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Abstract: Several experiments have shown that adding a fractional amount of Al can increase the elongation of the alloys and don’t
reduce the magnetostrictive strain of Fe-Ga alloys significantly. Furthermore, as the price of Al is lower than that of Ga, using Al to
replace part of Ga in the (Fe73Gaz;7)99sThg2 alloy saves production costs as well. The (Fe73Gaz7xAly)gesTbo2(x=0,1,2,3,4,5) alloys
were prepared by vacuum arc furnace to study effect of Al addition on the microstructure, magnetic properties and mechanical
properties of. The 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 of lattice constant, the increase of (100) orientation and
the generation of Tb,Fe,; at the grain boundary exert salient effect on the magnetostrictive properties. The fracture morphology of
the alloys is intergranular brittle fracture and cleavage fracture, the causes of fracture including the segregation of Tb and Al
elements. The parallel magnetostrictive strain (A,) of (Fe73GazsAls)eg sTby» alloy reaches 104 x 107, It is worth noting that compared
with (Fe73Gaz7)99sTho 2 alloy, the A and elongation of (Fes;3GaysAl))egsTby, alloy increase by 18.3% and 53.4% particularly, while it
also possesses the characteristics of high saturation magnetization (Ms), low remanent magnetization (Mr) and coercivity (Hc), thus

cutting the cost in actual production. Therefore, it is important to study the micro-mechanism of Al addition on Fe-Ga alloys for the

development of Fe-Ga alloys devices.
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Magnetostrictive materials are one of metal functional ma-
terials with high application value and wide application range.
By converting electromagnetic energy, sound energy and me-
chanical energy mutually, devices such as brakes, mi-
cro-motors, high-power ultrasonic transducers, sensors, mi-
cro-displacement actuators, and hydroacoustic transducers can
be manufactured, widely applying in military and civilian
fields'” *. The alloy systems most extensively studied are
Tb-Dy-Fe alloys whose magnetostrictive strain can reach
1500~2000 %104 but in view of its brittleness of the mate-
rial, poor mechanical properties and high prices of Tb and Dy
elements, it is limited to laboratory research and military
fields. The saturation magnetostrictive strain (As) of Fe-Ga
monocrystalline alloys along the easy magnetization direction
can attain 400 x10° % but the high cost, small size and com-

plex preparation process of single-crystal Fe-Ga alloy confine
its application scope, whereupon many material scholars have
turned their research to polycrystalline Fe-Ga materials'”.
Polycrystalline Fe-Ga alloys have the advantages of high ten-
sile strength and good machinability while it exists the prob-
lem of low saturation magnetostrictive strain. Abounding
studies have shown that doping other elements in Fe-Ga alloys
notably affects the magnetic properties and mechanical prop-
erties of the alloys.

Al element, with feature of low price, whose atomic radius
approaches to Ga element and they belong to the same main
group thus owning similar properties, has drawn extensive at-
tention of researchers. Mungsantisuk® argued that the mag-
netostrictive properties of the alloys didn’t prominently lower
by adding appropriate Al element. Srisukhumbowornchai N*)
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found that the magnetostriction strain of Feg,Ga;sAls alloy
could measure up to 234 x10°. Zhou Yan''” ' prepared
Feg,GagAly alloy whose saturation magnetostrictive strain
crested 88 x10° and the magnetostrictive strain increased to
114 <107 after magnetic field heat treatment. Liu Mingming!'?!
discovered that the saturation magnetostrictive strain of
Feg,Ga 3 5Aly5 peaked 247 x10. Moreover, relevant studies
have shown that Al can augment the elongation and ductility
of Fe-Ga alloys!. Liu Yangyang"* prepared rod-like
Feg,Gag Aly (x=0, 4.5, 6, 9, 12, 13.5) alloys by directional
solidification method and results showed that the tensile
strength and elongation of the alloys reached 492 MPa and
11.4% respectively when the Al content remained at 4.5 at%,
which were higher than Feg,Gayg alloy. Nolting[ls] believed
that the addition of Cr, Al and V elements can improve the
elongation and tensile strength of Fe-Ga alloys, and the frac-
ture mode of the alloys transformed from intergranular frac-
ture to transgranular fracture.

Tb, one of heavy rare earth elements, has high effective
magnetic moment, unique 4f electronic structure and strong
magnetic crystal anisotropy!''”.. The truth that 0.2 at%Tb
doped in Fe-Ga alloys can markedly ameliorate the properties
was proven in precedent researches. Zhang Guangrui®” ac-
quired Feg;Ga;oTh, (x=0, 0.2, 0.4, 0.6) alloys thin belt by fast
hardening and melt-spinning method. The outcomes demon-
strated that Tb elements was enriched at the grain boundaries
and the magnetostrictive strain of Feg;Ga;9Tb,, alloy culmi-
nated -1320 x10°. Meng Chongzheng”'?** investigated that
the tensile strength and elongation of (Feg;Ga;7)99sThg, alloy
reached 595 MPa and 3.5%, which was significantly higher
than that of the undoped alloys. The fracture mode of the al-
loys changed from intergranular fracture to transgranular
fracture and finally to interphase fracture. The dispersed Tb
rich phase greatly increased the dislocation density.

In summary, (Fe;3Gayr)esThy, alloy was used as matrix in
this article and then added Al element to prepare
(Fe73Gayr Al ) Tho, (x=0, 1, 2, 3, 4, 5), researching the ef-
fect of Al addition on microstructure, magnetic properties and
mechanical properties of the alloys.

1 Experiment Materials and Methods

Fe, Ga, Al, and Tb metal elements with a purity greater than
99.95% were selected as raw materials. Ingredients were cal-
culated based on the composition of (Fe;;Gay;Al,)gesTbo,
and different compositions alloys were weighed through an
electronic balance. The total mass of each component alloys
was remained 80 g.

Firstly, the weighed samples are placed into a water-cooled
copper crucible of a non consumable vacuum arc furnace.
Secondly, the mechanical pump and pre extraction valve to
pump the air pressure below 5 Pa are opened, and then the
forward valve, gate valve, high vacuum molecular pump are

sequentially switched to keep the air pressure under 5x107.
Thirdly, closing the high vacuum molecular pump, gate valve,
forward valve and mechanical pump in sequence and flush the
furnace with high-purity argon gas three times to reduce alloy
oxidation finally. After the melting is completed, flip the ingot
and repeat the melting three times to ensure uniform alloys
composition and good morphology, for reducing structural
defects such as porosity and shrinkage inside the ingot. When
the ingot is cooled under a water-cooled copper crucible, it
exists undercooling in the longitudinal direction, and the
grains grows along this direction. The preferred orientation of
the grains saliently exerts an impact on the magnetostrictive
performance of the alloys. In consequence, near the middle of
the ingot is supposed to take priority in the sample and cut
along the longitudinal direction. The cutting location of alloys
is shown in Fig. 1.

Water cooling direction

7
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Fig. 1 The sampling position of alloys

2 Results and Discussion
2.1 X-ray Diffraction Analysis

Fig. 2 shows the XRD spectrum of (Fe;3Gay;.,Aly)gosTbg
alloys and the Table 1displays the 26 angle of (100) peak, lat-
tice constant a(A) and I,g0/1;;9 (%) obtained from calculating
the XRD spectrum. As shown in the Fig. 2, the characteristic
diffraction peaks of the alloys after the addition of Al element
are composed of (110), (200) and (211) three diffraction peaks,
which indicates that the phase structure of the alloys is domi-
nated by the A2 phase. Since the atomic radius of Tb (0.251
nm) element is much larger than that of Fe (0.126 nm) atomic
radius and Ga (0.140 nm) atoms, Tb element difficultly dis-
solves in Fe-Ga solid solution. Based on the latter EDS analy-
sis results, Tb element is mainly gathered at grain boundaries
and generated Tb,Fe;; phase. However, the diffraction peak of
Tb,Fe;; phase isn’t appeared on the XRD spectrum, which
may be credited to the low content of this phase, thereby ina-
bility to appear the characteristic peak on the XRD spectrum.

The second row in the table displays the angle of the (110)
peak of the alloys shifting to the right, then to the left, finally
gradually returning to normal, which is attributed to the lattice
distortion caused by mutual substitution of different elements
in the alloys, thus resulting in diffraction peaks shifting. From
the outcomes in third and fourth rows of the table shown, the a
(A) of the alloys presents a trend of first decreasing and next
increasing, then decreasing and ultimately increasing while
the Tpyo/1119 (%) 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
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atoms. An augmentation in the lattice constant of the alloys
means the decrease of the lattice gap and vacancies in the al-
loy’s crystal. According to literatures'*”!
the electron density in the surrounding area and improve the

, vacancies can reduce

physical environment around Fe, hence enhancing the magne-
tostrictive properties of the alloys. The lattice constant of the
alloys tends to increase on account of Al atomic radius greater
than Ga atomic radius. When x=3 at%, the lattice constant is
acquired a minimum value of 2.8888; the I/l (%) crests
86.60, manifesting that (100) orientation in the alloys is en-
hanced at this time, which means that appropriately adding Al
element augments the (100) orientation. As the easy magneti-
zation direction of Fe-Ga alloys is (100) direction, it exerts an
indispensable impact on the magnetostriction performance,
and therefore it is a momentous reason for the large magneto-
striction after the addition of Tb element as well.
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Fig. 2 The XRD pattern of (Fe73Gay7..Aly)essTby alloys

Table 1 XRD analysis results of (Fe;3Gaz7xAly)e9sTby., alloys

x(at%) 0 1 2 3 4 5
20i00(deg)  44.03 442 4417 4425 4408  44.08
a(A) 2.9055 2.8994 29076 2.8888 2.9137 29138

Loo/Ti10(%) 3 42.5 10 86.6 8.6 10.6

2.2 Metallographic Structure

Fig. 3 presents the metallographic structure diagram of
(Fe13GayrAly)eo s Thy alloys magnifying 50 times. It shows that
the metallographic structure of the alloys is mainly composed of
cellular crystals and columnar dendrites. The reason for the
formation of cellular crystals is that during the forced growth
process of the crystal, occurring the interface instability condi-
tions, the convex peaks and concave valley shapes is appeared
at the interface. The growth rate of the concave valley grows
slow attributing to the accumulation of excess solute, thus in-
hibiting the growth process. The appearance of the concave
valley also triggers additional protrusions in adjacent areas,
which ultimately forms cellular structure through repeated pro-
cesses. The development of columnar dendrite is resulted from

the enlargement of component supercooling zone and local

bulge formed by the disturbance of the interface gets larger ex-
tension in the solution. In the process, new component super-
cooling is occurred, which destroys the stability of the original
cellular crystal interface, making the crystal growth direction
growing towards the crystallography orientation with the largest
growth rate. At the same time, the cross section of the cellular
crystal also shows lateral bulge on the grounds of crystallog-
raphy factors, wherefore the cellular crystal transforms into co-
lumnar dendrites.

The grain structure in Fig. 3(a) and (f) presents irregular
cellular chiefly while the grain structure in Fig. 3(b) and (c)
are mainly composed of irregular cellular crystals and a small
amount of columnar dendrites. Fig. 3(d) includes columnar
dendrites and the grain structure of Fig. 3(e) is made up of
hexagonal cellular crystals. According to the knowledge of
liquid metal forming™®, the more developed the dendrites are;
the liquid flow is less supplemented during the final shrinkage
stage of the solidification process, generating shrinkage poros-
ity and porosity defects, which leads to the descent in the me-
chanical properties of the alloys. It is consistent with the
hardness values measured later. That is, the hardness of

(Fe1;3GayyAls)ge s Thy 5 alloy will decrease.

(a) (b) (c)
200um 200um

(d) (e) (f)
200um 200um

Fig. 3 Metallographic structure of (Fe;3Gaz7.xAlx)e9sTbo . alloys

2.3 Scanning Electron Microscopy and Energy
Spectrum Analysis

Fig. 4 shows the backscattered electron images of
(Fe;3Gayr Al s Thy, alloys at different magnifications and
Table 2 bespeaks the results of point analysis for alloys of dif-
ferent compositions. Observing the backscatter image of the
alloys that Tb element enriches at the grain boundary in vary-
ing degrees, which resulting from the atom radius of Tb ele-
ment is much larger than that of Fe atom and Ga atom radius

and its solubility in Fe-Ga solid solution remains tiny. In terms
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of pertinent literatures”””, when Tb element gathers at grain
boundaries, it may be generated diverse compounds with Fe
atoms incorporating TbFe,, TbFe;, Tb,Fe;;, TbeFey;, all of
which can significantly ameliorate the magnetostriction prop-
erties of the alloys.

According to the analysis results of points E and F in the
table, comparing the relative content of Fe atoms with the
content of Tb elements, their ratios approach to 1:8.67 and
1.8.38 respectively, which are extremely close to the atom ra-
tios of Fe and Ga in Tb,Fe;; compounds. From above men-
tioned results to know that Tb,Fe;; whose saturation magneto-
strictive strain keeps more than 200 ppm precipitates at the
grain boundaries of (Fe;3GayAls)egsThy, alloy, which is also
the reason for increasing magnetostriction coefficient of the
alloys. In addition, the analysis results at point D shows that
the Al element content is relatively high, far above the Al el-
ement content in the nominal composition. The enrichment of
Al element reinforces the pinning effect of the alloys, making
it difficult for the alloy's magnetic domain to rotate, thereby
reducing the magnetostriction performance of the alloys,
which keeps peace with the lowering in the magnetostriction
coefficient of (Fe;3GaysAly)gegThg, alloy measured in latter

passage.
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Fig. 4 Scanning electronic image of Fe73Gas7xAly)99 sThg alloys,
((a)-(c) corresponding to 0,2,3; (d), (e), (f) are the amplification of
energy spectrum at points D, E, F, particularly.)
Table 2 EDS analysis results of (Fe;3Gay7.xAlx)99sThy.; alloys

2.4 Magnetostrictive Properties

EERIARIREI G| FIYR. (a) and (b) present the curves of the

parallel  magnetostriction  coefficient (A , ) of
(Fes3Gayr,Aly)ge s Thy, alloys changing with external magnetic
field and Al content respectively. From $&i&! R 25| FHIR .

(a) known, the external magnetic field required for the A, of

the alloys to reach saturation after the addition of Tb element
is in the range of 1300-1700x 79.6 A'm 'and the applied
magnetic field required remains larger when the magnetostric-
tive coefficient of the alloys reaches saturation with the addi-
tion of Al element 4R ! AR 4R EI 5| FI¥E. (b) shows that the A,
of (Fe;3GayyAly)gegThy, alloys varies between 62-104 x10°,
the A, of the alloy increases slightly at x=1 at%. In light of
the XRD analysis above, the decrease of the lattice constant of
the alloys and the enhancement of the orientation [100] are
conducive to the magnetostrictive properties of the alloys.
When x=2 at%, the A, of the alloy shows a decreasing trend
due to the portion of Al elements existing in the form of pre-
cipitated phase and the precipitated phases produce an pinning
effect on the magnetic domains, which reduces the magnetoe-
lastic property of the alloys”™”. The alloy’s &, of x=3 at%
reaches the maximum value of 104 x10° that is related to the
minimum lattice constant and the strongest orientation [100].
Tb,Fe,; phase which is beneficial to the improvement of
magnetostrictive properties is produced at the grain boundary
of the alloy meanwhile. The A, of the alloys decreases signif-
icantly when x=4-5 at%; by occasion of the solid solution ca-
pacity of Fe and Al elements is more diminutive than that of
Al and Ga elements whereupon Al elements destroy Ga-Ga
atomic pairs”™. Clark proposed that the Ga-Ga atomic pair is
an important reason for the large magnetostrictive properties

of Fe-Ga alloys™.
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Content (at%) Fe Ga Al Tb
A 50.38 43.24 0 6.38
B 50.37 43.19 0 6.43
C 54.92 36.53 0 8.56
D 68.93 17.57 13.50 0
E 53.28 40.57 0 6.15
F 53.46 40.16 0 6.38
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Fig. 5 The curve of parallel magnetostriction coefficient of
(Fe73Gaz7xAlx)99 sThg 2 alloys changing with applied magnetic field; (b)
the curve of parallel magnetostriction coefficient varying with Al

content
2.5 Hysteresis Loop Analysis

Fig. 6(a) is
(Fe73Gayr,Aly)ge s Tho, alloys. Fig. 6(b) presents the linear fit-

hysteresis  loop  diagram  of
ting results of saturation magnetization (Ms), remanent mag-
netization (Mr) and coercivity (Hc) of the alloys obtained by
Origin software, which vary with Al content. From the Fig.
6(a) known, the magnetization of all samples basically reaches
saturation state when the applied magnetic field approaches
10000 G.

Fig. 6(b) shows that the Ms of (Fe;3Gay7.,Aly)gosTby, al-
loys varies within 109.1£21.6 (G). The Mr and Hc of
(Fe73Gayr,Aly)g9 s Thy, alloys morph slightly. The Mr changes
in the range of 0.3£0.9(G), and the Hc transmutes in the range
of 8.1+2.36 (G). The Mr and Hc of (Fe;3GayrAly)gogThg s
alloys show an overall trend of first decreasing, then increas-
ing, and final decreasing with the change of Al content, while
the trend of Ms is essentially opposite. On the basis of litera-
tures, the materials with high Ms and low Mr are able to save
resources in the actual production of products, which is con-
ducive to the development of products in the light, thin, short
direction and quickly respond to the inversion of the external
magnetic field®”. For soft magnetic materials, the lower Hc
indicates that they are susceptible to magnetization by external
magnetic fields and are easily demagnetized by external mag-
netic fields or other elements, which reduces the hysteresis
loss and magnetization power of materials, availing its practi-
cal application. According to the above analysis, the
(Fes3GaysAly)go s Thy» alloy possesses high Ms, low Mr and Hc
in this series of alloys, whereupon it is more suitable for ex-

tensive production and application.
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Fig. 6 (a) Hysteresis loop curve of (Fe73Gay7xAlx)g sTbo 2 alloys; (b)
The curve of Ms, Mr and Hc of (Fe73Gaz7xAlx)e9 sTbg 2 alloy varying

with Al content
2.6 Room Temperature Stretching Experiment
HRIRIEI G HIE.
(Fe;3Gayr4Aly)gg s Thg, alloys. Fig. 7(a) and (b) show the

curves of the tensile strength and elongation of the alloys var-

is the stress-strain curve of

ying with Al content separately. As the Fig. 7(a) shows, the
highest tensile strength of the alloys reaches 322.8 MPa at x=3
at%. With the augmentation of Al content, the tensile strength
of the alloys decreases firstly, then increases, and decreases
finally in a wavy trend. The tensile strength of the alloys de-
scends after doping a fraction of Tb element comparing to
Fe;;Gay; alloy, which attributes to the atomic radius of Tb
surpassing that of Fe and Ga atoms and Tb element is enriched
at the grain boundary, thus increasing the tendency of grain
boundary cracking. Fig. 7(b) shows that the elongation of
(Fe73GagsAl) )99 s Tby
(Fe;3Gayg)ge s Thy, alloy, suggesting that the addition of appro-

alloy is greater than that of

priate Al element has a certain degree of improvement in plas-

ticity.
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Fig. 7 (a) and (b) are the curves of tensile strength and elongation of

(Fe73Gaz7xAly)eg s Ty » alloys changing with Al content particularly.
2.7 Fracture Morphology Analysis

Utilize the scanning electron microscope and energy
spectrum analysis to observe the micro morphology and ana-
lyze the cause of fracture of the alloys. Fig. 8 shows the high
magnification fracture morphology of (Fe;3Gay;. Aly)eosTbg s
alloys. Points A and B in Fig. 8(a) correspond to white dots in
the (Fe73Gay7)905Tby, alloy grain and point C symbolizes the
white dots in the grain boundaries, whose Tb element are far
higher than those in the matrix displayed by EDS analysis,
proving that Tb element is segregated at grain boundaries or
within the grain. According to the previous theory, element
eliguation increases the tendency to fracture along grain
boundaries, wherefore Tb element segregation is the principal
reason of fracture in (Fe;3Gasg)geThy, alloy. The point D in
Fig. 8(b) is the composition analysis at the grain boundary of
the (Fe;3GayAl))gsThy, alloy whose relative content of Al
element keeps more than that in the nominal composition,
which also evincing Al element segregation is existed at the

grain boundary as a salient cause for the fracture of the alloy.

The fracture modallty of (Fe73Gaz5Alz)gg_gTb0_2 allOy is cleav-

age fracture and apparent cleavage steps usually comprised of |

a sequence of diminutive fracture surfaces is observed in Fig.
8(h), which represent at the micro level as a fleet of cleavage
surfaces such as those in a body centered cubic lattice of met-
als, where the cleavage surfaces are mainly (001) crystal
planes. In terms of the previous XRD analysis, the crystallog-
raphy structure of (Fe;3GaysAly)gosThy, alloy resembles o- Fe
remaining a body centered cubic crystal structure and thus in-
ferring that the cleavage plane of this group is the (001) crys-
tal plane primarily. Point E represents the point analysis of the
grain boundary where the Al element content get near the
matching composition. Point G means a composition analysis

of the cleavage step, illustrating that Al element exsolution is

occurred at the cleavage step as a major reason for alloy
cleavage fracture. The points H, I and J are white dots at the
fracture surface of the (Fe;3GayAls)esThy, alloy for point
analysis. The results show that the Tb element content at
points H and I are greater than that in the matrix phase re-
markably and the Al element content at J point is more than
that in the matrix phase, which hint that the fracture of the al-
loy is cause by the segregation of Al and Tb elements.

The points K and L correspond to white dots at the grain
boundary and in the entire grain respectively and point M is a
point analysis of the grain boundary. The outcomes show that
their relative content of Al element topping than that in the
matrix phase, indicating that the fracture reason of the
(Fe;3GaysAly)ge s Thy alloy accounts for segregation of Al ele-
ment at different positions. The points N and P symbolize
white dots within the grain of (Fe;3GayAls)egsThy, alloy and
the O point is used for point analysis of grain boundaries. The
consequences demonstrate that the Tb element content at the
N and P points are higher than that in the matrix and the Al
element content at the point O exceeds than that in the matrix,
which implying that the fracture of the (Fe;3GasyAls)gggThg,
alloy is resulted from segregation at the Al element grain
boundaries and segregation of Tb elements at grain boundaries
or within grains.

In conclusion, the addition of Tb element enhances the
tendency of cracking in the alloys. The reasons for the fracture
of (Fe;3Gayr.,Aly)ggsThy, alloys include single element segre-
gation of Al element and Tb element, segregation of multiple

elements at different positions and Al element exsolution.

Fig. 8 Fracture morphologies of (Fe73Gay7.xAlx)9 sTbo 2 alloys at dif-
ferent multiples ((a) x=0, (b) x=1, (¢), (d) and (h) x=2, () x=3, ()
x=4, (g) x=5; (a), (b), (e) and (h) are 4000 times; (c), (d), (f) and (g)
are 2000 times.))

Table 3 EDS analysis of fracture of (Fe;3Gaz75Aly)99sTby., al-
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loys at different multiples

3 Conclusion

(1) The addition of Al element doesn’t change the phase

GH@%) Fe Ga Al Tb &HH(at%) Fe Ga Al Tb
A 63452654 0 10.01 J 33.76 7.80 58.85 0
B 65932372 0 1036 K 57.22 20.582220 0
C 64253321 0 251 L 62.74 21611565 0
D 65713118 3.11 0 M 5570 25331896 0
E  79.0819.06 1.92 0 N 47.60 38.86 7.11 6.42
G 0 0 100 0 0 68.87 23.92 721 0
H  50.8540.58 2.27 6.29 P 49.14 38.53 596 6.37
I 47314171 408 6.90

structure of (Fe73Gay7)g9 s Thg 2 and

(Fe73Gayy Al ) g Thy, alloy is still composed of A2 phase

alloy

and Tb,Fe;; phase. The grain shape of the alloys that
preeminently affects the hardness of (Fe;;Gayy.Aly)ggsTby
alloys is mainly composed of cellular crystal and columnar

dendrite.

2.8 Vickers Hardness Result

Fig. 9 that presents a trend of first decreasing and then
increasing is the Vickers hardness value of the alloys morph-
ing with Al content. The hardness value of the alloys descends
when x=0-3 at%, combining with the metallographic preced-
ing photos, the number of irregular cellular crystals is reduced
and gradually transmuted to columnar dendrites. In terms of
the relevant literature®", on account of the presence of den-
dritic crystals, the liquid flow during the final shrinkage pro-
cess of the alloys in the solidification stage cannot be replen-
ished timely, resulting in the formation of defects such as
shrinkage porosity and shrinkage cavity, thus degrading in the
mechanical properties of the alloys. Thereby, educing that the
hardness value of the alloys decreases in this stage, which may
be influenced by columnar dendritic crystals. The maximum
value of 339.98 HV is obtained at x=4 at%, based on the
metallographic photos of the alloys to infer that the hardness
of the alloys is risen since numbers of small hexagonal cellu-
lar crystal structure evolved. Furthermore, in comparison to
the (Fe;3Gayy)egsThy, alloy, except for the alloy of x=4 at%,
the hardness value of the (Fe;3Gay;Aly)ge s Thy, alloys are de-
creased wholly. According to the scanning electron microsco-
py results in the anterior text, it is pertinent to the enrichment
of Tb elements at grain boundaries, which leads to the dimi-

nution of the mechanical properties in the alloys commonly.

.
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Fig. 9 The curve of Vickers hardness of (Fe73Gaz7.x<Alx)99 sTby al-

loys varying with Al content

(2) Comparing with (Fe;3Gay;)e95Tb, alloy, the A of
alloys at x=1 and x=3 at% increase by 46.5% and 18.3% sep-
arately, which is chiefly related to the decrease of lattice con-
stant, the enhancement of (100) orientation and the formation
of Tb,Fe;; phase. (Fe;3GayAl;)gosThy, alloy has the charac-
teristics of high Ms and low Mr And Hc in this series of alloys,
which can save resources in actual production and reduce
production costs.

(3) At room temperature, the tensile strength of
(Fe13Gayg)g9 s Thy, alloy can reach 322.8 MPa while the tensile
strength of the alloys decreases after adding Al element, but in
comparison to the (Fe;3Gayr)e9sThy, alloy, the elongation of
(Fes;3GagAl))gosThy» alloy increased to 53.4%. The reason of
fracture for (Fe;3Gayr.,Aly)eosTby, alloys include intergranular
brittle fracture and cleavage fracture, which results from the
segregation of Ga, Tb and Fe. At x=4 at%, the Vickers hard-
ness of the alloys culminates 339.98 HV, surpassing 8.2% than

that of (Fe73G327)99_gTb0_2 alloy.
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Al TTERMXF (Fe73Gazy)eo sTho, B & RIS . LM BE R 1 BERY 2N

G 2,

ek, s, kA, Y

(1. WEH TR RIS TR, FERIVERE 010051)
(2. MBI TR DR B ST RT,  b3T 100081)

1 . CDEMEKSRRY/DE Al RTINS A &K R EAS W BFE Fe-Ga & & MBS A . BLAh, MT ALINE
T Ga, K Al B3 (FersGazr)oosThoo £ H1 I Ga, 8 AT LAREARAE = A . iid 357 HL R 1) 45 (FersGazraAl oo s Tbo 2(x=0,1,2,3,4,5)
e, WA AL TR A S IOMON S . RETERER J1 22 VERE IO, S5 EoR, A4S AR A2 HIAT ThyFer M, HAMAM di
WREFIHRA AL AR . A G A3 SRR (100) I [T 38 38 DA K 8 AL ) ThoFey MW REBUS 45k i A7 B8 2 m . &4l
TS M PE BT AR ZE, P AR W R R G Tb A1 AL JGEMRMT . (Fer3GanAly)eosTho B & M FATHEBURAE NI (L) HtiG
EF) 104 ppm. (B AR (Fer3Gan)wsThos B4, (FernGaxsAl)oosTbos B4 L ARF T 18.3%, MKREFT 53.4%, FH
(FenGagsAly)oosThoo 74 F i VL RIEAG B8 P (M) AETRI AR A A58 B2 (M) RV L) g (Ho) S5 Re 1, FE SRR AR = Fp ] AR AR P A s (Hi%
& PRSI E IREEREAT BT T Mo DRIk, WFFE AL JCRIBINX Fe-Ga & & MIMOMHLILA & Fe-Ga £ &84T oAy 2 & s

KA (FersGan)oosThootrdr: AlBA:: (MM REMERE: J1%bkRE
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