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Orientation relationship between C14 precipitate and (A2 + D03)
matrix in an Fe–20at.%Al–8at.%Ti alloy
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When the Fe–20at.%Al–8at.%Ti alloy was aged at 1000 �C for 1 h and then quenched, the microstructure of the alloy was a
mixture of (A2 + D03 + C14) phases. By means of transmission electron microscopy and diffraction techniques, the orientation
relationship between the C14 precipitate and (A2 + D03) matrix was determined to be: ð0001ÞC14kð�1�12Þm, ð�1 100ÞC14kð�110Þm,
ð11�20ÞC14kð111Þm. This orientation relationship has not been reported in Fe–Al–Ti alloy systems before.
� 2007 Published by Elsevier Ltd. on behalf of Acta Materialia Inc.
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The microstructures of the Fe–Al–Ti alloys have
been studied by other workers [1–7]. In their studies, it
is seen that only four phase fields, namely A2 (disor-
dered body-centered cubic), A2 + D03, D03 and B2,
could be found in the Fe–(18–25)at.%Al–Ti alloys with
Ti 5 5 at.% [1,2]. However, when the Ti content was in-
creased to P7 at.%, C14 precipitates could be seen to
form within the A2, A2 + D03, D03 or B2 matrix in
the aged Fe–Al–Ti alloys [2–7]. The C14 precipitate
has a hexagonal structure, with lattice parameters
a = 0.5038 nm and c = 0.8193 nm [7]. Although the
C14 precipitate was extensively reported to be detected
in the aged Fe–Al–Ti alloys, little information concern-
ing the orientation relationship between the C14 precip-
itate and matrix has been provided. Therefore, the
purpose of the present study is to attempt to determine
the orientation relationship between the C14 precipitate
and (A2 + D03) matrix in the Fe–20at.%Al–8at.%Ti
alloy.

The Fe–20at.%Al–8at.%Ti alloy was prepared in a
vacuum induction furnace using 99.5% Fe, 99.9% Al
and 99.7% Ti. The melt was chill cast into a
30 · 50 · 200 mm3 copper mold. After being homoge-
nized at 1250 �C for 48 h, the ingot was sectioned into
2-mm-thick slices. These slices were subsequently solu-
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tion heat-treated at 1250 �C for 2 h and then quenched
rapidly in room-temperature water. The aging process
was performed at 1000 �C for 1 h in a vacuum heat-trea-
ted furnace followed by further rapid quenched. Trans-
mission electron microscopy specimens were prepared
by means of a double-jet electropolisher with an electro-
lyte comprising 67% methanol and 33% nitric acid. The
polishing temperature was kept in the range �30 to
�20 �C, and the current density was kept in the range
4.0 · 104–6.0 · 104 A m�2. Electron microscopy was
performed on a JEOL JEM-2000FX scanning transmis-
sion electron microscope operating at 200 kV.

When the as-quenched alloy was aged at 1000 �C for
1 h and then quenched, rod-like precipitates were found
to appear within the matrix. A typical example is shown
in Figure 1a. Figure 1b is a selected-area diffraction
pattern (SADP) taken from the matrix, exhibiting the
superlattice reflection spots of the ordered D03 phase
[8]. Figure 1c is a ð1�11Þ D03 dark-field (DF) electron
micrograph of the same area as Figure 1a, revealing
the presence of extremely fine D03 domains. Figure 1d,
a (002) DF electron micrograph, shows the presence of
small B2 domains and a high density of disordered A2
phase (dark contrast) within the B2 domains. Since the
sizes of both D03 and B2 domains are very small, it is
deduced that the (A2 + D03) phases were formed by an
A2! B2! (A2 + D03) ordering transition during
quenching [9–12]. This result is similar to that observed
by Mediratta et al. in the Fe–20at.%Al–5at.%Ti alloy
of Acta Materialia Inc.
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Figure 1. Electron micrographs of the alloy aged at 1000 �C for 1 h: (a)
BF, (b) an SADP. The foil normal is [110]. hkl = A2 phase; hkl = D03

phase. (c) and (d) ð1�11Þ and (002) D03 DF, respectively. (e–g) Three
SADPs taken from the precipitate marked as ‘‘C’’ in (a). The zone axes
of the C14 precipitate are (e) [0001], (f) ½11�20� and (g) ½11�2�3�,
respectively.
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quenched from 1100 �C [1]. In Figure 1b, it is seen that
the orientation relationship between the A2 phase and
the ordered D03 phase was ð002ÞA2kð002ÞD03

and
½110�A2k½110�D03

. Figures 1e–g show three different
SADPs taken from the rod-like precipitate marked as
‘‘C’’ in Figure 1a. According to the camera length and
the measurement of the d-spacings as well as angles
among the reciprocal lattice vectors of the diffraction
spots, the crystal structure of the precipitate was deter-
mined to be hexagonal with lattice parameters
a = 0.505 nm and c = 0.801 nm, which corresponds to
that of the C14 phase [7]. The zone axes of the precipitate
in Figure 1e–g are [00 01], ½11�20� and ½11�2�3�, respec-
tively. Based on the above examinations, it is concluded
that the microstructure of the alloy aged at 1000 �C
for 1 h and then quenched was a mixture of (A2 +
D03 + C14) phases.

In order to determine the orientation relationship be-
tween the C14 precipitate and the (A2 + D03) matrix, six
different SADPs were taken from an area including the
precipitate marked as ‘‘C’’ in Figure 1a and its
surrounding (A2 + D03) matrix. The results are shown
in Figures 2a–f. The zone axes of the C14 precipitate
and (A2+D03) matrix in Figures 2a–f are ½11�20�C14,

[111]m; ½22�4�3�C14, [110]m; ½11�2�3�C14, ½�2�21�m; ½11�2�6�C14,

½�1�11�m; [0001]C14, ½�1�12�m; and ½13�5�8�6�C14, [100]m, respec-

tively. It is obvious in Figures 2a and e that the (0001)
and ð11�20Þ reflection spots of the C14 precipitate are
parallel to the ð�1�12Þ and (111) reflection spots of the
matrix, respectively. By means of this information, a ste-
reographic plot of poles (superimposing the (0001) pro-
jection of the C14 precipitate and the ð�1�12Þ projection of
the matrix) was constructed, as shown in Figure 3,
where the ð11�20Þ pole of the C14 precipitate was made
to match with the (111) pole of the matrix. In this
stereographic plot, the interplanar angles between the
chosen reciprocal reflections of the C14 precipitate were
obtained by calculation using the following equation
[13]:
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It is clear in Figure 3 that the ð�1100Þ, ð11�24Þ,
ð11�21Þ poles of the C14 precipitate would coincide with
the ð�110Þ, (001), (112) poles of the matrix. These
results are quite consistent with the observations of
SADPs in Figure 2. On the basis of the preceding anal-
yses, the orientation relationship between the C14 pre-
cipitate and (A2 + D03) matrix can be best stated as
follows:

ð0001ÞC14kð�1�12Þm; ð�1100ÞC14kð�110Þm; ð11�20ÞC14kð111Þm

Finally, it is worthwhile mentioning that the C14
precipitate was also observed by many workers in
Fe–Al–Nb, Fe–Al–Zr and Fe–Al–Ta alloys [5,14–16].
However, we are aware of only one article in which
the orientation relationship between the C14 precipi-
tate and the matrix was predicted. In 2005, Morris
et al. reported that when the Fe–25Al–2Nb alloy
was aged at 800 or 900 �C, C14 precipitates were
formed within the D03 matrix; the orientation relation-
ship between the C14 precipitate and D03 matrix
was f�1010gC14kf�101gm, h1�210iC14 � h01 0im and
h00 01iC14 � h101im [14]. Interestingly, it is noted here
that the previous result of f�1 010gC14k f�1 01gm is in-
deed in agreement with that observed in Figure 2a of
the present work. However, in the previous study
[14], it was reported that the only exact relationship
was ½�1010�C14k½�101�m, all other relationships being
approximate, with a difference of a few degrees (3–
5�). Therefore, it is not clear whether the present orien-
tation relationship is the same as that reported by
Morris et al. for the Fe–25Al–2Nb alloy.

In summary, when the alloy was aged at 1000 �C for
1 h and then quenched, the microstructure of the alloy
was a mixture of (A2 + D03 + C14) phases. The orienta-
tion relationship between the C14 precipitate and
(A2 + D03) matrix can be best stated as follows:

ð0001ÞC14kð�1�12Þm; ð�1100ÞC14kð�110Þm; ð11�20ÞC14kð111Þm



Figure 2. Six SADPs taken from an area including the precipitate marked as ‘‘C’’ in Figure 1a and its surrounding matrix. The zone axes of the
(A2 + D03) matrix are (a) [111], (b) [110], (c) ½�2�21�, (d) ½�1�11�, (e) ½�1�12� and (f) [100], respectively. hkil = C14 precipitate; hkl = D03 phase.

Figure 3. The superimposed C14/D03 stereogram describing the orien-
tation relationship between the C14 precipitate and (A2 + D03) matrix.
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