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Phase separation from D03 to (B2+ DO03) in an Fe-24.6 at.% Al-7.5 at.% Ti alloy

K.M. Chang, C.S. Wang, C.W. Su, C.G. Chao and T.F. Liu"
Department of Materials Science and Engineering, National Chiao Tung University,
(NSC97-2221-E-009-027- MY3)

Abstract

As-quenched microstructure of the Fe-24.6 at.% Al-7.5 at.% Ti alloy was a mixture of (A2+D05)
phases. When the alloy was aged at 900°C, the DO0; domains grew considerably and phase
separation from well-grown D05 to (B2+D0s") occurred initially at a/2<100> anti-phase boundaries
(APBs), where D05’ is also a DOs-type phase. With continued aging at 900°C, the phase separation
would proceed toward the whole well-grown D03 domains. This microstructural revolution has not

been reported in the Fe-Al-Ti alloy systems before.
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Introduction

In previous studies [1-11], it is seen that the Ti
addition in the Fe-Al binary alloys would (1)
strongly increase the D0;—B2 and B2—A2
transition temperatures [1-10], (2) significantly
expand the (A2+DO0;) phase field [5-7], and (3)
cause the D03 APBs to exhibit a tendency toward
anisotropy [6]. In addition, a (B2+D03) two-phase
field was reported to be existent at temperatures
ranging from 800 to 1000°C in the Fe-Al-Ti ternary
alloys [7-11]. It is noted that the (B2+D0;)
two-phase field has not been found by previous
workers in the Fe-Al binary alloys before [12-13].
However, the existence of the (B2+ DO03) two-phase
field in the Fe-Al-Ti ternary alloys was determined
principally by wusing X-ray diffraction and
electron-probe microanalysis [7-11]. Recently, we
have performed transmission electron microscopy
(TEM) investigations on the phase transformations
of an Fe-23 at.% Al-8.5 at.% Ti alloy aged at 900°C
[14]. Consequently, it was found that when the alloy
was aged at 900°C for longer times, the DO0s;
domains grew considerably and an A2—(A2+D0;)
—(B2+D03) transition occurred at a/2<100>APBs.
This feature has never been reported by other
workers in the Fe-Al-Ti alloy systems before.
Extending the previous work, the purpose of this
study is an attempt to examine the microstructural
developments of the Fe-24.6at.% Al-7.5at.% Ti alloy
aged at 900°C.

Experimental Procedure

The Fe-24.6 at.% Al-7.5 at.% Ti alloy was
prepared in a vacuum induction furnace by using
Fe(99.9%), Al(99.9%) and Ti(99.9%). After being
homogenized at 1250°C for 48 h, the ingot was
sectioned into 2-mm-thick slices. These slices were
subsequently solution heat-treated at 1100°C for 1 h
and then quenched into room-temperature water
rapidly. The aging processes were performed at 900
‘C for various times in a vacuum heat-treated
furnace and then quenched rapidly. TEM specimens
were prepared by means of double-jet
electropolisher with an electrolyte of 67% methanol
and 33% nitric acid. Electron microscopy was
performed on a JEOL JEM-2000FX scanning
transmission electron microscope (STEM) operating
at 200kV. This microscope was equipped with a
Link ISIS 300 energy-dispersive X-ray spectrometer
(EDS) for chemical analysis. Quantitative analyses
of elemental concentrations for Fe, Al and Ti were
made with the aid of a Cliff-Lorimer ratio thin
section method.

Results and Discussion

Figure la is a selected-area diffraction pattern of
the as-quenched alloy, exhibiting the superlattice
reflection spots of the ordered DOs; phase [14-16].
Figures 1b and c are (200) DO; (or, equivalently,
(100) B2) and (111) DO; dark-field (DF) electron
micrographs of the as-quenched alloy, showing the
presence of the small B2 domains with a/4<111>



APBs and fine D03 domains with a/2<100> APBs,
respectively [12,13]. In Figures 1b and c, it is seen
that the sizes of both B2 and D0s; domains are very
small, indicating that these domains were formed by
ordering transition during quenching [12,13]. In
Figure 1b, it is also seen that a high density of
disordered A2 phase (dark contrast) could be
observed within the B2 domains. It is therefore
concluded that the as-quenched microstructure of the
alloy was a mixture of (A2+ DO0s) phases. This is
similar to that observed by the present workers in the
Fe-23at.% AIl-8.5 at.% Ti alloy quenched from 1100
C [14].
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Fig. 1. Electron micrographs of the as-quenched alloy: (a) a
selected-area diffraction pattern. The foil normal is
[011]. (hkl =D0; phase); (b) and (c) (200) and (111)
DO; DF, respectively.

Figure 2a shows a (111) DO; DF electron
micrograph of the alloy aged at 900°C for 6 h,
indicating that the D03 domains grew significantly.
Figure 2b, a (200) DO; DF electron micrograph of
the same area as Figure 2a, reveals that the a/2<100>
APBs were coated with the disordered A2 phase;
otherwise there would be no contrast from these
boundaries using a (200) reflection [12,13]. With
continued aging at 900°C, the disordered A2 phase
disappeared and a phase separation started to occur
basically at a/2<100> APBs of the D0O; domains. A
typical example is shown in Figure 3. Figure 3a is a
(111) D03 DF electron micrograph of the alloy aged
at 900°C for 12 h, revealing that the a/2<100> APBs
broadened and  well-grown D03 domains
decomposed into fine DO; domains (designated as
DO0;" phase to be distinguished from the original D0;

phase) separated by dark layers. Shown in Figure 3b
is a (200) DOs; DF electron micrograph taken from
the same area as Figure 3a, clearly indicating that
the whole region is bright in contrast. This indicates
that the broadened dark lines on a/2<100> APBs and
the dark layers around the periphery of the DO;"
domains should be of the B2 phase, since the (111)
reflection spot comes from the DO0; phase only;
while the (200) reflection spot can come from both
the DO; and B2 phases [6,7]. It is apparent that the
B2 phase and the phase separation from DO0; to (B2+
D03*) started to occur initially at a/2<100> APBs.
TEM examinations revealed that with increasing
aging time at 900°C, the phase separation from DO0;
to (B2+ DO0;’) would proceed toward the inside of
the whole well-grown DO0; domains. A typical
example is illustrated in Figure 4a. It is thus
anticipated that the microstructure of the alloy in the
equilibrium stage at 900°C should be a mixture of
(B2+ D03*) phases, as indicated in Figure 4b.
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Fig. 2. Electron micrographs of the alloy aged at 900°C for 6 h.
(a) and (b) (111) and (200) DO; DF, respectively.
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Fig. 3. Electron micrographs of the alloy aged at 900°C for 12
h. (a) and (b) (111) and (200) DO0; DF, respectively.

Fig. 4. (111) DO; DF electron micrographs of the alloy aged at
900°C for (a) 24 h, and (b) 36 h.



Based on the above observations, two important
experimental results are discussed below. (I) When
the present alloy was aged at 900°C for longer times,
the B2 phase and phase separation from well-grown
DO0; to (B2+ D03*) occurred at a/2<100> APBs. This
finding is different from that observed by the present
workers in the Fe-23at.%Al-8.5at.%Ti alloy [14], in
which we have demonstrated that when the
Fe-23at.%Al-8.5at.% Ti alloy was aged at 900°C, the
mixture of the (B2+ DO0s;) phases occurred at
a/2<100> APBs and no evidence of the phase
separation could be observed. In order to clarify the
apparent difference, an STEM-EDS study was
undertaken. The EDS analyses were taken from in
the middle of the D03 domains, B2 phase and D03*
domains marked as “D”,“B” and “D "~ in Figures 2
through 4, respectively. The average concentrations
of the alloying elements obtained by analyzing at
least ten different EDS spectra of each phase are
listed in Table 1. For comparison, the chemical
composition of the as-quenched alloy is also listed
in Table 1. It is noted here that since the size of the
B2 phase (about 70 nm) examined is slightly larger
than that of the electron beam spot (40nm) produced
on the JEOL JEM-2000FX STEM, some errors in
the exact percentage of elemental concentrations in
the B2 phase are inevitable. However, it is seen in
Table 1 that the Ti concentration in the B2 phase is
much less than that in the DO0s; domains. Therefore,
these analyses are still enough to permit an inference
that the B2 phase is lacked in Ti. On the basis of the
above analyses, it is found that the Ti concentration
in the D03 phase was distinctly higher than that in
the DO; domains. In the previous studies, it is
well-known that the DO; phase could be found to
exist in the Fe-Al binary alloys only at temperatures
below 550°C [12,13], and the Ti addition in the
Fe-Al binary alloys could pronouncedly expand the
DO0; phase field [6-11]. Obviously, the Ti
concentration would be the predominant factor for
the stabilization of the D03 phase at high temperature.
In our previous study of the Fe-23at.%Al-8.5at.%Ti
alloy aged at 900°C for longer times [14], it was
found that the Ti concentration in the well-grown
DO0; domains was up to about 11.1at.%, and no
evidence of the phase separation could be detected.
In the present alloy, however, the Ti concentration
was found to be only about 8.2 at.%, which is
noticeably lower than that detected in the previous
alloy. Therefore, it is plausible to suggest that the

insufficient concentration of Ti would cause the
well-grown DO0; domains to become unstable.
Consequently, the well-grown D03 domains would
separate to the mixture of the Ti-riched D0;" and
Ti-lacked B2 phase, as observed in Figures 3 and 4.
(IT)Compared to our previous study [14], it is clearly
seen that the a/2<100> APBs of the well-grown D03
domains in the previous alloy exhibited more
pronounced anisotropy that those observed in the
present alloy. The reason is probably that the
well-grown D03 domains in the previous alloy had
significantly higher Ti concentration.

Tablel. Chemical compositions of the phases revealed by EDS.

Heat Treatment Phase Chemical composition (at. %)

Fe Al Ti
as-quenched  A2+D0s 67.9 24.6 7.5
900°C,6h DO0; 65.7 26.1 8.2
900°C,12h  DOs 66.4 25.6 8.0
DO, 65.7 252 9.1

B2 69.4 24.1 6.5

900°C, 241 DO 66.6 25.5 7.9
DO, 65.2 25.8 9.0

B2* 69.4 24.3 6.3

o DO, 65.2 25.7 9.1
900C, 36h B2 69.5 24.2 6.3

Finally, it is worthwhile to point out that,
compared with the previously established isothermal
sections of the Fe-Al-Ti ternary alloys at 900°C
[9-11], the chemical compositions of both the
previous Fe-23at.%Al-8.5at.%Ti alloy and the
present Fe-24.6at.%Al-7.5at.%Ti alloy are just
located in the (B2+D0s3) region. TEM examinations
revealed that at 900°C, the stable microstructure of
both alloys was indeed the mixture of (B2+DO0s)
phases, which is in agreement with that reported by
the previous workers[9-11]. However, the
microstructural revolutions for the formation of the
(B2+D0s) phases between the two alloys are quite
different.
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