly reduced in the samples
annealed at temperatures 1623, 1673 and 1723 K. This
latter result is consistent with reports of other workers
where the dissolution temperature for large niobium
particles has been established at 1605 K [1].

Fig. 6 contains the cumulative particle size distribu-
tions of the samples treated at 1473 and 1573 K,
respectively. Each distribution should be compared
with the reference heat treatment at 1373 K. As men-
tioned before, from a comparison of the cumulative
distributions in each case it is possible to assess some
features of the kinetics of growth and dissolution of
the precipitates [15]. In Fig. 6 it is apparent that the
population of particles of sizes smaller than 1.1 um
decreases during treatment at 1473 K, while the con-
trary occurs for the population of larger particles. The
calculation of the rate of growth or dissolution of the
particles as a function of the size is depicted in Fig. 7.
Naturally the growth rate at 1 pm is nil, negative for
the smaller particles and positive for the larger. Fig. 7
also shows the curve for growth and dissolution of the
particles in the sample treated at 1573 K. Here the
critical size for zero growth is larger, 1.3 um, and the
rates of dissolution and of growth are larger in magni-
tude. The reported stability of the large particles in
similar steels treated at temperatures below 1600 K
[1, 11-14] is rather a manifestation of a competitive
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Figure 6 Cumulative particle size distributions of the samples trea-
ted at 1473 and 1573 K compared with the reference sample treated
at 1373 K. The population of particles smaller than 1 pm is reduced
while the number of larger particles is increased. The treatment at
1573 K reduces considerably the population of the particles smaller
than 1.3 pm, while the population of larger particles is slightly
increased.
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Figure 7 Coarsening and dissolution rates of the large cuboidal
niobium carbonitrides in the samples treated at 1473 and 1573 K.
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Figure 8 Comparison of the cumulative distributions of the samples
treated at 1623, 1673 and 1723 K with that of the reference treated
at 1373 K. In this case the populations of particles of all sizes are
reduced.
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Figure 9 Negative growth rates of the large niobium carbonitrides
in the samples treated at 1623, 1673 and 1723 K.

process where the larger particles actually grow at the
expense of the smaller.

Fig. 8 shows the cumulative distributions of particle
sizes of the samples treated at 1623, 1673 and 1723 K
which are also compared to the distribution of the
reference sample treated only at 1373 K. The samples
treated at these higher temperatures do not exhibit
any particle coarsening, because none of the distribu-
tions intersect that taken as reference. The particles of
all sizes have been dissolved to some degree. The rate
of dissolution of the particles as a function of size was
calculated from the distribution obtained at each tem-
perature, compared to that of the reference treatment.
The results are plotted in Fig. 9. All the growth rates
are negative. The rate of dissolution is larger for the
smaller particles or at higher treatment temperatures.
Our investigation allowed us to confirm that it is only
at temperatures around 1623 K or above where the
dissolution of the large cuboidal carbonitrides is gen-
eralized for all particle sizes.

4. Conclusions
The high nitrogen content of the microalloyed steel
studied here developed a microstructure rich in large
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cuboidal carbonitrides. The solution treatment caused
significant changes in the size distribution of the
cuboidal carbonitrides considered. When treating at
temperatures below 1623 K, the population of the
smaller carbonitrides was clearly reduced, while the
larger coarsened at the expense of the smaliler or of
material remaining in solid solution. The growth rate
of the larger particles and the dissolution rate of the
smaller were calculated as well as the approximated
critical size for zero growth. The treatment at temper-
atures of 1623 K and above, caused the dissolution of
precipitates of all sizes and progressively higher nega-
tive growth rates were calculated.

Acknowledgements

This work was supported by SICARTSA and the
Universidad Nacional Autonoma de México. We ac-
knowledge the help of Alfredo Sanchez Ariza in
photography and the technical assistance of Anselmo
Gonzalez. We also thank Dr Fausto Estévez and Ing.
Gabriel Magalién at SICARTSA for invaluable help.

References

1. C. M. SELLARS, in “HSLA Steels Metallurgy and Appli-
cations”, edited by J. M. Gray (ASM International, Metals
Park, OH, 1986) p. 73.

2. M.COHEN and S. A. HANSEN, ibid., p. 61.

3. B. CAMPILLO, J. L. ALBARRAN, D. LOPEZ, F.
ESTEVEZ and L. MARTINEZ, Scripta Metall. 23 (1989)
1363.

4. J. L. ALBARRAN, B. CAMPILLO, F. ESTEVEZ and L.
MARTINEZ, ibid. 23 (1989) 1143.

5. P.E.REPAS, in “Microalloyed HSLA Steels, Proceedings of
Microalloying 88” (ASM International, Metals Park, OH,
1988) p. 3.

6. J.R. MICHAEL, J. G. SPEER and S. S. HANSEN, Metall.
Trans. 18A (1987) 481.

7. J.G.SPEER,J.R. MICHAEL and S.S. HANSEN, ibid. 18A
(1987) 211.

8. M. J. CROOKS, A. J. GARRAT, J. B. VANDER and
W.S. OWEN, ibid. 12A (1981) 1999.

9. I.STRIDand K. EASTERLING, Acta Metall 33 (1985) 2057.
10. M, F. ASHBY and K. EASTERLING, ibid. 30 (1982) 1969.
11. H.R.LIN and A. A, HENDRICKSON, Metall. Trans. 19A

(1988) 1471.

12. A. LeBON, J. ROFES-VERNIS and C. ROSSARD, Metal
Sci. 9 (1975) 30.

13. J. G. SPEER and S. S. HANSEN, Metall. Trans. 20A (1989)
25.

14, K. HULKA and F. HEISTERKAMP, Steel India 4 (1985) 1.

15. J. H. SCHNEIBEL and L. MARTINEZ, Philos. Mag. 54
(1986) 489.

16 N. E. NEEDHAM and T. GLADMAN, Metal Sci. February
(1980) 64.

17. R. T. DeHOFF, in “Quantitative Metallography”, edited by
R. T. DeHOFF and T. N. RHINES (McGraw-Hill, New
York, 1968) p. 128.

18. L.MARTINEZand L. F. MAGANA, Rev. Mex. Fis 33 (1987)
3s.

Received 7 January
and accepted 13 May 1991



