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Abstract: Texture development and recrystallization behavior of Ti-IF steel during Batch Annealing (BA) were
investigated with X-ray diffraction and EBSP in lab, and the results were compared with research work on continu-
ous annealing (CA) with rapid heating rate. The basic tendencies are similar that early nucleation takes place in
<111>//ND fibers, <110>//RD fibers are consumed at the end of recrystallization, and <111>//ND texture dominates
over annealing texture. However, the detailed texture transformation during batch annealing is different and some-
what more complicated than that in rapid-heating process. Moreover, misorentation plays an important role in
texture transformation of BA. In addition, the results of EBSP are consistent with that of ODF well.
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rpvalue determined mainly by the textures of sheets
steels is an important index to evaluate deep drawabil-
ity of sheets, and strong {111} texture and weak
{001} texture result in high r, value [1]. Interstitial
Free (IF) steels are distinguished from other steels
with respect to the absence of carbon and nitrogen
atom in a- iron matrix, and it is the main factor
contributing to its very narrow and intense {111}
recrystallization texture and its high rm value.

With the development of texture analysis tech-
niques such as X-ray diffraction and EBSP, many
researchers [2,4,7,9]1 have investigated the physical
mechanisms of development of strong {111} recrystal-
lization texture in IF steels. Nevertheless, most of the
work deals with normmal recrystallization process and/
or continuous annealing, and there is relatively less
research on the texture evolution of IF steels during
batch annealing process. The present paper is to investi-
gate texture development in Ti-IF steel during batch
annealing process, and find its own characteristics.

1 Experimental

The experimental material is a typical cold rolled
Ti-IF steel obtained in industrial production, and its
chemical composition (mass fraction in %) is: C,
0.003 5; N, 0.002 8; S, 0.004 1; Ti, 0.076; Mn, 0.17;
P, 0.01 and Nb, < 0.01. Steelmaking was done at a
steelmaking work of Baotou Iron & Steel Corporation.

The material was melted in a 300 t BOF with further
treatment in an RH degasser and cast on continuous
casters. Hot rolling was done on a continuous wide
strip mill, and cold rolling was carried out on a
5-stand mill with a cold reduction rate of 77%.

BA simulation was carried out in lab. For recrystal-
lization behavior research of BA process, the samples
were heated to various temperatures in a gas-protect-
ing furnace at a rate of 50°C /h (typical to pure H, BA
production) with different soaking time if necessary,
and then quenched in water. In addition, the set high-
est temperature used here was 710TC that is a typical
control temperature of batch annealing process. The
number of quenched samples and the corresponding
annealing conditions are listed in table 1.

The development of recrystallization was investi-
gated mainly by Vickers hardness measurement and

Table 1 Batch annealing conditions of quenched samples

No. Annealing condition || No.
8 quenched at 710C
9 quenched at 710C+ 10 min

Annealing condition

1 as cold-rolled

2 quenched at 600C
3 quenched at 620C [l 10 quenched at 710C+ 20 min
4 quenched at 640C || 11 quenched at 710C+ 40 min
5 quenched at 660C || 12 quenched at 710C+1h

6 quenched at 680C || 13 quenched at 710C+2h

7 quenched at 700C | 14 quenched at 710C+4h
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SEM. The overall texture was measured by X-ray
diffraction on Rigaku 2038, and the orientation distri-
bution function (ODF) computed from the three incom-
plete pole figures {110}, {200},and {112}. The EBSP
technique was also used to measure the orientation of
grains in typical fields for some samples. In the most
case, EBSP was performed at equal interval within a
fixed observation field, but the orientation of individ-
ual grains also measured if necessary.

2 Results and discussion

2.1 ODF analysis of texture development

Figure 1 shows the Vickers hardness evolution of
the quenched samples above. From the figure, the start
of recrystallization can be determined by a sharp drop
in hardness. Meanwhile, the hardness decreased obvi-
ously before recrystallization owing to the long
history of recovery. In this way, itis said recrystalliza-
tion begin at the temperature between 640 and 660C
after heating at 50°C /h. and the samples before temper-
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ature reaches 660°C in this experiment are in recovery.
The primary recrystallization is completed at 680T,
and then recrystallized grains continue to grow.

Figure 2 shows the development of «-fiber and y
-fiber texture in some of the quenched samples.
Figure 3 shows the evolution of volume fraction of
texture in BA process. The main texture components
in cold-rolled sample are {112} <110>, {111} <110>
and {001} <001>, all of which are typical cold rolled
texture of IF steels. Although the volume fraction of
main texture components changes little in recovery,
the intensity of some texture components such as
{113} <110>, {114} <110> increases, which accounts
for the orientation of deformed grains is changeable
during recovery. When annealing temperature reaches
660C , about 70% of deformed grains have recrystal-
lized, but overall a- and vy -fiber textures only have a
little change. Moreover, the primary recrystallization
ends at 680C . {113} <110> texture decreases sharply
while {111} <143> reaches its peak, but a strong
{001} <110> texture sull exists. From the results of
ODF at ¢=45° section shown in figure 4, the strongest
texture components do not lie on <111>/ND axis.
With further progress of annealing, {001} — {113}
<110> components continue to decrease and {111}
<110> component increases dramatically. After the
temperature reaches 710C , the overall texture does
not change much with the soaking time.

2.2 Microtexture analysis

From the hardness curve and ODF analysis results,
it was found samples No. 4, 5, 6 were critical to the
recrystallization texture research of BA, so these three
samples were selected for further investigation by
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Figure 2 Development of overall textures in batch annealing of Ti-IF steel
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Figure 3 Evolution of volume fraction of different texture
components in BA process
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Figure 4 ¢ = 45° ODF sections of sample No.5 quenched at
680

means ol EBSP. The SEM micro-
graphs of samples No.4, 5, 6 are
shown in figure §, it is shown
sample No. 4 is fully recovered,
No. § partially recrystallized and
No. 6 fully recrystallized.

For cach sample, EBSP was
used to measure the grain onienta-

Figure 5 SEM micrograph of samples No.4,5 and 6 tion and misorientation in local
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Figure 6 Misorientation distribution samples

fields at equal intervals. As for
sample No. 5, EBSP was also performed only for the
recrystallized grains. From figure 6, it is found the
percentiles of small angle misorientation (<15°) in
samples No.4, 5, 6 are 55.3%,45.6% and 34.1% respec
tively, which means the percentile decreases not only
in recovery but also in pnmary recrystallization. In
recovery, subgrain coalescence is main cause for the
ratio reduction of small angle misorientation. Mean-
while, subgrain coalescence and consumption of
deformed grains during primary recrystallizauon
co-contribute to this tendency.

Figure 7(a~c) shows the inverse pole figures of
normal plane of samples No. 4, 5, 6 respectively, and
figure 7(d) shows the inverse pole figure of the recrys-
tallized grains in No. 5. Although sample No.5 is 70%
recrystallized, its overall (exture characlenstics are
similar to that of as cold rolled sample No.4, and both
of No.4 and 5 are quite different from that of No. 6.
This result is basically consistent with the results of
ODF analysis as shown in figures 2 and 3. On the
other hand, the textre of recrystallized grains in
sample No. 5 is dilferent from its overall texture, but
similar to the texture of No.6.
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Figure 7 Inverse pole figures of normal plane of (a) No.4, (b) No.5, (c) No.6 and (d) recrystallized grains in No.5

In sample No. 4, {111} deformed fibers contain
many subgrains less than 2um with large angle mison-
entation so that the EBSP pattern jumped in measur-
ing process, while {001} fibers are very smooth and
mostly misorientation in this fibers are less than 5°.
Because the movement of large angle grain boundary
is the main means of nucleation in IF steels, nucle-
ation will firstly and mainly take place in {111}
oriented deformed fibers. Nevertheless, nucleation
could happen in heavily deformed metals by means of
subgrain coalescence, so it is still possible that in a
few cases nucleation takes place in other deformed
fibers. In sample No. 5, most of the remaining deform-
ed grains or subgrains are <110>/RD espe-cially
{001} <110> oriented, which consists with the idea
that o fiber are consumed in the end. In addition,
there are a few {001} recrystallized grains in No. 5,

which mainly lie around {001} <110> deformed fiber,
it can be inferred those {001} recrystallized grains are
formed by amalgamation of {001} deformed
subgrains with small angle misorientation. This
phenomenon supports the existence of nucleation by
subgrain coalescence in IF steels. Furthermore, the
recrystallized {001} grains are generally smaller than
other grains in No. 6, and the size of {111} grains is
relatively larger than that of other grains. According
to the simple model about grain growth [11], the
{001} grains will continue to be consumed and the
intensity of {111} grain will increase with the anneal-
ing process.

3 Conclusions

(1) Batch annealing process can be categorized as
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recovery, primary recrystallization, and grain growth.
Compared with texture development in continuous
annealing process, some y fiber texture components
change obviously in recovery while they hardly
change in this stage during CA and the evolution of y
fiber texture is more complex in primary recrystalliza-
tion. After primary recrystallization, y fiber texture
continues to change with the progress of batch anneal-
ing.

(2) The deformed fibers in IF steel contain many
subgrains that are less than 2 pm, and there always
exists misorientation between subgrains. Large angle
misorientations are much more in y fibers than in
other fibers, which makes nucleation easily take place
in y fibers and rarely in fibers with other orientations.
Because of subgrain coalescence and grain consump-
tion, the ratio of small angle misorientation decreases
with the annealing process carried on.

(3) As for texture transformation during batch
annealing, the orientation of new-formed nuclei inher-
its from their deformed matrix. In addition, y fibers
are preferably consumed first, and y fibers especially
{001} <110> are consumed in the end. Also, the results
of EBSP consist with ODF analysis well.
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Effects of Suspension Casting on Solidification Process of GCrl5 Steel Ingot

Yan Yu, Qijie Zhai, Changhu Xing, Jinbao Chen, Hangi Hu
Foundry Institution, University of Science and Technology Beijing, Beijing 100083, China

Abstract: The mechanism of inoculation in the case of suspension casting process has been studied through solidi-
fication kinetics. The effect of suspension casting process on temperature field, solidification rate, temperature gap of
crystallization, effective distribution coefficient of solute and nucleation frequency during solidification process in
steel ingot were discussed on the base of experiments. It has been found that the suspension casting process can
increase both cooling rate and solidification rate of steel ingot, improve the temperature field and solute distribu-
tion, narrow the temperature gap of crystallication, and increase the nucleation frequency. Thus, the solidification
time can be shorten, the solute can be well distributied, the shrinkage porosity can be reduced and the grain of crys.
tallization can be fined.
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