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Abstract

The effects of Ti on the microstructures, macrohardness and compressive properties of the as-cast Al, sCrFeNi, ;Mn, ¢Ti,
HEAs were investigated. The results showed that the microstructures of as-cast Al sCrFeNi, ;Mn, ¢Ti, alloys was changed
from FCC phase to a mixture of FCC and BCC phases, then to a mixture of BCC phase and Ti-containing interme-
tallic compound as the increasing of Ti content. Chrysanthemum-like eutectic microstructure was obtained in the
Al sCrFeNi, ;Mn¢Ti, s and Al sCrFeNi, ;Mn ¢Ti alloys. The area of flower core was composed of BCC2 phase, and
eutectic microstructure was achieved in the petal area which contained BCC1 phase and BCC2 phase. Moreover, the mac-
rohardness of the as-cast alloys increased with the increasing of Ti, and the Al ;CrFeNi, ;Mn, ¢Ti, 5 alloy showed excellent

comprehensive compressive properties.
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1 Introduction

According to the traditional alloys design concept, adding
too much alloying elements to conventional alloys could be
easy to form brittle intermetallic compounds which would
worsen the performance [1-3]. It is generally believed that
the large entropy value in high entropy alloys (HEAs) due
to the large variety of alloying elements result in the high
entropy effect which could inhibit the formation of interme-
tallic compounds [4—6]. HEAs designed by novel way which
are commonly composed of simple solid solution greatly
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broaden the variety of alloys and also have great potential
in many applications [7-13].

Traditional titanium alloy is widely used in the field of
aerospace. In addition, Ti element is often added into HEAs
to regulate microstructure and improve their performance.
Wang et al. [14]. studied the effects of Ti on the micro-
structure and properties of AICrFeCoNiCu alloy. It was
found that the addition of Ti changes the morphology of
the alloy from dendrites to cellular crystals, and the hard-
ness increases while the plasticity decreases. He et al. [15].
prepared the HEA coating by laser cladding method, and the
effect of Ti element on the structure and properties of FeCo-
CrNiAlTi HEA coating was studied. The results showed that
the HEA coating consists of two BCC phases, the hardness
of the alloy increased while the wear resistance coefficient
decreased. So far most of the widely studied AICrFeNi-M
HEAs contain Co element. However, the application of Co-
containing HEA in modern industry is restricted because of
its high price. It is common know that Mn element is cheap
and abundant in natural world. Based on the AICrCuFeCoNi
alloy, new alloy was introduced in which Co was replaced
by Mn. Chen et al. [16]. found that the addition of Mn pro-
motes the formation of BCC phase in the Co-free HEA.
Appropriate amount of Mn was added to the alloy could
improve the mechanical property of the alloy [17]. There-
fore, based on the AlICoCrFeNi, ; high entropy alloy with
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excellent mechanical properties [18], Al sCrFeMn, gNi, | Ti,
high entropy alloys were obtained by replacing the Co with
Mn and adding Ti element in this investigation. In order
to provide reliable data for the practical application of the
Al sCrFeMn¢Ni, ; Ti, alloys, the effect of Ti element on the
microstructure, hardness and compression properties was
researched systematically by means of X-ray diffractometer,
optical microscope, scanning electron microscopy-energy
spectrometer, hardness tester and electro-hydraulic servo
pressure testing machine.

2 Experiment

The experimental granular metals of Al, Cr, Fe, Mn,
Ni and Ti with purities above 99.99% were used as raw
materials, which were prepared by the molar ratio of
0.5:1.0:1.0:0.8:2.1:x (x=0, 0.5, 1.0 and 1.5). The nominal
composition of the Al sCrFeMn, ¢Ni, ;Ti, alloys was shown
in Table 1. The alloys were melted in a WK non-consumable
vacuum arc furnace under argon protection, and the weight
of cast ingot was about 15 g. The ingots of the alloys were
melted repeated at least 5 times to improve the chemical
homogeneity. Moreover, the samples for microstructure
observation and performance testing were cut from the cen-
tre of the ingots.

The phase composition and microstructure of the
Al sCrFeMn, ¢Ni, ;Ti, alloys were observed by an

AJSM-6360LV scanning electron microscope with energy
spectrometer. The surfaces of the samples were etched with
aqua regia before the observation with scanning electron
microscope. The phase structure of the alloys was analyzed
by a Rigaku Ultimate IV X-ray diffractometer, and the dif-
fraction angle ranged from 20° to 90° and the scanning speed
was 5°/min. The macrohardness of the alloy was measured
by an EVERONE MH-5L vickers hardness tester with a
loading load of 1 kg and a loading time of 15 s, and at least
8 points were measured for each sample to improve the accu-
racy. The compressed samples were 6 mm in diameter and
9 mm in height giving an aspect ratio of 1:1.5. The surfaces
of the cylindrical compression sample were polished care-
fully to obtain smooth surfaces. A Gleeble-3500 thermo-
mechanical simulator was used to carry out the compres-
sion tests at a nominal strain rate of 5x 10~ s~! under room
temperature.

3 Results
3.1 XRD Analysis

The XRD patterns of as-cast Al sCrFeNi, ;Mn, ¢Ti, alloys
were shown in Fig. 1. Only the diffraction peaks that cor-
responding to FCC phase in as-cast Ti,, alloy were found, as
can be seen in Fig. la. However, two kinds of BCC phases
were formed as the content of Ti increased to 0.5 and the

Table 1 Nominal

. . Alloys Abbreviation Al Cr Mn Fe Ni Ti
chemical composition of
Aly sCrFeMn, ¢Ni,  Ti, high Al sCrFeMny Ni, | Tiy 926 1852 1481 1852 3889 -
entropy alloys (at%) AlysCtFeMnggNi, Tigs  Tigs 847 1695 1356 1695 3559 847
AlysCrFeMngNi, Ti, g T, 7.8 1563 125 1563 3281  15.63
AlysCrFeMnyNiy Ti, s Tijs 725 1449 1159 1449 3043  21.74
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Fig. 1 XRD patterns of as-cast Al ;CrFeNi, ;Mn,¢Ti, alloys (a) and details shift of the XRD peaks (b)
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BCC phases were marked as BCC1 phase and BCC2 phase
respectively. Therefore, there were FCC phase, BCC1 phase
and BCC2 phase in the as-cast Ti 5 alloy. Although the dif-
fraction peaks of FCC phase were weak when the content of
Ti increased to 1.0, the FCC phase was obtained in the alloy.
In addition, there was only a weak diffraction peak of other
phase rather than the above-mentioned phases when 26 was
47° in the Ti, ; alloy. According to the analysis by compar-
ing with standard PDF card, the phase was supposed to be
Cr3Fe;5NisTi; phase. The diffraction peaks of FCC phase
were not obtained and a weak diffraction peak of BCC1
phase appeared in the as-cast Ti, s alloy, as shown in Fig. 1a.
Therefore, the main phase was BCC2 phase in the alloy.
In addition, it should be noted that a kind of intermetallic
compound, Fe,Ti phase, was also formed besides the above
mentioned solid solution. As the increasing of Ti content,
the as-cast microstructure of Al sCrFeNi, ;Mn, ¢Ti, alloys
changed from FCC phase to FCC phase and BCC phase,
and then to the mixture of BCC phase and Ti-containing
intermetallic compound. Details shift of the XRD peaks
in the as-cast Al, sCrFeNi, ;Mn¢Ti, alloys were shown in
Fig. 1b, which indicated that the lattice constant increased
with the increasing of Ti content due to the fact that the

(111) diffraction peaks in FCC phase and (110) in BCC
phase shifted towards lower angle side gradually.

3.2 Microstructure Analysis

The optical microscope images of as-cast
Al sCrFeNi, ;Mn, ¢Ti, alloys were shown in Fig. 2. It could
be seen that the morphology of Ti, alloy was dendritic,
and with the increasing of Ti the morphology of the alloys
changed from dendritic to equiaxed crystal. Equiaxed grains
were observed in the Ti, s, Ti; ; and Ti; 5 alloys. Moreover,
the grain size increased gradually as the Ti content increased
from 0.5 to 1.5.

The scanning electron microscope images and the
chemical composition in corresponding region of the as-
cast Al sCrFeNi, ;Mn, ¢Ti, alloys were show in Fig. 3 and
Table 2, respectively. Combined with the XRD patterns
(Fig. 1) and the energy spectrum analysis (Table 2), it could
be referred that the region F, was the FCC phase and the
region f, was the BCC1 phase in Ti, alloy as shown in
Fig. 3a. The BCC1 phase was not detected in XRD pattern
due to the content was relatively low. The chrysanthemum-
like microstructure appeared in the Ti, 5 and Ti, ; alloys as

Fig.2 Optical microscope (OM) images of as-cast Al sCrFeNi, ;Mn ¢Ti, alloys. a Ti alloy; b Ti 5 alloy; ¢ Ti, , alloy; d Ti, 5 alloy
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Fig.3 Scanning electron microscope (SEM) images of as-cast Al sCrFeNi, ;Mn,, ¢Ti, alloys. a Ti, alloy; b Ti, 5 alloy; ¢ Ti, ; alloy; d Ti, 5 alloy

Table 2 Chemical composition

I . Alloys Region Structure Al Ti Cr Mn Fe Ni
in different regions of as-cast
Al sCrFeNi, ;Mng sTi, alloys Ti, F, FCC 7.11 - 22.47 11.99 23.47 34.96
Bo BCCl1 20.20 - 7.38 19.23 7.96 45.23
Tip s Fys FCC 3.19 8.39 16.37 13.72 22.68 35.66
Qs BCC2 10.44 13.22 15.24 12.51 14.51 34.01
Bos BCCl1 5.8 8.47 21.86 12.05 18.27 33.55
Ti; o Fio FCC 2.65 18.23 9.71 16.6 17.3 35.36
a'yy BCC2 20.60 18.20 5.29 6.68 7.97 41.27
ag BCC2 19.0 18.62 3.57 6.99 8.88 42.8
Bio BCC1 1.5 11.42 28.60 11.73 20.63 26.29
Ti; 5 as BCC2 17.11 24.80 3.56 5.27 9.16 40.10
Bis BCC1 1.28 25.61 16.50 12.37 22.20 22.04
IC Fe,Ti 9.02 26.66 3.43 7.21 8.21 45.56

illustrated in Figs. 3b, c and 4, moreover, the chrysanthe-
mum-like microstructure had flower core portions in the Ti,
alloy rather than the Ti, 5 alloy. The SEM-EDS maps of the
Ti, o alloy were shown in Fig. 5 and the segregation of ele-
ments was obtained. The elements of Cr and Fe were mainly
segregated in BCC1 phase and the FCC phase was mainly
enriched in Mn and Fe, however, the BCC2 phase was

enriched in Al and Ni. It should be noted that the element of
Ti was mainly segregated in FCC and BCC2 phases, while
the content of Ti was relatively low in the BCC1 phase. As
the increasing of Ti, the chrysanthemum-like microstructure
disappeared in the Ti, 5 alloy. According to the XRD analysis
and energy spectrum analysis, the dark gray region a'; ; was
BCC2 phase, the light gray region f; s was BCC1 phase,
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Fig.5 SEM-EDS maps of AljsCrFeMn¢Ni, ;Ti, , alloy (Ti, , alloy). a SEM; b Al; ¢ Ni; d Ti; e Cr; f Mn; g Fe
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and the black region IC was Fe,Ti intermetallic compound
presented on grain boundary as shown in Fig. 3d.

Figure 4 showed the high magnification SEM images of
chrysanthemum-like microstructure in Ti, 5 and Ti, , alloys.
Combined with energy spectrum analysis and XRD analysis,
it could be found that in the Ti 5 alloy as shown in Fig. 4a,
the region F, 5 was the FCC phase, and the region «a 5 and
region f, 5 constituted the petal, what is more, the region ¢ 5
was the BCC2 phase, the region f, 5 was the BCC1 phase.
In the Ti, , alloy as shown in Fig. 4b, the region F, ; was
the FCC phase, the region a'| , was the flower core portion,
and the region «, ; and the region f3, , constitute the petal,
wherein the regions of a'| ; and a, ; were the BCC2 phase,
and the region f, , was the BCC1 phase.

3.3 Macrohardness and Compression Performance

Macrohardness of the as-cast Al, sCrFeNi, ;Mn, ¢Ti, alloys
was shown in Fig. 6a and the macrohardness increased
gradually as the increasing of Ti. The macrohardness of Ti-
free Al sCrFeNi, ;Mn ¢ alloy was only about 182Hv, while
the macrohardness sharply increased to 526Hv in the Ti 5
alloy. However, the increment rate of macrohardness was
decreased when the content of Ti continued to increase.
The macrohardness of the Ti, , alloy was about 650Hv and
the macrohardness reached to 700Hyv in the Ti, 5 alloy. The
engineering compressive stress—strain curves of the as-
cast Al sCrFeMn, 4Ni, ; Ti, alloy were shown in Fig. 6b,
and Table 3 presented the relevant data of the compression
properties of the alloys. It should be noted that the compres-
sive strain to fracture of the Ti, alloy higher than 15% and
remains unbroken under the experimental condition, indicat-
ing the plasticity was relatively good. The plasticity of the
alloys decreased gradually as the increasing of Ti content.
The compressive strain to fracture of the Ti 5, Ti; ; and Ti, 5
alloys were 5.6%, 1.7% and 0%, and the corresponding com-
pressive maximum stress were 1523 MPa, 1336 MPa and
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Table 3 Summary of engineering compressive maximum stress and
compressive strain to fracture for as-cast Al,sCrFeNi, MngTi,
alloys

Alloys Maximum stress (MPa) Compressive
strain to fracture
(%)

Ti, > 1400 >15

Tiy 5 1523 5.6

Ti, 1336 1.7

Ti; 5 167 ~0

167 MPa, respectively. Ti s alloy exhibited excellent com-
prehensive compression resistance resulted from the good
combination of compressive maximum stress and compres-
sive strain to fracture. The deformation mechanism of Ti;
alloy was mainly dominated by elastic deformation, and only
a small amount of plastic deformation occurred during the
process of fracture. The compressive maximum stress and
compressive strain to fracture of the Ti, ; alloy were lower
than that of Ti; 5 alloy. The compressive maximum stress
and compressive strain to fracture of the Ti, 5 alloy were
extremely low compared with other alloys, indicating the
alloy was brittle.

4 Discussion
4.1 The Effect of Ti on Microstructure

It was widely know that HEAs had many components which
resulted in the tendency to form solid solutions with simple
structures unlike conventional alloys. Basing on the H-R
criterion of traditional alloys and a large number of experi-
mental results, empirical formulas were proposed to describe
the conditions forming stable solid solution and the condi-
tion which structure of the phase tended to form in HEAs
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Fig.6 The macrohardness (a) and the engineering compressive stress—strain curves (b) of as-cast Al, ;CrFeNi, ;Mn, ¢Ti, alloys
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[19-22]. Previous experimental results showed that phase
structure in HEAs was predicted effectively by those empiri-
cal parameters, moreover, the experimental efficiency was
improved greatly [21, 22]. The condition of HEAs could
forming solid solution were as following: mixing entropy
(AS,,;,) greater than 12 J/K mol and less than 17.5 J/K mol,
mixing enthalpy (AH,,;,) greater than or equal to —20 kJ/mol
and less than or equal to 5 kJ/mol, thermodynamic param-
eters 2> 1.1, atomic-size difference (6)<6.6. The valence
electron concentration (VEC) of the alloy system could be
used to predict the condition that the FCC solid solution
or BCC solid solution was tended to form in HEAs. Mixed
microstructure of FCC and BCC phases had a tendency to
form when 6.87 < VEC <8.0. Only simple FCC solid solu-
tion would be obtained when VEC > 8.0, while the BCC
structure formed when VEC <6.87.

AS,,;. and Q of the Al sCrFeNi, ;Mn, ¢Ti, alloys satis-
fied the conditions for forming solid solution, as shown in
Table 4. AH,,,,. and § of the alloys satisfied the conditions for
forming solid solution except for the Ti, 5 alloy. Moreover,
the AH,,;. of Ti, 5 alloy was —21.11 kJ/mol and the ¢ was
6.63 which were close to the critical value, indicating that
the alloy not only had solid solution, but also intermetal-
lic compound. The VEC of the alloys satisfied the range of
6.87 < VEC <8.0 as shown in Table 4, indicating that the
alloys tended to obtain the mixed microstructure of FCC and
BCC solid solutions. It should be noticed that the VEC of
the Ti, 5 alloy was 6.97, which was close to the critical value
of 6.87. The results of prediction illustrated that BCC phase
could exist stably in Ti; 5 alloy rather than the FCC phase.
The predictions of the empirical parameters were basically
in agreement with the experimental results.

According to the above analysis, the addition of Ti ele-
ment promoted the formation of BCC phase. Moreover, the
diffraction peaks of the alloys moved to the left resulted from
the fact that the lattice constant of the alloys increased with
the increasing of Ti due to the large atomic radius of Ti ele-
ment. The diffraction angles that corresponding diffraction
peaks of the BCC2 phase was smaller than that of the BCC1
phase indicated the lattice constant of the BCC2 phase was
higher than that of the BCC1 phase. The change of the grain
morphology of the alloys probably was related to the change

Table 4 Empirical thermodynamic parameters and structural factor
parameters of as-cast Al sCrFeNi, ;Mn, ¢Ti, alloys

Alloy  AH;, (kJmol ™) AS i Q 8 (%) VEC
(K" mol™

Ti, —-10.01 12.42 213 392 7.80

Tiy 5 —15.26 13.78 1.57 5.40 7.47

Ti; g —18.37 14.08 1.34  6.18 7.20

Ti 5 -21.11 14.07 1.18 6.63 6.97

@ Springer

of the region of constitutional supercooling caused by the
addition of Ti element. The generation and extent of the
constitutional supercooling depended on the distribution of
solute mass concentration in the front of liquid—solid inter-
face and the distribution of actual temperature. The effect
of mass fraction, casting temperature gradient and casting
solidification speed on crystal growth was researched widely
[21]. The crystal growth was dominated by the mass fraction
of the alloys when temperature gradient and solidification
rate were constant. Furthermore, the crystal morphologies of
the alloys changed from dendritic crystal to equiaxed crystal
as the mass fraction of solute increased. It could be specu-
lated that the solute concentration in the front of solid—liquid
interface was redistribution with the increasing of Ti con-
tent, causing the change of the constitutional supercooling
region, thus affecting the microstructure of the investigated
alloys.

4.2 The Formation of Chrysanthemum-Like
Microstructure

The microstructure of the Ti, alloy was mainly composed
of FCC phase. Compared with the Ti alloy, the content of
the FCC phase was reduced while the BCC phase appeared
eutectic microstructure consisting of BCC1 phase and BCC2
phase was obtained in Ti 5 alloy. The eutectic microstruc-
ture was also formed after the formation of the proeutectic
BCC?2 phase in the Ti, 4 alloy. Thus, the formation process
of the chrysanthemum-like microstructure could be specu-
lated as follows: The Ti, 5 alloy with the eutectic composi-
tion started to solidify as temperature decreased gradually.
Under the condition of rapid cooling which resulted in the
corresponding non-equilibrium solidification, the eutectic
temperature was achieved firstly, and at the same time chry-
santhemum-like eutectic microstructure appeared radial pat-
tern which was composed of BCC1 phase and BCC2 phase
formed. As the temperature further reduced, an FCC phase
formed which originated from the remaining liquid phase
between the dendritic regions. In the Ti, , alloy, primary
phase (BCC2 phase) was obtained firstly as the decreasing
of temperature. Moreover, the BCC2 phase was located at
the stamen area of the chrysanthemum-like eutectic micro-
structure, as shown in Fig. 3c. With the further decreasing of
temperature, the eutectic microstructure was formed around
the primary phase and then the remaining liquid translated
into the FCC phase. In the Ti, 5 alloy, the BCC2 phase was
dominated. In addition, the eutectic microstructure disap-
peared and a small amount of BCC1 phase was achieved
at grain boundary. It should be speculated that the disap-
pearance of the eutectic microstructure might be related
to divorced eutectic. The Ti, 5 alloy was supposed to be a
hypereutectic alloy and there was a large number of BCC2
phase while the content of eutectic microstructure was less.
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Furthermore, the characteristics of the eutectic structure
presented chrysanthemum-like disappeared due to the fact
that the BCC2 phase formed in the eutectic microstructure
was attached to the primary BCC2 phase while a few BCC1
phase solidified finally at the grain boundary. In addition, the
increased Ti content was out of the solid solubility resulted
in the formation of Ti-containing intermetallic compound.

4.3 The Effect of Ti on Macrohardness
and Compression Performance

The macrohardness of the Ti, alloy was relatively low
because the FCC phase was dominated while only a small
amount of BCC1 phase existed in this alloy. With the
increasing of Ti content, the macrohardness of the alloys
increased greatly which was associated with that BCC phase
was dominated gradually and the content of FCC phase was
decreased. Fe,Ti intermetallic compound with great brittle
and hardness appeared in the Ti, 5 alloy leaded to the further
increasing in the macrohardness of the alloys. In addition,
solid solution strengthening effect was enhanced due to the
large lattice distortion resulted from the large difference of
atomic radius between Ti and other elements in the alloys.
Generally, VEC was employed to determine which kinds
of solid solutions could form in HEAs [23]. Besides, it was
reported that intrinsically ductile refractory HEAs could be
designed by manipulating VEC through controlled alloying
[24]. The critical strain for the shear instability and the corre-
sponding intrinsic failure mode of the alloys could be tuned
due to the fact to some extent that alloying additions shifted
the Fermi level [25]. According to the theoretical analysis
and available experimental results, it had been proved that
the decreasing of VEC was benefited to the improvement
of the ductility of the refractory alloys [22, 24]. Guo et al.
[24]. found that all the ductile refractory HEAs had a value
of VEC less than 4.4, while all the brittle HEAs had a value
of VEC more than 4.6 based on the database of Hf/Mo-con-
taining HEAs. Similar phenomenon was also obtained in the
Nb-containing HEAs [26, 27]. With the decreasing of VEC

from 5.21 in NbTaVW alloy to 4.72 in NbTaTiVW alloy,
the ductility of the NbTaTiVW alloy increased sharply com-
pared that of NbTaVW alloy. However, it should be noticed
that only single-phase BCC solid solution was formed in
the above mentioned Hf/Mo/Nb-containing HEAs. In this
investigation, there were mixed microstructure. Moreover,
the constituent phases of the microstructures changed from
(FCC +BCC1) phases to (BCC1 + BCC2 + intermetallic
compound) phases with the increasing of Ti content from Ti
alloy to Ti, 5 alloy. Ti-containing intermetallic compounds
were even obtained in the Ti, , and Ti, 5 alloy. Qi and Chrzan
pointed out that there were two aspects about alloy’s ductil-
ity that should be considered during alloy design [25]. One
was so-called extrinsic features of the alloy, for example,
grain size and precipitate distribution, etc. The other was
the intrinsic ductility of its perfect crystal. The ductility of
the investigated HEAS in this paper did not improve with the
decreasing of VEC which seemed that there was a contradic-
tion with the previous researches; however, more attentions
should be paid on the mixed microstructure and the forma-
tion of Ti-containing intermetallic compounds. From those
perspectives, it could be deduced that the extrinsic features
played more important roles on the ductility rather than the
intrinsic ductility in this investigation.

Figure 7 showed the fracture morphologies of Ti 5, Ti;
and Ti, 5 alloys, and the Ti, alloy did not parted. It could be
seen from Fig. 7a that tearing ridges were observed in the
fracture surface of the Ti 5 alloy, indicating the alloy had a
certain degree of plasticity. The cleavage steps and the river
patterns formed by the tearing process of the cleavage steps
could be observed at the fracture surface of Ti, , alloy, and
the fracture surface was relatively flat, indicating cleavage
brittle fracture was dominated in the Ti, , alloy as shown
in Fig. 7b. The cleavage steps could be also observed at
the fracture surface of Ti, 5 alloy shown in Fig. 7c, and its
fracture surface was flatter than that of Ti, , alloy, indicating
the plasticity of the Ti, 5 alloy was worse than that of Ti,
alloy. It could be confirmed from the fracture morphologies
that the Ti, 5 alloy had the best plasticity while the Ti, 5 alloy

Fig.7 Fracture surface morphologies of the Tiy 5 alloy (a), Ti, , alloy (b) and Ti, 5 alloy (c)
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had the highest brittleness which was consistent with the
compression curve. The compressive strength of the alloys
was increased and the compression ratio was reduced by the
addition of an appropriate amount of Ti element. On the one
hand, the addition of Ti atoms as the solute atoms imposed
the pinning effect to the dislocations and also hindered the
movement of dislocations. Moreover, the larger lattice dis-
tortion caused by the large difference of atomic radius mak-
ing the dislocation difficult to move, thereby increasing the
compressive strength and reducing the plasticity. On the
other hand, a large amount of BCC phase was formed in the
alloys with the increasing of Ti content, whereas, the plas-
tic deformation ability of BCC phase was worse than that
of the FCC phase. In addition, Ti-containing intermetallic
compound was distributed on the grain boundary in the Ti, 5
alloy, aggravating the local stress concentration during the
process of brittle deformation which promoted the produc-
tion and growth of the cracks. Finally, a large number of
cleavage steps were formed on the fracture surface of the
Ti; s sample.

5 Conclusions

1. The predictions of the empirical parameters were basi-
cally in agreement with the experimental results in the
investigated Al sCrFeMn, ¢Ni, ;Ti, alloys. The pre-
dicted parameters of the Ti, 5 alloy were near the criti-
cal values indicating the alloy had a obvious tendency
to form intermetallic compound, which was consistent
with the experimental results.

2. The addition of Ti elements promoted the formation of
BCC phase in Al sCrFeMn, gNi, ; Ti, alloys. In addition
to the BCC1 phase and BCC2 phase, Fe,Ti intermetallic
compound was even obtained in Ti, 5 alloy. Moreover,
chrysanthemum-like eutectic microstructure appeared in
the Ti, 5 and Ti, ; alloys. The flower core was composed
of BCC2 phase and eutectic microstructure was achieved
in the petal which contained BCC1 phase and BCC2
phase. In the Ti, 5 alloy, the eutectic microstructure dis-
appeared because of the appearance of divorced eutectic.

3. The macrohardness increased with the increasing of Ti
content, while the compressive maximum stress and the
plasticity of the broken Al, sCrFeMn, ¢Ni, ;Ti, alloys
decreased with the increasing of Ti content. The Ti, 5
alloy had the best combination of plasticity and com-
pressive strength, and its compressive maximum stress
was reached to 1523 MPa and the compressive strain to
fracture was about 5.6%.
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