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Abstract: The effects of Fe content on the microstructure, phase constituents and microhardness of the as-cast, 800 °C-
or 1000 °C-annealed Al,CryFeNis;_, (x=13—66) alloys were investigated. Not all these alloys are composed of the
single FCC phase. The BCC and B2 phases are found. It is confirmed that the BCC phase in the Al;Cr,oFeqsNi; alloy is
transformed from the FCC phase at about 900 °C during cooling. While in the 800 °C-annealed Al;CryoFegNi;; alloy,
the FCC phase is stable and the hardness decreases. After annealing at 1000 °C, for the precipitation of the B2 particles,
the Al content in the FCC phase decreases, which results in decreasing of the alloy hardness. Moreover, after annealing
at 800 °C, a small amount of Al-rich B2 particles precipitate at the phase boundary and some nanocrystal BCC phase
precipitates in the FCC matrix, which increases the hardness of the Al;CryFe,Nis;-, (x=41—49) alloys. These results will

help to the composition design and processing design of the Al-Cr—Fe—Ni based high-entropy alloys.
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1 Introduction

High-entropy alloys (HEAs) are presently of
great research interest in materials science and
engineering. According to the initial definition,
HEAs are super solid solution alloys with more
principal elements than conventional alloys [1].
Their microstructures and properties have attracted
much attention. At present, an increasing number of
works about HEAs, including novel microstructures
and excellent properties, have been reported.
Amongst them, AlCrFeNi-based HEAs have been
widely investigated, such as AlCoCrFeNi [2-6],
AlCrFeNiMo [7], AICrFeNiTi [8], AICrFeMnNi [9],
AlCoCrCuFeNi [10—14], AICrMnFeCoNi [15], and
AlICoCrFeMoNi [16—18]. The matrices of these

alloys are FCC and/or BCC phases, which vary
with the alloy composition and are significantly
affected by the atomic-size difference (AR) and
valence electron concentration (VEC) [4,19,20].
Some alloys have unexpected properties. For
example, after annealing at 800—1200 °C, the
AlICoCrFeNi, ; alloy [5] has a good tensile ductility
over 10% as well as a high tensile strength larger
than 1000 MPa. The AlCrFeNiMoy, alloy [7] has
the highest fracture strength of 3222 MPa and a
plastic strain of 0.287. Of course, the properties of
the alloys can also be modified by adjusting their
composition, cooling rate and thermal-mechanical
processing. CHEN et al [21] pointed out that
the excellent strain-hardening ability in the
AlpCoCrFeNi alloy was attributed to the
microband-induced plasticity during tensile loading.
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As a subsystem, many Al-Cr—Fe—Ni alloys
have been investigated. It is well known that Al is a
BCC-stabilizing element in the Al-Cr—Fe—Ni based
HEAs. Only the FCC phase exists in the
Al;CryFeyNis; alloy [22]. When Al content
reaches above 8 at.%, the ordered BCC phase (B2)
will form [22-24]. With an increase of the Al
content, the volume fraction of the B2 phase
increases; the alloy exhibits increased strength and
reduced ductility [15,23,24]. Generally, when the
Al content is above 24 at.%, the Al—Cr—Fe—Ni
alloys consist of BCC and/or B2 phases, such as
AIXCI'FCNi ()C:09_13) [25—27], Al3(,F620CI'20Ni24
[22], Al,CrFe; sNigs [28], and AlCrFe,Ni, [29]. The
Al-Cr—-Fe—Ni system is also of interest for the
existence of two types of eutectic point, namely, the
FCC+B2 eutectic in CrFeNiy,Alyg alloy [30] and
the BCC+B2 eutectic in Al,CrFeNi alloys [26,27].
Both of them show good mechanical properties.
Moreover, YAO et al [31] found that the phase
constituents varied with the Ni content in the
Alo,gchezNix alloys.

The FCC matrix alloys always have good
formability. As indicated above, the BCC or B2
phase did not exist in Al;CryFeyoNis; alloy [25], but
it was observed in the Al-Cr—Fe—Ni alloys when
the Al content is above 8 at.% [24,25,28]. That is to
say, 7 at.% Al is near the boundary of the FCC
phase region. Moreover, the phase constituents,
microstructures and mechanical properties are
greatly changed after annealing [32], and even can
be changed by the cooling rate in powder prepared
alloys [6]. However, it was found that thermo-
dynamic calculations based on the available
thermodynamic database failed to predict the stable
phase in these Al-Cr—Fe—Ni alloys. To understand
the effects of Fe and Ni contents on the phase
constituent of the Al-Cr—-Fe—Ni alloys, in the
present work, Al and Cr contents were fixed at 7
and 20 at.%, respectively. The microstructure,
phase transformation and micro-hardness of the
as-cast and long duration vacuum-annealed alloys
were studied. These results will help to design the
composition and process of the Al-Cr—Fe—Ni based
high-entropy alloys.

2 Experimental

Eight Al;CryFe,Nis;-, alloys, with the Al and
Cr content fixed at 7 at.% and 20 at.%, respectively,

were designed to study the effects of the Fe content
and annealing on the phase constituents and
microhardness of the alloys in the as-cast and
vacuum-annealed states. The raw materials of Al,
Cr, Fe and Ni blocks with a purity higher than
99.95% were used. The total mass of each alloy was
designed to be 10 g. All ingots were manufactured
by vacuum arc-melting and casting under a
Ti-gettered argon atmosphere inside a water-cooled
copper crucible. They were re-melted at least four
times to improve their chemical homogeneity. Each
alloy was divided into three parts. One part was
studied in the as-cast state and the others were
sealed in evacuated quartz tubes and then annealed
at 1000 or 800 °C for 30d, respectively. The
samples were quenched in cold water at the end of
treatment. In order to distinguish the alloys in
different states, the as-cast alloys are denoted as
“A”, and the 1000 °C and 800 °C annealed alloys
are marked as “A"’ and “A"”, respectively.

The microstructures of the samples were
examined by JSM—6510 scanning electron
microscopy (SEM) and the chemical compositions
were investigated by Oxford INCA energy
dispersive spectroscopy (EDS). The structure of the
samples was characterized by X-ray diffraction
(XRD) using a D/max 2500 PC X-ray diffracto-
meter with Cu K, radiation and a 260 step size of
0.02°. The microstructure of the selected samples
was also characterized by an FEI Talos F200X
TEM. Microhardness was measured using a HXD—
1000TMC/LC Vickers hardness tester under a load
of 2.94 N and stayed for 15 s. The average value of
five tests was taken as the hardness of the alloy.

3 Results and discussion

3.1 As-cast Al,Cr,yFe,Ni;-, alloys

The XRD patterns and back-scattered electron
(BSE) images of the as-cast Al;CryFe,Nis;_, alloys
prepared by arc-melting are shown in Fig. 1 and
Fig. 2, respectively. The chemical composition of
the alloys and the phases detected by SEM—EDS
are listed in Table 1. As can be seen in Fig. 1,
with fixed 7 at.% Al and 20 at.% Cr, the phase
constituents of the as-cast Al;CryFe,Nis;—, alloys
gradually change from FCC-type to BCC-type
phase with an increase of the Fe content.

As there is no evidence to support that the
FCC-type phase is an ordered one, it is believed
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Fig. 1 XRD patterns of as-cast Al;CryoFe,Nis-, alloys:
(a) Alloy Al (x=13); (b) Alloy A2 (x=27); (c) Alloy A3
(x=35); (d) Alloy A4 (x=41); (e) Alloy A5 (x=49);
(f) Alloy A6 (x=55); (g) Alloy A7 (x=60); (h) Alloy A8
(x=066)

that Alloys A1—AS5 are composed of a single FCC
solid solution. Different relative intensities of the
XRD characteristic peaks indicate different
orientations of the FCC phase. As can be seen from

Fig. 2(a), there are two regions of different
contrasts in Alloy Al (Al;,CryFe3Nig). According
to the EDS results in Table 1, they have similar
chemical composition and the Al content in the
darker area is slightly higher (1.7 at.%). The XRD
pattern in Fig. 1(a) proves that both regions are
composed of FCC phase. Just like the
A17CI'20F620Ni53 alloy in Ref. [22], Alloy Al
solidifies with an isomorphous reaction, and the
later solidified phase has a slightly higher Al
content and shows a net-like appearance. The
same phenomenon also exists in Alloy A2
(Al;,CryFey7Nig), as shown in Fig. 2(b), although
the alloy has a higher Fe content. When the Fe
content is up to 35—41 at.% (Alloys A3 and A4), an
uniform FCC phase is observed. This means that
the temperature region for the FCC + liquid phase
region is very narrow for these alloys and the
solidification rate after arc-melting is quick enough
to prevent the composition segregation. Therefore,
almost no composition difference is detected in any
region.

When the Fe content is increased to 55 at.%
(Alloy A6), the dark and net-like BCC phase is

(d) (¢)

Fig. 2 BSE images of as-cast Al;CryoFe,Nis;—, alloys: (a) Alloy Al (x=13); (b) Alloy A2 (x=27); (c) Alloy A3 (x=35);
(d) Alloy A4 (x=41); (e) Alloy A5 (x=49); (f) Alloy A6 (x=55); (g) Alloy A7 (x=60); (h) Alloy A8 (x=66)
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Table 1 Chemical compositions of different phases by
EDS in as-cast Al,CryFe,Ni;_, alloys
Detected

Desigr?e.d Alloy Phase composition/at.%

composmon Al Cr Fe Ni
TA20C— FCC-1 59 194 137 61.0
13Fe—60Ni FCC-2 7.6 21.0 126 588
TAF20C— FCC-1 6.0 199 278 463
27Fe—46Ni FCC-2 7.7 208 254 46.1
TAF20C- BCC 7.1 209 544 176
55Fe—18Ni FCC 6.1 202 552 185
TAF20C— FCC 54 19.6 61.0 14.0
60Fe—13Ni BCC 62 20.6 60.1 13.1
76/2:_0%; A8 BCC 70 203 654 73

obvious in FCC matrix, as shown in Fig. 2(f). A
weak BCC characteristic peak can be observed in
the XRD pattern of Alloy A6 (Fig. 1(f)). EDS
results in Table 1 show that the Al content in the
as-cast BCC phase is just 1.0 at.% higher than that
in the FCC phase. Some tiny dark spots are also
observed in Alloy A5 (Al;CryFesNiy). They are
too small to be clearly detected, but they should be
the BCC phase, as deduced from the phase
constituent in Alloy A6.

With the increase of Fe content, the major
phase in Alloy A7 (Al,CryFegNij;) turns to be
BCC, and no FCC phase is detected in Alloy A8
(Al;CryFegsNis). A small amount of tiny black B2
spots can be observed in the BSE image (Fig. 2(h)).
It should be pointed out that the BCC phase has a
similar composition to the FCC phase, and the
Fe-rich alloys always undergo the FCC to BCC
transformation during cooling. To confirm this
transformation, Alloy A8 was examined by DSC
with a heating rate of 10 °C/min. The DSC curve
shown in Fig. 3 indicates that there is a phase
transformation at around 900 °C, which is near the
allotropic transformation of Fe.

3.2 1000 °C-annealed Al;,CryFe,Nis;-, alloys
After annealing at 1000 °C for 30 d, the FCC
phase in Alloys A'l and A'2 becomes uniform,
as shown in Figs.4(a,b). In Alloys A'3—-A'S
(Figs. 4(c, e)), a small amount of black BCC-type
phase is precipitated from the FCC matrix
after annealing. A small peak at ~45° (26) can be
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Fig. 3 DSC curve of Alloy A8 (Al;CryFegsNi;) with
heating rate of 10 °C/min

observed in these alloys. This corresponds to the
BCC-type phase, as shown in the XRD pattern of
Alloy A'4 in Fig. 5. As pointed out by SUN et al [2],
the ordered B2 phase can be distinguished from the
BCC solid solution based on its XRD pattern and
chemical composition. As listed in Table 2, the
black phase has a very high Al content (>27.0 at.%)
and low Cr content (<6.4 at.%). Therefore, the
darker blocks should be the B2 phase. As for the
Alloy A'6, the net-like BCC phase in the as-cast
state turns into the Al-rich B2 phase after annealing
at 1000 °C for 30 d. Its BSE image in Fig. 4(e) is
similar to that of Alloy A'S. When the Fe content is
above 60 at.%, in Alloys A'7 and A'S, the major
phase in these alloys is the BCC phase; while no
FCC phase is detected in the quenched alloy and
some black B2 phase can be observed, as shown in
Figs. 4(f, g). The EDS results in Table 2 indicate
that the B2 phase contains 33.4 at.% Al and
42.2 at.% Ni, which is similar to that in Alloys
A'4—A'6. As seen from Fig. 4(h), the grain size of
the dot-like B2 phase decreases markedly. Similar
to as-cast alloys, the FCC to BCC transformation
should occur during cooling.

3.3 800 °C-annealed Al,Cr,¢Fe,Ni;-, alloys

After being annealed at 800 °C for 30 d, the
microstructures of the Al,CryoFeNisjz—, alloys
change obviously. Their XRD patterns and BSE
images are shown in Figs. 6 and 7, respectively.
Also, only the BCC-type and/or FCC-type phases
exist in these alloys. Compared to the 1000 °C-
annealed alloys, the precipitates are much smaller
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Fig. 4 BSE images of Al;CryFe,Nis-, alloys annealed at 1000 °C for 30 d: (a) Alloy A'l (x=13); (b) Alloy A"2 (x=27);
(c) Alloy A'3 (x=35); (d) Alloy A'4 (x=41); (e) Alloy A'5 (x=49); (f) Alloy A'6 (x=55); (g) Alloy A'7 (x=60); (h) Alloy

A'8 (x=66)
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Fig. 5 XRD patterns of Al;,CryFe,Nis;-, annealed at
1000 °C for 30 d: (a) Alloy A'4 (x=41); (b) Alloy A'6
(x=55); (c) Alloy A'7 (x=60); (d) Alloy A'8 (x=66)

and the Al content in the FCC phase becomes much
lower, as shown in Table 3.

As can be seen in Fig. 7(b), some black
precipitates can be observed in the BSE image of
Alloy A"2. These are identified as B2 phase for the
same reason as presented above. Almost no darker
precipitates can be observed in the phase boundary

Table 2 Chemical compositions of different phases in
Al;,CryFe,Nis;_, alloys annealed at 1000 °C for 30 d

C?Ig;iogslil;in Alloy Phase Detected Ccrompo;;tlon/z;:;%
TA20Cr- FCC 63 208 342 387
35Fe—38Ni B2 315 45 124 516
TAF20C FCC 6.1 195 412 332
41Fe—32Ni B2 270 64 180 486
TA20Cr- FCC 6.0 200 492 248
49Fe—24Ni B2 31.0 57 183 450
TA20Cr- FCC 6.0 206 549 185
55Fe—18Ni B2 308 6.0 202 43.0
TA20Cr- BCC 78 209 609 104
60Fe—13Ni B2 334 39 205 422
TA20C o BCC 6.5 200 66.1 7.4
66Fe—7Ni B2 354 3.1 186 429

of Alloy A"l after 800 °C annealing (Fig. 7(a)).
Compared with the as-cast alloys, the B2 phase in
the 800 °C-annealed alloys has a higher Al content,



Chang-jun WU, et al/Trans. Nonferrous Met. Soc. China 31(2021) 734-743 739

M v—FCC
+—BCC
e—B2

[ )
*
o (h) L )
® . % o
® A
(e) A AL
[©)
© / A
T - )
(@) A
30 40 50 60 70 80
20/(°)

Fig. 6 XRD patterns of Al;CryoFe,Nis;-, alloys annealed
at 800 °C for 30 d: (a) Alloy A"1 (x=13); (b) Alloy A"2
(x=27); (c) Alloy A"3 (x=35); (d) Alloy A"4 (x=41);
(e) Alloy A"S (x=49); (f) Alloy A"6 (x=55); (g) Alloy
A"7 (x=60); (h) Alloy A"8 (x=66)

as shown in Table 3. With the increase of the Fe
content, more B2 phase precipitates at the grain
boundaries of Alloys A"3—A"S. Moreover, a small
amount of BCC phase with less than 10 at.% Al and

a little brighter color is precipitated in both the FCC
matrix and at the phase boundaries. As can be seen
from the BSE images of Alloys A"4 and A"S in
Figs. 7(d, e), the volume fraction of the BCC phase
increases with the Fe content. The characteristic
BCC peaks can be observed in their respective
XRD patterns, as presented in Fig. 6.

For a fuller investigation of the precipitates in
the FCC phase after 800 °C annealing, Alloy A"S
was examined by TEM. The image and the
corresponding selected area electron diffraction
(SAED) pattern are shown in Fig. 8. It can be seen
that rod-like BCC nanocrystallites randomly
distribute in the FCC matrix. Most particles have a
width of less than 100 nm, even the alloy is
annealed at 800 °C for 30 d. As can be seen from
Fig. 7(e), the precipitates are homogeneously
distributed in the FCC matrix, which will help to
strengthen the alloys.

The grain size of the BCC and B2 phases
becomes much larger when the Fe content is above
55 at.%. The dot-like B2 phase is uniformly
distributed in these alloys. As can be seen in the

Fig. 7 BSE images of Al,CryFeNi;;_, alloys annealed at 800 °C for 30 d: (a) Alloy A"1 (x=13); (b) Alloy A"2 (x=27);
(c) Alloy A"3 (x=35); (d) Alloy A"4 (x=41); (e) Alloy A"5 (x=49); (f) Alloy A"6 (x=55); (g) Alloy A"7 (x=60);

(h) Alloy A"8 (x=66)
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Table 3 Chemical compositions of different phases in
Al;,CryFe,Nis;-, alloys annealed at 800 °C for 30 d

Designed Detected composition/at.%
... Alloy Phase
composition Al Cr Fe Ni
7A1-20Cr— AT FCC 54 198 272 476
27Fe—46Ni B2 283 4.1 9.7 579
7A1-20Cr— A3 FCC 50 210 364 376
35Fe—38Ni B2 179 125 233 463
FCC 40 214 434 312
7A1-20Cr—
. A"4 BCC 93 19.1 389 327
41Fe—32Ni
B2 273 6.1 164 502
FCC 43 212 516 229
TAIP20C s Boc 52 365 432 1S
49Fe—24Ni ' ' ' '
B2 227 139 250 384
FCC 31 199 604 16.6
7A1-20Cr—
. A"6 BCC 6.0 287 503 15.0
55Fe—18Ni
B2 214 17.1 31.1 304
FCC 5.0 17.7 633 14.0
7A1-20Cr—
. A" BCC 34 274 630 62
60Fe—13Ni
B2 228 140 340 292
7AI-20Cr—  ~ BCC 58 206 680 5.6
66Fe—7Ni B2 152 164 535 149
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Fig. 8 TEM image and corresponding selected area
electron diffraction patterns of Al;CryFeNiy (A"S)
alloy annealed at 800 °C for 30 d

XRD pattern (Fig. 6(f)) and BSE image (Fig. 7(f))
of Alloy A"7, the large dendritic-like FCC phase
is stable after annealing at 800 °C. The volume
fraction of the BCC phase in Alloy A"7 is around
40 at.%, and its Al and Ni content decreases while
its Fe content is 2.6% higher than that of Alloy AS.
The fine dark B2 phase is distributed at the
boundaries of the FCC and BCC phases. The BSE
image of Alloy A"S is similar to that of Alloy A'S,

as can be seen from Figs. 7(g) and 5(g). The
volume fraction of the dot-like B2 phase increases
after 800 °C annealing.

After annealing at 1000 °C for 30 d, the alloys
reach the equilibrium. As can be seen from
Tables 1-3, the composition of the precipitated
B2 phase is 27.0-35.4 at.% Al, 3.1-6.4 at.% Cr,
18.0-20.5 at.% Fe and 42.2-51.6 at.% Ni. This
varies a little with the Fe and Ni contents. Although
the B2 phase exists in both the Al-Fe and AI-Ni
binary systems, the B2 phase in the Al-Cr—Fe—Ni
quaternary system is a Ni-rich one.

3.4 Microhardness

Figure 9 shows the microhardness of the
Al,CryFeNiss-, alloys in three kinds of states. It is
obvious that, when the Fe content is below 41 at.%,
the hardness decreases a little with the increase of
Fe content. Annealing at 1000 °C for 30 d has no
significant effect on the hardness of these alloys,
although a small amount of B2 phase precipitates.
The hardness of the alloys even decreases with
50—55 at.% Fe. This is because the precipitation of
the B2 phase decreases the Al content in the FCC
phase and softens the FCC phase. When the Fe
content is above 41 at.%, the hardness of the as-cast
alloys increases with the Fe content due to the
formation of the BCC-type phase. However,
annealing at 1000 °C for 30 d softens these alloys,
which is also caused by the decreasing Al content in
the FCC matrix.

As can be seen from Fig. 9, annealing at
800 °C for 30 d can harden the alloys when the Fe
content is 35—55 at.%. This is due to precipitation
of the BCC phase in the FCC matrix, as discussed

500
450 -

400 - = — As-cast

e — 800 °C-annealed

350 4 — 1000 °C-annealed

300 |
250 -

Microhardness (HV)

200 -

150

100 1 1 1 1 1 1 1
10 20 30 40 50 60 70

Fe content/at.%
Fig. 9 Microhardness of
Al;CryFeNiss-, alloys

as-cast or annealed
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above. However, the microhardness of Alloy A"7
(Al;CryFeqNij3) markedly decreases after 800 °C
annealing, for the existence of the stable FCC
phase. As presented above, the BCC phase in Alloy
A7 or Alloy A'7 is transformed from FCC phase
during cooling. As for Alloy A"8, the BCC and B2
phases are stable at this temperature and the BCC
phase can tolerate a lower Al content. It is worthy to
note that, although the alloys can be dramatically
hardened by the transformation of FCC to BCC
during cooling, this also leads to high internal
stress [33] and worsens the mechanical properties
of the alloy.

It is well known that the alloys with FCC-type
structure have better plastic formability than those
with BCC-type structure. As discussed above, three
types of phases exist in the Al,CryoFeNiss—, alloys.
Most of these as-cast alloys are composed of the
FCC phase. That is to say, hot-rolling is possible at
higher temperatures. For the precipitation of the
BCC or B2 phase after annealing, these alloys can
be strengthened by aging, for example at 800 °C. Of
course, a higher Al content leads to higher hardness.
LIU et al [23] reported that, after homogenization,
hot-rolling, and annealing at 1000 °C, the AlgCr3;s-
FeysNis; 5 alloy displayed an excellent combination
of strength (yield strength is ~635 MPa and fracture
strength is ~1155 MPa) and ductility (tension strain
is ~11%). The results also show that the alloy
strength is dramatically affected by the Al content.
As can be seen from the chemical composition in
Tables 1-3 and the published data, the FCC phase
can tolerate less than 7 at.% Al. There is a large
composition range that varies with the Fe and Ni
content. The solubility of Al in the FCC phase
decreases  with  decreasing the
temperature.

annealing

4 Conclusions

(1) Not all the as-cast Al;CryFe,Nis;-, alloys
are composed of single FCC phase. The FCC to
BCC transformation at near 900 °C during cooling
results in the existence of the BCC phase in the
as-cast Fe-rich Al;CryoFe,Nis;-, alloys.

(2) After annealing at 1000 °C for 30 d, the Al
content in the FCC solid solution decreases and the
microhardness of the alloys decreases. A small

amount of Al-rich B2 particles precipitate at the
phase boundary and rod-like BCC
nanocrystallites precipitating in the FCC matrix

some

increase the hardness of the 800 °C-annealed
Al,CryFeNizp—, (x=41-49) alloys.

(3) The FCC phase is stable in the 800 °C-
annealed Al,Cry0FegNi;; alloy, which decreases the
hardness of the alloy.

(4) The B2 phase has a large composition
range of 27.0-35.4at% Al, 3.1-6.4 at.% Cer,
18.0—20.5 at.% Fe and 42.2—-51.6 at.% Ni. It has a
higher Ni content and can only tolerate less than
6.4 at.% Cr.
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800 F 1000 °C iR A3 Al,CryFeNis- &%
AR L AR OS2

ZKRED, AR, A, 0 2, R EY, Gl

L HWNRE MRS TR MRS SRR G A=, WM 213164;
2. HMKE LHESREES TR RS G, #I 213164

W OE: K Fe S 20 800 °C A1 1000 °C iB K J& Al,CryFeNiss ., (x=13~66)% 4 B4, A4 A=
TRRE R . XSG SR AE# tH FCC BAHA K, —2& & A77E BCC M B2 M. WFFAIESE, Al,CryFegNi; &
4 1) BCC A AER EE R B FCC AHAE 900 °C 7247 %678 ik 1M FCC AHAE 800 °C iR K51 Al,CryoFegoNiis
GEPRREAE, NS ELSRE S 800 °C B KGRI R, st BERW, BT B2 KiTi#TH, 1000 °C
1B KJE I FCC M Al & B F%, & 4005 FA%. ok, 800 °C B K JG, fEMm AN /D& E Al /) B2 Bk & 7E FCC
FEPRHHT H — 9K BCC M, F Al,CryFe,Nigy, (=41~49) &SI . X L2 JUE A B T Al-Cr-Fe—Ni 5t
A A R B AN T L%
KA WA 4 Al-Cr—Fe-Ni; AHZHA; SR, Hub

(Edited by Bing YANG)



