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Abstract: (Fe,,Ga

57 AL ) T, (x=0, 1, 2, 3, 4, 5) alloys were prepared by vacuum arc furnace to investigate the effect of Al addition

on the microstructure, magnetic properties, and mechanical properties of alloys. Results show that the phase structure of the alloys is
still A2 phase and Tb,Fe , phase, and the metallographic structure is composed of cellular crystal and columnar dendrite. The decrease
in lattice constant, the intensification of (100) orientation, and the generation of Tb,Fe , phase at the grain boundary exert significant
effect on the magnetostrictive properties. The fracture morphology of the alloys is intergranular brittle fracture and cleavage fracture,
and the causes of fracture occurrence include the segregation of Tb and Al elements. The parallel magnetostrictive strain (4,) of
(Fe,,Ga,,Al,),, T, alloy peaks at 1.04x107. It is worth noting that compared with those of (Fe,,Ga,,)y Tb,, alloy, the 4, and
elongation of (Fe,;Ga,Al,),, , Tb,, alloy increase by 18.3% and 53.4%, respectively. Besides, (Fe,;Ga, Al)),, ;Tb, alloy possesses the
characteristics of high saturation magnetization (M), low remanent magnetization (), and coercivity (/)), which is beneficial to
reduce the cost in actual production, but its tensile strength and Vickers hardness decrease to a certain extent. Therefore, the
investigation on the micro-mechanism of Al addition on Fe-Ga alloys is of great significance for the development of Fe-Ga alloy

devices.
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Magnetostrictive material is one of the functional metal
materials with high application value and wide application
range. By mutually converting electromagnetic energy, sound
energy, and mechanical energy, the devices, such as brakes,
micro-motors, high-power ultrasonic transducers, sensors,
micro-displacement actuators, and hydroacoustic transducers,
can be manufactured, which are widely applied in military and
civilian fields'"?. The most extensively studied alloy systems
are Tb-Dy-Fe series, whose magnetostrictive strain can reach
1500x107°~2000x107°®*, but the brittleness, poor mechanical
properties, and high cost of Tb and Dy seriously restrict their
production. The saturation magnetostrictive strain (1) of Fe-
Ga monocrystalline alloys along the easy magnetization
direction can achieve 4.00x10™*", but the high cost, small
size, and complex preparation process of single-crystal Fe-Ga
alloy restrict its application. Thus, the polycrystalline Fe-Ga
materials have been widely researched”. Polycrystalline Fe-
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Ga alloys have high tensile strength, good machinability, but
low saturation magnetostrictive strain. It is shown that doping
elements in Fe-Ga alloys can notably affect the magnetic
properties and mechanical properties.

The Al element with low cost as well as atomic radius and
properties similar to those of Ga element attracts extensive
attention as doping element into the Fe-Ga alloys.
Mungsantisuk et al™ argued that the magnetostrictive
properties of the alloys did not prominently reduce by adding
appropriate Al. Srisukhumbowornchai et al”’ found that the
magnetostriction strain of Fe,Ga, Al alloy reached 2.34x10™.
Zhou et al"*" prepared Fe,Ga,Al, alloy and found that its
saturation magnetostrictive strain was 8.8x10” and the
magnetostrictive strain increased to 1.14x10™ after magnetic
field heat treatment. Li et al™ found that the saturation
magnetostrictive strain of Fe,,Ga,,  Al, ; alloy peaked at 2.47x
10™. Moreover, Al can improve the elongation and ductility of

Foundation item: Inner Mongolia Autonomous Region Science and Technology Plan Project (2020GG0284)
Corresponding author: Gong Pei, Ph. D., Professor, School of Materials Science and Engineering, Inner Mongolia University of Technology, Hohhot 010051, P. R.

China, E-mail: gongpeil23@163.com

Copyright © 2024, Northwest Institute for Nonferrous Metal Research. Published by Science Press. All rights reserved.



Du Jinchao et al. / Rare Metal Materials and Engineering, 2024, 53(8):2144-2151 2145

Fe-Ga alloys"”. Liu et al™ prepared the rod-like Fe,,Ga,, Al
(x=0, 4.5, 6, 9, 12, 13.5) alloys by directional solidification
method and reported that when the Al content was 4.5at%, the
tensile strength and elongation of the alloys reached 492 MPa
and 11.4%, respectively, which were higher than those of
Fe,,Ga,, alloy. Nolting et al"? demonstrated that the addition
of Cr, Al, and V elements could improve the elongation and
tensile strength of Fe-Ga alloys, and the fracture mode of the
alloys was transformed from intergranular fracture to
transgranular fracture.

Tb, as one of heavy rare earth elements, has high effective
magnetic moment, unique 4f electronic structure, and strong
magnetic crystal anisotropy"'®'”. The doping of 0.2at% Tb in
Fe-Ga alloys can markedly ameliorate the properties. Zhang et
al®™ prepared Fe, Ga,,Tb, (x=0, 0.2, 0.4, 0.6) thin belt by fast
hardening and melt-spinning method. The report demonstrated
that Tb element was enriched at the grain boundaries and the
magnetostrictive strain of Fe,Ga,,Tb,, alloy peaked at
-1.320x107. According to Ref.[21—24], the tensile strength
and elongation of (FeyGa,,),Tb,, alloy reached 595 MPa
and 3.5%, respectively, which were significantly higher than
those of the undoped alloys. The fracture mode of the alloys
changed from intergranular fracture to transgranular fracture
and finally to interphase fracture. The dispersed Tb-rich phase
greatly increased the dislocation density.

Therefore, (Fe,;Ga,,),Tb,, alloy was used as matrix in this
research and Al element was added to prepare (Fe,,Ga,, Al ),, -
Tb,, (x=0, 1, 2, 3, 4, 5) alloys. The effect of Al addition on
microstructure, magnetic properties, and mechanical proper-
ties of the alloys was investigated.

1 Experiment

Fe, Ga, Al, and Tb metal elements with purity greater than
99.95% were selected as raw materials. Ingredients were
designed and calculated based on the composition of
(Fe,;Ga,, Al ), ,Tb,, alloys. The total mass of each sample
was 80 g.

At the beginning, the weighed samples were placed into a
water-cooled copper crucible in a non-consumable vacuum
arc furnace. Subsequently, the mechanical pump and pre-
extraction valve were turned on to control the air pressure
below 5 Pa. Then, the forward valve, gate valve, and high
vacuum molecular pump were sequentially switched on to
control the air pressure under 5x107 Pa. Next, the high
vacuum molecular pump, gate valve, forward valve, and
mechanical pump was switched off in sequence and the
furnace was filled with high-purity argon gas three times.
After the melting process, the ingot was flipped and the
melting was repeated three times to ensure uniform alloy
composition and good morphology, therefore reducing the
structural defects, such as porosity and shrinkage. When the
ingot was cooled in a water-cooled copper crucible,
undercooling occurred in the longitudinal direction, and the
grains grew along this direction. The preferred orientation of
the grains significantly exerted the impact on the
magnetostrictive performance of the alloys. In consequence,

the sample were obtained by cutting along the longitudinal
direction. The sampling position of alloys is shown in Fig. 1.
In this research, scanning electron microscope (SEM), energy
dispersive spectrometer (EDS), and X-ray diffractometer
(XRD) were used for analysis.

2 Results and Discussion

2.1 XRD analysis

Fig.2 shows XRD patterns of (Fe,,Ga,, Al ), Tb,, alloys
and Table 1 displays XRD analysis results of 26 of (100) peak
(26,,), lattice constant a, and /I, , ratio. As shown in Fig.2,
the characteristic diffraction peaks of the alloys with Al
addition are composed of (110), (200), and (211) diffraction
peaks, which indicates that the phase structure of the alloys is
dominated by the A2 phase. Since the atomic radius of Tb
(0.251 nm) is much larger than that of Fe (0.126 nm) and Ga
(0.140 nm), Tb can hardly dissolve in the Fe-Ga solid
solution. Based on EDS analysis results, Tb is mainly
gathered at the grain boundaries and Tb,Fe,, phase is formed.
However, the diffraction peak of Tb,Fe, phase cannot be
detected, which may be due to the low content of this phase.

According to Table 1, the 20 position of (110) peak of the
alloys is fluctuant, which is attributed to the lattice distortion
caused by mutual substitution of different elements in the
alloys, thus resulting in diffraction peak shifting. Moreover,
the lattice constant a of the alloys also fluctuates, whereas the
L/I,,, ratio exhibits converse tendency. The transmutation in
lattice constant of the alloys is primarily pertinent to the
substitution of Ga atoms in the lattice after the addition of Al
atoms. An augmentation in the lattice constant of the alloys
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Fig.1 Schematic diagram of sampling position of alloys
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Fig2 XRD patterns of (Fe,,Ga,, Al), Tb, (x=0, 1, 2, 3, 4, 5)
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Table 1 XRD analysis results of (Fe,,Ga

27-x

Al),, ,Th,, (x=0, 1, 2, 3, 4, 5) alloys

x 0 1 2 3 4 5
20,,/°) 44.03 4420 44.17 44.25 44.08 44.08

a/nm 0.290 55 0.289 94 0.290 76 0.288 88 0.291 37 0.291 38
LI, 1ati0/% 3.0 45 10.0 86.6 8.6 10.6

indicates the decrease in lattice gap and vacancies in the alloy
crystal. According to Ref. [25], vacancies can reduce the
electron density in the surrounding area and improve the
physical
magnetostrictive properties of the alloys. The lattice constant

environment around Fe, hence enhancing the
of the alloys tends to increase, because the Al atomic radius
is greater than the Ga atomic radius. When x=3, the lattice
constant reaches the minimum value of 0.288 88 nm; the
L /1, ratio peaks at 86.6%, manifesting that (100) orientation
in the alloys is enhanced, i.e., appropriate Al addition inten-
sifies the (100) orientation. When the easy magnetization
direction of Fe-Ga alloys is (100) direction, large magneto-
striction can be achieved after the addition of Tb element.

2.2 Metallographic structure

Fig.3 presents the metallographic structures of (Fe,,Ga,, -
Al )y, Th,, alloys. It can be seen that the alloys are mainly
composed of cellular crystals and columnar dendrites. During
the forced growth process of crystals, the interface is unstable,
and the convex peaks and concave valley appear at the
interface, resulting in the formation of cellular grains. The
growth rate of the concave valley is slow, which is attributed
to the accumulation of excess solute, thus inhibiting the
growth process. The appearance of concave valley also
triggers the additional protrusions in adjacent areas, which
ultimately forms cellular structure through repeated processes.
The development of columnar dendrite results from the
enlargement of component supercooling zone, and the local

bulge formed by the interface disturbance has larger extension
in the solution. New component supercooling occurs, which
destroys the stability of the original cellular crystal interface,
the crystal the
crystallography orientation with the fastest growth rate. At the

changing growth direction towards
same time, the cross section of the cellular crystal also shows
lateral bulges, leading to the transformation from cellular
crystal into columnar dendrites.

The grain structures in Fig. 3a and 3f mainly present
irregular cellular shapes, whereas the grain structures in
Fig. 3b and 3c are mainly composed of irregular cellular
crystals and a small number of columnar dendrites. Fig.3d
shows columnar dendrites, and the grain structure in Fig.3e is
composed of hexagonal cellular crystals. According to the
liquid metal B with
formation of dendrites, the liquid flow is less required during
the final shrinkage stage of the solidification process,
generating shrinkage porosity and porosity defects, which
leads to the descent in the mechanical properties of alloys.
This is consistent with the variation of hardness.

2.3 SEM and EDS analysis

Fig.4 shows SEM images and EDS spectra of (Fe,,Ga,, -
Al )y T, , alloys. Table 2 shows EDS point analysis results of
(Fe,,Ga,,_Al ), Tb,, alloys. As shown in Fig.4, Tb element is
enriched at the grain boundary, because the atom radius of Tb
element is much larger than that of Fe and Ga elements and
the Tb solubility in Fe-Ga solid solution remains low. In

forming mechanism the gradual

Fig.3

Metallographic structures of (Fe,,Ga,, Al )y, Tb , alloys: (a) x=0; (b) x=1; (c) x=2; (d) x=3; (e) x=4; (f) x=5



Du Jinchao et al. / Rare Metal Materials and Engineering, 2024, 53(8):2144-2151 2147

25 um

q

)i
b i

- [
100spm

Intensity/a.u.

Energy/keV

Energy/keV

Energy/keV

Fig.4 SEM images of Fe,,Ga,,  Al),, Tb, alloys with x=0 (a), x=2 (b), and x=3 (c); EDS spectra of point D (d), point E (e), and point F (f) in

Fig.4a—4c

Ref. [27], when Tb element gathers at the grain boundaries,
diverse compounds with Fe atoms, such as TbFe, TbFe,,
Tb,Fe,,, and Tb[Fe,,, may be generated, which significantly
ameliorates the magnetostriction properties of the alloys.

According to EDS analysis results of point E and F in Table
2, the content ratios of Tb to Fe is 1: 8.67 and 1: 8.38,
respectively, which are extremely close to the atom ratio of Tb
and Fe in Tb,Fe, compound. Based on the abovementioned
results, it can be inferred that Tb,Fe,, phase, whose saturation
magnetostrictive strain is more than 2.00x107, is precipitated
at the grain boundaries of (Fe,,Ga,,Al),Tb,, alloy, which
thereby increases the magnetostriction coefficient of the
alloys. In addition, EDS analysis results of point D show that
the Al content is relatively high, and it is far above the Al
content in the nominal composition. The enrichment of Al
element reinforces the pinning effect of the alloys, seriously
impeding the magnetic domain rotation and thereby reducing
the magnetostriction performance of the alloys.
2.4 Magnetostrictive properties

Fig.5 presents the relationships of parallel magnetostriction
coefficients (1) of (Fe,;Ga,, Al),,Tb,, alloys with magnetic
field (H) and Al content. As shown in Fig. 5a, the external
magnetic field required for the 4, saturation after Tb addition

Table 2 EDS analysis results of marked points in Fig.4 (at%)

Point Fe Ga Al Tb
A 50.38 43.24 0.00 6.38
B 50.37 43.19 0.00 6.44
C 54.91 36.53 0.00 8.56
D 68.93 17.57 13.50 0.00
E 53.28 40.57 0.00 6.15
F 53.46 40.16 0.00 6.38
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Fig.5 Relationships of parallel magnetostriction coefficients of
(Fe,,Ga,,_Al),, ,Tb,, alloys with magnetic field (a) and Al
content (b)

is in the range of 103 480—135 320 A-m™". When the parallel
magnetostrictive coefficient of the alloys reaches saturation,
the required magnetic field becomes large with the increase in
Al addition amount. Fig. 5b shows that the 1, value of
(Fe,,Ga,, Al ), Tb,, alloys varies between 6.2x10° and
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1.04x10™. Compared with that of alloy without Al addition, 1,
value of the alloy with lat% Al increases slightly. The
decrease in lattice constant and the intensity enhancement of
orientation [100] are conducive to the magnetostrictive
properties of (Fe,;Ga,, Al ), Tb,, alloys. When Al content
increases from lat% to 2at% , the 1, value of the alloy
decreases because Al element exists in the precipitate phase,
which exerts pinning effect on the magnetic domains,
therefore reducing the magnetoelastic property of the alloys®”.
The 4, value of alloy with 3at% Al reaches the maximum
value of 1.04x107*, which is related to the minimum lattice
constant and the strongest intensity of orientation [100].
Tb,Fe,, phase is beneficial to the
magnetostrictive properties, and it is produced at the grain

improvement of

boundary of the alloys. The 4, value is decreased significantly
when the Al content increases from 3at% to 5at%. Because the
solid solution capacity of Fe and Al elements is more
diminutive than that of Al and Ga elements, Al element
destroys the Ga-Ga atomic pairs™®. Clark et al*” proposed that
the Ga-Ga atomic pair was important for the large
magnetostrictive properties of Fe-Ga alloys. Compared with
that of (Fe,Ga,,),Tb,, alloy, the 4, value of (Fe,Ga,, -
Al ). TIb,, alloys with x=1 and 3 increases by 18.3% and
46.5%, respectively.

2.5 Hysteresis loop analysis

Fig. 6a shows the hysteresis loop diagram of (Fe,,Ga,, -
Al)y, Thb,, alloys. Fig. 6b presents the results of saturation
magnetization (M), remanent magnetization (M), and
coercivity (H,) of the (Fe,,Ga,, Al),, Tb,, alloys. According
to Fig.6a, the magnetization of all samples basically reaches
the saturation state when the applied magnetic field
approaches 1 T.

Fig. 6b shows that M, of (Fe,Ga,, Al),;Tb,, alloys
fluctuates around 109.1£21.6 A-m>kg'. The M, and H, values
of (Fe,,Ga,, Al),Tb,, alloys change slightly around 0.3+0.9
A-m’kg ' and (8.142.36)x10* T, respectively, and they both
show the variation trend of decreasing, then increasing, and
finally decreasing with the increase in Al content. However,
M, presents opposite variation trend. It is known that the
materials with high M, and low M, values are able to save
resources in the actual production, which is conducive to the
development of products with light, thin, and short design and
quick response to the inversion of the external magnetic
field®. For soft magnetic materials, the lower H, value
indicates that they are susceptible to magnetization by
external magnetic fields and are easily demagnetized by
external magnetic fields or other elements, which reduces the
hysteresis loss and magnetization power of materials and is
beneficial to the practical application. According to the above
analysis, the (Fe,,Ga,,Al,),,Tb,, alloy possesses high M, low
M, and low H,, so it is more suitable for extensive production
and application.

2.6 Room temperature stretching experiment

Fig.7 shows the tensile strength and elongation results of
(Fe,,Ga,, Al ), Tb,, alloys. As shown in Fig.7a, the highest
tensile strength of the alloys reaches 322.8 MPa at x=0. With
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the augmentation of Al atoms, the tensile strength of the alloys
is decreased firstly, then increased, and decreased finally.
Compared with that of Fe,,Ga,, alloy, the tensile strength
decreases after doping Tb element into the alloys. This is
because the atomic radius of Tb is larger than that of Fe and
Ga atoms and Tb element is enriched at the grain boundary,
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thus increasing the tendency of grain boundary cracking.
Fig.7b shows that the elongation of (Fe,;Ga,Al, ), Tb,, alloy
is greater than that of (Fe,,Ga,,),,Ib,, alloy, suggesting that
the addition of appropriate amount of Al element has a certain
degree of improvement in plasticity. Compared with that of
(Fe,;Ga,,)y0Th,, alloy, the elongation of (Fe,,Ga,Al ), Tb,,
alloy increases by 53.4%.

2.7 Fracture morphology analysis

Fig.8 shows the fracture morphologies of (Fe,,Ga,, Al )y,
Tb,, alloys. Point A and B in Fig.8a are located at the white
dots in the grain of (Fe,Ga,,),Tb,, alloy and point C
represents the white dot at the grain boundaries. EDS point
analysis results are shown in Table 3. The Tb content is much
higher in the grains and at the grain boundaries, compared
with that in the matrix, proving that Tb element is segregated
at grain boundaries or within the grains. Additionally, element
segregation increases the fracture tendency along grain
boundaries, so Tb element segregation is the principal reason
for the fracture of (Fe,,Ga,,),,Ib,, alloy. EDS analysis results
of point D in Fig.8b suggest that at the grain boundary of the
(Fe,;Ga,(Al),, T, alloy, the relative content of Al element is
more than that in the nominal composition, indicating the Al
segregation at the grain boundary, which dominates the alloy
fracture. The fracture type of (Fe,GayAl), Tb,,alloy is
cleavage fracture. Apparent cleavage steps are usually
composed of a sequence of diminutive fracture surfaces,
which can be observed in Fig. 8h. The diminutive fracture
surfaces at microlevel are usually represented by cleavage
surfaces. For example, in a body-centered cubic (bcc) lattice
of metals, the cleavage surfaces are mainly (001) crystal
planes. Combined with XRD
crystallography structure of (Fe,Ga,,AlL),,Tb,, alloy is

analysis results, the

pei’ 10

determined as a-Fe with bee crystal structure, thus inferring
that the cleavage plane of this group is primarily the (001)
crystal plane. At point E, namely at the grain boundary, the Al
element content is close to that in nominal composition. Based
on the analysis results of point F, the Al element exsolution
occurs at the cleavage step, primarily causing the cleavage
fracture. The point G—1I are located at the white dots on the
fracture surface of the (Fe,,Ga,Al,),Tb,, alloy. Their
analysis results show that the Tb element content at point G
and H is greater than that in the matrix phase, and the Al
element content at point I is more than that in the matrix
phase, indicating that the fracture is mainly caused by the
segregation of Al and Tb elements.

The point J and K correspond to the white dots at the grain
boundary and in the entire grain, respectively; the point L is
located at the grain boundary. It can be seen that the relative
content of Al element is larger than that in the matrix phase,
indicating that the fracture of (Fe,,Ga,Al),Tb,, alloy is
caused by the segregation of Al element at different positions.
The point M and O are located at the white dots within the
grain of (Fe ,Ga,,Al,),,;Tb,, alloy and the N point is located at
the grain boundaries. It is demonstrated that the Tb element
content at the M and O points is higher than that in the matrix,
and the Al element content at the point O exceeds that in the
matrix, implying that the fracture of (Fe,,Ga,,Al),,Tb,, alloy
results from the Al segregation at the grain boundaries and the
Tb segregation at grain boundaries or within grains.

In conclusion, the addition of Tb element increases the
crack tendency of the alloys. The fracture mechanisms of
(Fe,,Ga,, Al )y Tby,
segregation of Al element and Tb element, the segregation of
multiple elements at different positions, and Al element

alloys include the single element

20 pm

Fig.8 Fracture morphologies of (Fe,,Ga,, Al ), . Tb, alloys: (a) x=0; (b) x=1; (c—d, h) x=2; (e) x=3; (f) x=4; (g) x=5
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Table 3 EDS analysis results of marked points at fracture region

of (Fe ,Ga,, Al),,/Th,, alloys in Fig.8 (at%)

Point Fe Ga Al Tb
A 63.45 26.54 0.00 10.01
B 65.93 23.71 0.00 10.36
C 64.25 33.21 0.00 2.54
D 65.71 31.18 3.11 0.00
E 79.02 19.06 1.92 0.00
F 0.00 0.00 100.00 0.00
G 50.86 40.58 2.27 6.29
H 47.31 41.71 4.08 6.90
I 33.35 7.80 58.85 0.00
J 57.22 20.58 22.20 0.00
K 62.74 21.61 15.65 0.00
L 55.71 25.33 18.96 0.00
M 47.60 38.86 7.11 6.43
N 68.87 23.92 7.21 0.00
o 49.14 38.53 5.96 6.37

exsolution.

2.8 Vickers hardness

Fig. 9 presents the Vickers hardness of the (Fe,,Ga,, -
Al )gIb,, (x=0, 1, 2, 3, 4, 5) alloys. The hardness is
gradually decreased with the increase in Al content from 0at%
to 3at% . Besides, the number of irregular cellular crystals
reduces and they are gradually transformed into columnar
dendrites. In Ref. [31], because of the presence of dendritic
crystals, the liquid flow during the final shrinkage process of
the alloys in the solidification stage is insufficient, defects,
such as shrinkage pores and shrinkage cavities, are formed,
thus degrading the mechanical properties of the alloys. The
hardness decreases in this stage, which may be influenced by
the columnar dendritic crystals. The maximum Vickers
hardness of 3331.80 MPa can be obtained at x=4, which is
attributed to the evolution of small hexagonal cellular crystal
structures. The Vickers hardness of (Fe,,Ga,,Al,),, Tb,, alloy
(3331.80 MPa) increases by 8.2%, compared with that of
(Fe,;Ga,,)gsTh,, alloy. Furthermore, when x=1, 2, 3, 5, the
hardness values of (Fe,Ga,,_Al), Tb,, alloys are all lower
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Fig.9 Vickers hardness of (Fe,,Ga
alloys

Alx)99.XTb0,2 (x:()’ 1’ 2’ 3> 4> 5)

27-x

than that with x=4. This may be related to the enrichment of
Tb element at the grain boundaries, which commonly leads to
the degradation of mechanical properties of the alloys.

3 Conclusions

1) The addition of Al element does not change the phase
structure of (Fe,,Ga,,),,Tb,, alloy and (Fe,,Ga,, Al ), Tb,,
alloy is still composed of A2 phase and Tb,Fe,, phase. The
grain shape of the alloys preeminently affects the hardness of
(Fe,,Ga,,_ Al ), Tb,, alloys, and the alloys are mainly
composed of cellular crystals and columnar dendrites.

2) Compared with that of (Fe,,Ga,,),Tb,, alloy, the 1,
value of (Fe,,Ga,, Al ), Ib,, alloys with x=1 and 3 increases
by 18.3% and 46.5%, respectively, which is mainly related to
the decrease in lattice constant, the enhancement of (100)
orientation intensity, and the formation of Tb,Fe, phase.
(Fe,;Ga,Al))y, T, alloy has the characteristics of high M,
low M, and low H, which can save resources in actual
manufacture and reduce production cost.

3) At room temperature, the tensile strength of (Fe,,Ga,,)y, -
Tb,, alloy can reach 322.8 MPa, and it decreases after adding
Al element. Compared with that of (Fe,,Ga,,),,,Tb,, alloy, the
elongation of (Fe,,Ga, Al ), Tb,, alloy increases by 53.4%.
The fracture mechanisms for (Fe,,Ga,, Al ), Tb,, alloys
include intergranular brittle fracture and cleavage fracture,
which results from the segregation of Ga, Tb, and Fe
elements. At x=4, the Vickers hardness of the alloys achieves
3331.80 MPa, which increases by 8.2% compared with that of
(Fe;;Gay,)y T, , alloy.
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Al TTRRINXT (Fe,,Ga,,)o Th,, & EIRMEEH . FLIERER J1Z M4 RERIFZMN

g2, R, R, KEST, 3Ol
(1. WEl TR MERSE S TREZPE, WS WAV 010051)
(2. BRI T PE DhBe MR LR, B3 100081)

B B @A I % (Fe,Ga,, Al ), Tby, (=0, 1, 2, 3, 4, 5) &%, W AURINX & MBS Tk RERN )3 E RE R
. SRR, GaMHAMTN A2 FRITo,Fe A0, H AL d MR SRR L @R . A0 S ERE. (100)HLR
PR 5 LA SRAL I T, Fe AR AN A ML AR A S35 ROW o 2 4 (0T 0T 35000 o M M R R A BT 28, 7= A I 284 1) R TR L Tb i AL
TERMHT - (Fe,,Gay, ALy Tb, , & 5 [FFATHEE M 4R R AE (1) s 2] 1.04x107 AT ML, ML T (Fe,,Ga,,)g Thy, & 42 5
(Fe,,Ga, Al )y Tb, 42104 325 T 18.3%, (HHKFIER T 53.4%, I H(Fe,,GayAl )y Tb,, & & HE B MARAL IR (M) KRR
BRI (M) S (H) SEFRE, FESEPRA ol LR AR AR P A, (& e MST R o A4k [REEEA P R Fe . Bk, BTt Al
FIRINXT Fe-Ga & G IO LBERT IT & Fe-Ga & < 4 H A 2 L.

XKHER: (Fe,,Gay,),, Tb,, Aé: AlBIR: BN HilERE: J1°#1ERE
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