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Abstract The phase constituent and microstructure of arc-

melted AlxCo2-xCrFeNi multicomponent alloys, in both

the as-cast state and after annealed at 800 or 1000 �C for

30 days, were experimentally investigated by scanning

electron microscopy and x-ray diffraction. Different phase

constituents were obtained in these alloys. The Al0.25-
Co1.75CrFeNi alloy was composed of a single FCC phase in

both as-cast and 1000 �C annealed states. Small amount of

B2 phase precipitated after 800 �C annealing. A eutectic

structure was observed in the Al0.75Co1.25CrFeNi alloy. Its

morphology kept, but small amount of r phase separated,

after being annealed at 800 �C for 30 days. In the Alx-
Co2-xCrFeNi (x = 1.25-1.75) alloys, a single B2 phase was

obtained in the as-cast state, it would turn to two-phase of

BCC ? B2 after 800 �C or 1000 �C annealing. The as-cast

AlCoCrFeNi alloy was also composed of a single B2

phase, it would transform to four phases of BCC ? B2 ?

FCC ? r after 800 �C annealing, and to two phases of

B2 ? FCC after 1000 �C annealing for the r phase is not

stable at 1000 �C. Moreover, experimental results

indicated that the alloy hardness increased with the Al

content. The existence of the r phase could obviously

harden the alloy. Except for the alloys with r precipitation,

the hardness of the annealed alloys was lower than that of

the as-cast ones. In addition, increasing the annealing

temperature coarsened the grains and softened the alloys.

Keywords Al-Co-Cr-Fe-Ni � annealing � microstructure �
multicomponent alloys

1 Introduction

High-entropy or multicomponent alloys,[1-4] which have at

least five major metallic elements with the atomic fraction

of each principal element being between 5 and 35% (all

compositions herein are in at.% unless otherwise specified),

are different from conventional alloys. Recently, these

alloys have been widely researched. Because the CoCrFeNi

alloy is a single FCC phase with high tensile ductility and

fracture toughness,[5] most researchers added one or two

elements into equiatomic CoCrFeNi alloys for strengthen-

ing.[6-12] Among these systems, the Al-Co-Cr-Fe-Ni mul-

ticomponent alloys have been widely studied for their

extremely high strength, excellent thermal stability and

corrosion resistance.[13-18] In Al-Co-Cr-Fe-Ni multicom-

ponent alloys, Fe and Co tend to segregate to the dendrites,

while Al and Cr segregate to interdendrites.[19] Further-

more, Al can stabilise the BCC phase [1,2] and Co is an

FCC stabiliser.[20] Nevertheless, too much attention has

been paid to the pseudo-binary Al-CoCrFeNi,[16,21-29]

limiting the diversity of Al-Co-Cr-Fe-Ni multicomponent

alloys.
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Heat treatment is a common method to acquire nanos-

tructures and stabilise the phases.[30] Al0.3CoCrFeNi alloys

have higher tensile strength and ductility at ambient tem-

perature than at cryogenic temperature.[31] Niu et al.[32]

studied an Al0.5CoCrFeNi alloy annealed at 650 �C for 0.5-

8 h and reported that the heat treated alloy had a superior

combination of strength and plasticity. In addition, for

potential application in high heat areas, the phase stabilities

of high-entropy alloys at high temperatures need to be

understood. Butler and Weaver [33] reported that the

microstructure of AlxCoCrFeNi (x = 0.5-1.0) alloys

became coarser after annealing at 1050 �C for 520 h and

the alloys consisted of FCC, B2, BCC and/or r phases after

annealing at 700 �C for 1000 h. Tsai et al.[34] proved that

the Al0.5CoCrCuFeNi alloy obtained outstanding mechan-

ical properties after annealing. Furthermore, Wu et al.[35]

showed that annealing treatments had a significant effect

on the microstructure and properties. Compared with the

as-cast alloys, the compression strength increased after

annealing.

In spite of intensive investigations in the past few years,

the phase stability at high temperature within this multi-

component alloy system is still poorly understood and

needs to be clarified, which poses obstacles for promising

Al-Co-Cr-Fe-Ni multicomponent alloys. Although there

are many researches about the AlxCoCrFeNi alloys, the

investigation on the AlxCo2-xCrFeNi alloys is missing. For

further understanding of the Al-Co-Cr-Fe-Ni multicompo-

nent alloys and the effect of Al and Co content on their

phase constituent, in the present work, the Cr, Fe and Ni

contents were fixed at 20 at.%, and a series of AlxCo2-x-

CrFeNi alloys were designed and annealed at 800 and

1000 �C for 30 days. The effect of the Al and Co contents

and annealing temperatures on the phase constituent,

microstructure and microhardness of the alloys were

investigated.

2 Experimental

To study the effect of Al and Co contents on the

microstructure and microhardness of Al-Co-Cr-Fe-Ni

alloys, the Cr, Fe and Ni contents were fixed at 20%, seven

AlxCo2-xCrFeNi (x = 0.25-1.75) alloys were designed.

The designed alloys with a total mass of 10 g, consisting of

four high-purity components ([ 99.95%), were prepared

by an arc melting casting method in an atmosphere of

purified argon. It is necessary to repeat the melting at least

four times to ensure the chemical homogeneity of the alloy.

These alloy specimens were then cut into three pieces: one

part was used as the as-cast state, while the others were

sealed in an evacuated quartz tube and then annealed at 800

and 1000 �C for 30 days, respectively, and quenched in

cold water at the end of the treatment. To differentiate from

the as-cast alloys, the 800 and 1000 �C annealed alloys

were denoted as A’ and A’’, respectively.

To conduct the observation of microstructures, the

specimens were ground using silicon carbide papers with

#400-#2000 grit, and finally, a 1 lm diamond suspension

was used to perform surface polishing. The specimens

without etching were examined using a JSM-6510 scan-

ning electron microscope (SEM) equipped with an Oxford

INCA energy dispersive spectrometer (EDS). The structure

of the cylindrical alloys was characterised by x-ray

diffraction (XRD) using a D/max 2500 PC x-ray diffrac-

tometer with Cu Ka radiation and a 2h step size of 0.02�.
Hardness measurements were conducted using a Vickers

hardness tester (HXD-1000TMC/LC) under a load of 200

gf maintained for 20 s.

3 Results

3.1 As-Cast Microstructure

The XRD patterns and back-scattered electron (BSE)

images of the as-cast AlxCo2-xCrFeNi (x = 0.25-1.75)

alloys are shown in Fig. 1 and 2, respectively. The SEM–

EDS analysis results of each phase or region are listed in

Table 1. It is clear that, except for alloys A2 and A3, the

others show just single phase. They should be the BCC-

type or FCC-type phases according to the XRD patterns in

Fig. 1. Based on available information about the Co-Cr-Fe-

Ni system,[5,36] the FCC-type phase in the present work

Fig. 1 XRD patterns of as-cast AlxCo2-xCrFeNi (x = 0.25-1.75)

alloys
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should be the FCC solid solution, although it contains less

than 10.2 at.%Al. Moreover, according to the thermody-

namic calculation based on TCFE database, the FCC solid

solution is also stable at 1000 �C for the composition

detected in alloy A1. It needs to note that the TCFE

database is a Fe-based thermodynamic database and it can

not work for the alloy with high Al content. The B2 phase

denoted in the present work is judged by its XRD pattern,

EDS result and BSE image. Firstly, in the XRD pattern, a

small characteristic peak for (100) plane at * 30.9� (2h) is
a difference between the BCC solid solution and the

ordered B2 phase. Secondly, in the sub-binary systems of

the Al-Co-Cr-Fe-Ni system, the ordered B2 phase just exist

in the Al-contained binary systems, such as Al-Fe, Al-Ni,

Al-Co. And the BCC solid solution is unstable when Al

content is above 20 at.%, may because Al has much larger

atomic size larger than Co, Cr, Fe, Ni. Moreover, Lim

et al.[37] had also distinguished BCC-A2 and BCC-B2 by

selected area diffraction pattern in AlCoCrFeNi alloy.

Besides, the B2 phase should be an Al-rich phase and is

much darker than BCC phase in BSE image.

The BSE image (Fig. 2a) and XRD pattern (Fig. 1a)

show that a FCC single phase exists in the as-cast alloy A1

(5Al35Co20Fe20Cr20Ni). The characteristic peaks of the

FCC phase become weak with the increase of the Al

content, and the alloy microstructures also change obvi-

ously. When the Al content increases to 10% in alloy A2, a

darker Al-rich phase appears (Fig. 2b). A weak BCC-type

characteristic peak at 44.5� (2h) is observed in its XRD

pattern (Fig. 1b). Actually, there is a very small peak at

30.9� (2h) which proves the phase is BCC-B2. Moreover,

EDS result shows the darker phase contains 25.5 at.%Al,

which is much higher than the Al content in the alloy, as

shown in Table 2. With the increase of the Al content, the

B2 phase increases. The XRD pattern in Fig. 1c indicates

that the FCC and B2 phases coexist in alloy A3. As can be

seen from Fig. 2c, a eutectic structure exists in the as-

casted alloy A3, which is different from other alloys. In the

solidified FCC grains of alloy A3 (Fig. 2c), a significant

number of long stripes are formed and it exhibits a den-

dritic structure. Based on the detected composition, the

white phase is the FCC phase while the grey one is the B2

phase with a higher Al content.

The microstructures of alloys A4-A7 are the same and

show a single phase. For there are small peaks at * 31�
(2h) in their XRD patterns and the Al content is above

19.3 at.%, the single phase in all these alloys were iden-

tified by B2 phase. In alloy A4, the characteristic peak at

around 44.3� (2h) is too strong, it takes careful observation

to see the peaks at 30.9� (2h). In these alloys, the Al

content increases from 20 to 35 at.%. Based on these

results, it is believed that the single B2 phase can be

obtained in the as-cast AlxCo2-xCrFeNi (x = 1.0-1.75)

alloys.

3.2 Annealed Microstructure at 800 �C

After being annealed at 800 �C for 30 days (alloys A01-
A07), both the phase constituents and microstructures

greatly changed. Their XRD patterns and BSE images are

presented in Fig. 3 and 4, respectively. The alloy

Fig. 2 BSE micrographs of as-cast AlxCo2-xCrFeNi alloys: (a) A1, x = 0.25; (b) A2, x = 0.50; (c) A3, x = 0.75; (d) A4, x = 1.00; (e) A5,

x = 1.25; (f) A7, x = 1.75
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compositions and phase compositions detected by SEM–

EDS are also listed in Table 1.

A small amount of the darker phase can be observed in

alloy A01. Compared to the as-cast alloys, this phase is

separated from the FCC phase during annealing at 800 �C.
The phase is too small to be well detected by both XRD

and SEM–EDS. It is believed that the darker grains are the

ordered BCC (B2) phase, because it is much darker than

Table 1 Detected chemical compositions of arc-melted AlxCo2-xCrFeNi (x = 0.25-1.75) alloys in the as-cast state and after annealing at 800

and 1000 �C for 30 days

Designed composition No. States Phase/Region Detected composition, at.%

Al Co Cr Fe Ni

5Al35Co20Fe20Cr20Ni (x = 0.25) A1 As-cast Total/FCC 5.1 34.5 20.2 20.1 20.1

A01 800 �C annealed FCC 4.6 35.4 19.2 20.4 20.4

A001 1000 �C annealed FCC 4.7 35.6 19.8 20.2 19.7

10Al30Co20Fe20Cr20Ni (x = 0. 5) A2 As-cast Total 10.3 29.4 20.0 20.2 20.1

FCC 9.1 30.1 21.5 20.5 18.8

B2 25.5 22.6 13.3 12.5 26.1

A02 800 �C annealed FCC ? B2 8.4 30.5 20.3 20.7 20.1

B2 31.6 18.2 5.5 10.1 34.6

A002 1000 �C annealed FCC 6.6 31.5 22.1 21.3 18.5

B2 29.2 21.4 7.4 11.2 30.8

15Al25Co20Fe20Cr20Ni (x = 0.75) A3 As-cast Total 15.4 24.8 19.9 19.9 20.0

FCC 10.2 26.4 21.0 22.0 20.4

B2 19.5 22.8 19.8 18.2 19.7

A03 800 �C annealed FCC 8.5 22.6 23.9 28.4 16.6

B2 27.8 19.8 10.6 13.1 28.7

BCC 4.3 23.0 42.6 19.9 10.2

r Not detected.a

A003 1000 �C annealed FCC 7.7 27.4 25.2 23.7 16.0

B2 26.9 21.3 11.4 13.8 26.6

20Al20Co20Fe20Cr20Ni (x = 1.0) A4 As-cast Total/B2 19.3 20.0 20.3 20.3 20.1

A04 800 �C annealed FCC 6.5 25.8 24.8 27.8 15.1

B2 29.1 18.7 9.9 14.1 28.2

BCC 5.9 19.8 40.8 24.2 9.3

r Not detected.a

A004 1000 �C annealed FCC 6.0 23.5 27.7 28.0 14.8

B2 30.5 19.1 7.3 11.6 31.5

25Al15Co20Fe20Cr20Ni (x = 1.25) A5 As-cast Total/B2 24.2 14.9 19.4 20.1 21.4

A05 800 �C annealed B2 29.1 15.9 13.6 16.2 25.2

BCC 15.8 14.6 30.4 24.4 14.8

A005 1000 �C annealed B2 30.5 19.1 7.3 11.6 31.5

BCC 6.8 13.9 42.3 30.2 6.8

30Al10Co20Fe20Cr20Ni (x = 1.5) A6 As-cast Total/B2 27.5 10.3 20.5 20.7 21.0

A06 800 �C annealed BCC ? B2b 27.3 9.9 21.5 21.5 19.8

A006 1000 �C annealed B2 38.7 12.5 5.8 12.2 30.8

BCC 9.2 6.6 44.9 34.6 4.7

35Al5Co20Fe20Cr20Ni (x = 1.75) A7 As-cast Total/B2 33.9 5.3 20.1 20.1 20.6

A07 800 �C annealed BCC ? B2b 38.7 3.6 14.5 19.6 23.6

A007 1000 �C annealed B2 42.9 6.9 6.9 12.7 30.6

BCC/B2 19.2 2.7 40.2 31.1 6.8

aThe r phase is clearly identified by XRD. But its phase composition is not detected for the small phase size and limited color difference
bThis is the average composition of a BCC ? B2 region, because the phase size is too small to distinguish BCC and B2

J. Phase Equilib. Diffus. (2019) 40:706–714 709

123



FCC, which means much higher Al content. Since the Al

content is up to 10 at.% (alloy B02), the darker regions

grow and the lighter areas appear as amplitude modulating

decomposition (marked as ‘‘B’’), which can promote the

separation of the over-saturated components. EDS results

show that the B2 phase is rich in Al and Ni and poor in Cr

and Fe, while the FCC phase is a Co- and Fe-rich and Al-

poor region. According to the EDS results in Table 1, the

Al content of the FCC phase in the 800 �C annealed state is

marginally lower than the as-cast state, i.e., the as-cast FCC

phase is over-saturated with Al content.

As for the 800 �C annealed alloy A03, its XRD pattern in

Fig. 3(c) indicates that the major FCC phase and a small

amount of the BCC-type and r phases coexist. Compared

to the as-cast alloy A3 (Fig. 1c), the characteristic peaks of

the r phase can be observed, i.e., the r phase forms during

annealing at 800 �C. However, we failed to distinguish its

phase composition because these phases are too fine and

have similar colours with other phases. The FCC and BCC

phases also have no colour difference, but they can be

distinguished by SEM–EDS. EDS results prove that some

of the lighter grains are Cr-rich and Al-poor BCC phase,

while some of them are FCC phase, which has much lower

Cr content but with higher Fe and Ni content. Their com-

position are presented in Table 1. Moreover, the B2 phase

can be identified by its colour and chemical composition,

but not by XRD pattern for its limited volume fraction. The

Al content in the darker B2 phase turns to be 27.8 at.%

after 800 �C annealing, which is much higher than that of

the as-cast B2 phase.

Table 2 Summarizing the composition rang of the detected phases in

the present work

Phases Detected composition range, at.%

Al Co Cr Fe Ni

FCC \ 9.1 23.5-35.4 19.2-27.7 20.1-28.4 14.8-20.4

BCC 4.3-9.2 6.6-19.8 40.8-44.9 19.9-34.6 4.7-10.2

B2 25.5-42.9 6.9-22.8 5.5-13.6 10.1-16.2 25.2-31.5

Fig. 3 XRD patterns of AlxCo2-xCrFeNi alloys annealed at 800 �C
for 30 days

Fig. 4 BSE micrographs of AlxCo2-xCrFeNi alloys annealed at 800 �C for 30 days: (a) A01, x = 0.25; (b) A02, x = 0.50; (c) A03, x = 0.75;

(d) A04, x = 1.00; (e) A05, x = 1.25; (f) A06, x = 1.50; (g) A07, x = 1.75
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The 800 �C annealed alloy A04 alloy (20Al20Co20-

Fe20Cr20Ni) also contains the B2, BCC, FCC and r
phases. The characteristic peaks of the r, FCC, and B2

phases can be well indexed in its XRD patterns (Fig. 3d).

From Fig. 3(d), it seems that the alloys should have a

distinct volume fraction of the r phase, but the grains are

too small to examine its composition. Actually, the similar

structure was also reported by Lim et al.,[37] in which the

AlCoCrFeNi alloy was heat-treated at 700 �C for 6 h and

had smaller grain size. They pointed out that the dendritic

region had BCC-A2 and BCC-B2 dual-phase structure. As

for the alloy A05, its XRD pattern shows that the major

phase in the alloys is B2, just small amount of r phase

exist, while the FCC phase is totally disappeared.

Both alloys A06 and A07 include the BCC and B2 pha-

ses. Although the characteristic peaks of BCC phase are

overlapped by B2 phase, two phases can be distinguished

in their BSE image, as shown in Fig. 4(f) and (g). These

two phases are too fine to be detected their compositions by

EDS. That is to say, the BCC phase will precipitate from

the as-cast B2 phase in AlxCo2-xCrFeNi (x = 1.5-0.175)

alloys. As can be seen from Fig. 4(f) and (g), the phase size

in alloy A07, with higher Al content, is finer than that in

alloy A06.

3.3 Annealed Microstructure at 1000 �C

The microstructure of the alloys changes obviously and the

over-saturated solid solution tends to stabilise after being

annealed at 1000 �C for 30 days. Their XRD patterns and

SEM images are presented in Fig. 5 and 6, respectively.

The EDS results are also included in Table 1. Compared to

the 800 �C annealing for 30 days, the grains become

coarser and the r-FeCr phase disappears.

As can be seen from Fig. 5(a) and 6(a), the alloy A001
still contains the single FCC phase. The alloy A002 contains

two different regions and the needle- and plate-like B2

phase precipitated from the FCC phase. The EDS results

reveal that the B2 phase is rich in Al and Ni while the FCC

phase is rich in Co and Fe. XRD patterns can identify these

two phases apparently, but the volume fraction of B2 phase

in alloy A002 is limited. With the Al content increasing to

15-20%, the microstructure turns into dendritic. The den-

drites contain the FCC phase and the interdendritic

includes the B2 phase. The amount of B2 phase increases

gradually from alloy A001 to A004. And the FCC phase

disappears when the Al content reaches 20% (alloy A005).
As shown in Fig. 6(e–g), it is clear that alloys A005-7
contain two phases. Based on EDS results and XRD pat-

terns, they are confirmed to be BCC ? B2 phases. The

existence of small peaks at 30.9� (2h) indicates that these
alloys contain B2 phase. Compared with the as-cast

microstructure, the Cr-rich BCC phase, with the composi-

tion of 6.8Al-13.9Co-42.3Cr-30.2Fe-6.8Ni, forms after

annealing. With further increasing of the Al content, the

size of the BCC phase decreases from 1.6 to 1.0 lm in

alloys A006 and A007, respectively.

3.4 Microhardness of AlxCo22xCrFeNi Alloys

Figure 7 shows the microhardness of the AlxCo2-xCrFeNi

alloys in the as-cast or 800 and 1000 �C annealed states.

With the exception of alloy A5 in the as-cast and 800 �C
annealed states, the hardness of alloys tends to increase

with Al content.

With fixed Cr, Fe and Ni contents at 20%, the hardness

of the as-cast AlxCo2-xCrFeNi (x = 0.25-1.75) alloys

changes from 138 HV (A1) to 603 HV (A7) with the

increase of the Al content. After being annealed at 800 �C
for 30 days, their hardness decreases from 167 HV (A01) to
556 HV (A04). For the eutectic structure existed in alloy

A3, its hardness even increases after 800 �C annealing.

Moreover, the hardness of alloys dramatically decreases

after 1000 �C annealing. This is because the grains become

coarser. The largest change of hardness is the equiatomic

AlCoCrFeNi (A004) alloy because of the coarse FCC grains

forming. The maximum difference values of the as-cast

alloys that exceed the 800 and 1000 �C annealed states

alloys are 55 and 143 HV, respectively.

The BCC-type and r phases can harden the alloys while

the FCC phase can soften them. Therefore, the tendency of

hardness increases with Al content. The hardness of alloy

A04 is larger than that of alloy A05 at 800 �C, because the

lower amount of the r phase. In addition, it has been
Fig. 5 XRD patterns of AlxCo2-xCrFeNi alloys annealed at 1000 �C
for 30 days
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proved that the mismatch between the BCC and B2 phases,

which form intervened structures containing many inter-

faces with coherent internal stresses, can contribute to a

certain amount of hardening.[38] The smaller width would

possess a higher interfacial area and thus a high hardness

value.[16] The grain size of alloys A5-A7 becomes smaller

(Fig. 4e–g and 6e–g), which leads to the slight rise in

hardness from alloys A5-A7 annealed at 800 and 1000 �C
for 30 days.

4 Discussion

As discussed above, the microstructure of the AlxCo2-x-

CrFeNi (x = 0.25-1.75) alloys transforms obviously by

adjusting the Al and Co content or changing the annealing

temperature. With the increase of the Al content, the phase

composition of the AlxCo2-xCrFeNi alloys transforms

from FCC to FCC ? B2 and then to the BCC-type phases.

According to the EDS results in Table 1, less than 9.1 at.%

Al and more than 23.5 at.%Co was detected in the

annealed FCC phase; the BCC phase is enriched in Cr

content ([ 40.8 at.%) and low Al content; while the Al

content in the B2 phase is above 25% in annealed alloys. It

needs to note that the composition of the BCC phase in

800 �C annealed alloy A05 may not accurate enough for its

small size. The composition ranges of the FCC, BCC and

B2 phases detected in the present work are summarized in

Table 2.

The microstructure changes obviously and new phases

separate out after annealing. After being annealed at

800 �C for 30 days, both alloys A02 (Al0.5Co1.5CrFeNi)

and A05 (Al1.25Co0.75CrFeNi) display amplitude modulat-

ing decomposition, which is beneficial for separating the

over-saturated elements. Alloys A03 (Al0.75Co1.25CrFeNi)

and A04 (AlCoCrFeNi) show a dendritic structure while

alloys A06 (Al1.5Co0.5CrFeNi) and A07 (Al1.75Co0.25-
CrFeNi) are uniform. Although the alloys were annealed at

800 �C for 30 days, the grain size is still very small.

Anyway, the r phase can make the alloy hard and brit-

tle.[39] But it is unstable at 1000 �C in these alloys. Com-

pared to 800 �C annealed alloys, the grain size in the

1000 �C annealed alloys becomes much larger. These

results have the same tendency by Wang et al. [22] for the

AlxCoCrFeNi alloys. Therefore, the Al content is the key

factor that determines the amount of the BCC phase. In

addition, as has been proved, the B2 phase can strengthen

the BCC phase to harden the alloys.[40] From the SEM

images of Fig. 4 and 6, the volume fraction of the B2 phase

Fig. 6 BSE micrographs of AlxCo2-xCrFeNi alloys annealed at 1000 �C for 30 days: (a) A001, x = 0.25; (b) A002, x = 0.50; (c) A003, x = 0.75;

(d) A004, x = 1.00; (e) A005, x = 1.25; (f) A006, x = 1.50; (g) A007, x = 1.75

Fig. 7 Microhardness of AlxCo2-xCrFeNi (x = 0.25-1.75) alloys
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at 1000 �C is different from that of 800 �C annealed alloys

with the same composition. Moreover, upon increasing the

annealing temperature to 1000 �C, the grain size become

much larger, which leads a decrease in the alloy hardness.

In addition, except for alloy A001 (Al0.25Co1.75CrFeNi,

Fig. 6a), the phase boundary in the 1000 �C annealed

alloys can be observed distinctly.

5 Conclusions

The phase constituent, microstructure and microhardness

of the AlxCo2-xCrFeNi alloys in as-cast and 800 or

1000 �C annealed states were investigated in the present

work. After being annealed for 30 days, the phases tended

to stabilise and the microstructure and hardness of the

alloys changed transparently. Based on the experimental

results and analysis, the following conclusions can be

drawn:

1. With the increase of the Al content, the phases in the

as-cast AlxCo2-xCrFeNi (x = 0.25-1.75) alloys change

from FCC to FCC ? B2 and then to B2.

2. The eutectic structure exists in the as-cast and 800 �C
annealed Al0.75Co1.25CrFeNi alloy. After annealing at

1000 �C, it turns to the coarse grains of the FCC and

B2 phases.

3. The single B2 phase can be obtained in the as-cast

AlxCo2-xCrFeNi (x = 1-1.75) alloys. After annealing

at 800-1000 �C, the BCC phase will precipitate from

the B2 phase in these alloys.

4. The r phase forms in the 800 �C annealed AlxCo2--

xCrFeNi (x = 0.75-1.25) alloys. However, it cannot

exist in the 1000 �C annealed alloys.

5. The hardness of as-cast alloys can reach 603 HV. The

annealed samples at 800 and 1000 �C can achieve 556

and 497 HV, respectively.
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