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Abstract

The effects of co-addition of La and Nd on microstructures and mechanical properties
of squeeze-cast Mg-Al-Zn-La-Nd alloys were investigated. Six squeeze-cast Mg-Al-Zn-La-Nd
alloys with different La/Nd ratios were prepared. Microstructures, Vickers hardness, and com-
pression properties (at room temperature and high temperature) were investigated. The results
reveal that the La/Nd ratio has a significant influence on the microstructure and mechani-
cal properties. The microstructure, Mg17Al12 area fraction, Vickers hardness, and compression
properties of alloys with different La/Nd ratios are different. When the La/Nd ratio is 2/3, the
alloy has fine grains, less Mg17Al12 phase content, and excellent mechanical properties. The
present research indicates that adding dual REs with appropriate La/Nd ratio to Mg-Al-Zn
alloy can effectively improve its performance.

K e y w o r d s: AZ91, rare earth, microstructure, mechanical properties, squeeze-cast

1. Introduction

AZ91 alloy, which mainly contains 9 wt.% Al and
0.8 wt.% Zn, is increasingly used in vehicle compo-
nents due to their excellent die castability and sat-
isfactory corrosion resistance [1]. However, Mg17Al12
leads to the deterioration in mechanical properties at
473K, which limits the application of AZ91 on auto-
mobile powertrain components [2]. Many researchers
focus on improving alloy structure, reducing internal
defects, and improving alloy properties through RE
alloying and squeeze casting process [3, 4]. REs do
not form Mg-RE or Mg-RE-Al phases in Mg-Al al-
loys because of the difference in electronegativity be-
tween the elements [5, 6]. Pettersen et al. [7] reported
that REs used have quite similar properties and are
found to combine with Al to form the Al11RE3 phase
(and Al10RE2Mn7) in Mg-Al alloys. However, Powell
et al. [8] were the first to think that the formation of
Al11RE3 and Al2RE is sensitive to rare earth individ-
uals. They also reported that La preferentially favors
the formation of the A111RE3 phase, while Nd favors
the Al2RE phase. Those phases with a low La :Nd ra-
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tio (less than 0.7) are Al2RE, and when La :Nd ratio
is high, Al11RE3 is formed. Zou et al. [9] proposed
that Al11Nd3 is easily formed in the high Nd concen-
tration area because the proeutectic polygon Al2Nd
promotes nucleation to accelerate the peritectic for-
mation of Al11Nd3. Zhang et al. [10] reported that the
decomposition energy of the Al11RE3 phase was cal-
culated by first-principles and super-soft pseudopoten-
tials. The conclusion is that the decomposition energy
of Al11La3 is the highest, and the thermal stability
of Al11RE3 is sensitive to rare earth individuals. The
individual differences of rare earth are also reflected
in the solubility in Mg alloys (the solubility of La is
0.79 wt.% and Nd is 3.60 wt.% [11]). In the study by
the author [12] on the microstructure and properties of
AZ91-xRE (x = 0, 1, 2, 3), the alloy containing 2 wt.%
RE exhibits the highest properties (hardness, fluidity,
tensile strength, etc.). Similar studies by Bayani et al.
[13] also revealed that the same amount of RE addi-
tion could significantly improve the thermal properties
of AZ91.
The squeeze casting process, also called “liquid

metal forging,” is a metal process that combines
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Ta b l e 1. Chemical composition of the investigated Mg-Al-Zn-La-Nd alloys

Analyzed composition (wt.%)
Alloys code La :Nd

La Nd Al Zn Mn Si Mg

S1 Squeeze-cast 0 : 0 0.00 0.00 8.66 0.73 0.16 0.051 Bal.
S2 Squeeze-cast 1 : 3 0.51 1.48 8.48 0.75 0.17 0.053 Bal.
S3 Squeeze-cast 2 : 3 0.78 1.20 8.67 0.73 0.17 0.059 Bal.
S4 Squeeze-cast 1 : 1 0.99 1.01 8.57 0.72 0.18 0.058 Bal.
S5 Squeeze-cast 3 : 2 1.21 0.77 8.61 0.72 0.17 0.053 Bal.
S6 Squeeze-cast 3 : 1 1.49 0.51 8.56 0.74 0.17 0.054 Bal.

casting and forging to reduce defects where molten
metal is solidified under an applied pressure [14]. The
squeeze-casting molding process that combines cast-
ing and forging helps magnesium alloy parts be bet-
ter used in automobiles [15]. Lee et al. [16] reported
that the grain sizes of the squeeze-cast AZ91-X alloys
with added alloying elements (Y, Sr, and Nd) are finer
than those of the squeeze-cast AZ91 alloy. Zhang et
al. [17] reported that the squeeze casting process sup-
pressed the negative effect of adding Ca to the AZ91
alloy on the mechanical properties. The improvement
of mechanical properties is attributed to the refine-
ment of the microstructure, the modification of the
second phase, and the reduction of defects in squeeze
casting.
Since the Al-RE phase is sensitive to rare earth

individuals and plays a very important role in affect-
ing the mechanical properties of Mg-Al-based alloys,
further investigation is necessary and valuable for fu-
ture alloy design. This work studied the influence of
the La/Nd ratio on the microstructure of alloys and
the morphology of the secondary phase. La/Nd ratio
(1/3, 2/3, 1/1, 3/2, and 3/1) is selected as a vari-
able, and the total amount (2 wt.%) of La and Nd
is used as a constant. Vickers hardness and compres-
sive properties are examined to understand better the
mechanism of the La/Nd ratio on the properties of
squeeze-cast Mg-Al-Zn-La-Nd alloys. The work aimed
to obtain the most suitable La/Nd ratio in the RE al-
loying of Mg-Al-Zn-La-Nd alloys to make its thermal
properties excellent.

2. Experimental details

Mg-Al-Zn-La-Nd alloys were prepared by melt-
ing the ingots of AZ91D and master alloys Mg-
-15wt.%La, Mg-20wt.%Nd in a furnace at 1023K
under the protection of CO2 and SF6 (99 : 1). The
melt was held for 20 min to dissolve completely and
then cooled to 993K. In the squeeze casting pro-
cess, the melt was transferred into the filling chamber
and injected into the mold by an SCH-350A model
squeeze casting machine. The applied pressure was

120MPa, and the injection speed was 0.15 m s−1.
After solidification, the chemical composition (listed
in Table 1) of Mg-Al-Zn-La-Nd alloys was tested
by ICP-AES (Inductively Coupled Plasma-Atomic
Emission Spectroscopy). Microstructural observations
were performed using a metallographic optical mi-
croscope (OM, Leica LCMS301) and scanning elec-
tron microscope (SEM, FEI QUANTA-200) equipped
with dispersive X-ray spectroscope (EDX, OXFORD
INCA X-ACT). For microstructural observations, the
squeeze-cast specimens (15 × 8 × 8mm3) were cut
from each alloy and etched with 4% nital. The mean
grain diameter analysis was conducted using OM im-
ages (1000 × 750 µm2) with Image-pro. The phase
analyses were performed with an X-ray diffractometer
(XRD, X’ Pert Pro MPD/Cu Kα). The scanning angle
(2θ) was from 10◦ to 100◦ and the measurements op-
erated at 40 kV and 40mA. The transmission electron
microscope (TEM, HRTEM JEM-2100) at 200 kV was
employed to conduct the phase analysis. For the TEM
analysis, ø 1.5 mm discs were cut from 40 µm-thinned
samples. Vickers hardness tests were conducted using
Vickers Optical Hardness Tester (HBRVU-187.5) at a
load of 500 g with a dwelling time of 15 s for all sam-
ples (8 × 8 × 5mm3). The average hardness ratio of
each alloy was calculated from five tested ratios. The
fabricated cylindrical bars (ø 10 × 25mm2) for the
compression tests were machined from each alloy. The
compression tests were performed at room tempera-
ture (293 K) and high temperature (423 K) by using
a WDW-200 electronic universal testing machine at a
rate of 1 mmmin−1.

3. Results and discussion

3.1. Microstructures of squeeze-cast
Mg-Al-Zn-La-Nd alloys

Figure 1 shows the optical micrograph with the
corresponding average grain diameter of squeeze-cast
alloys: S1–S6. It reveals that all six alloys are mainly
composed of approximately equiaxed α-Mg grains and
plenty of interdendritic secondary phases. The mea-
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Fig. 1. Microstructures of squeeze-cast alloys with corresponding average grain diameter distribution: (a) S1; (b) S2; (c)
S3; (d) S4; (e) S5; (f) S6.

sured average grain size of squeeze-cast alloys de-
creases from 41.34 to 17.80µm as the La/Nd ra-
tio increases from 0/0 to 2/3. When the La/Nd ra-
tio increases from 2/3 to 3/2, the average grain size
increases slightly to 23.51 µm. Adding REs to the
squeeze-cast alloys, the grains in the alloys are re-
fined significantly, and the Mg17Al12 phases around
grain boundaries are significantly modified. Refs. [18,

19] also reported the grain refinement effect of REs
on AZ91. The values of electronegativity of Mg, Al,
La, and Nd are 1.31, 1.61, 1.10, and 1.14, respectively
[20, 21]. It is indicated that thermal stable Al11RE3
and Al2RE are easier to form than other intermetal-
lic compounds [5]. According to [9], the Al-RE phase
(Al11RE3) formed during the grow-up period of the
α-Mg nucleus. The Al-RE phase existing in the in-
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Fig. 2a1–6. EDS analyses of squeeze-cast Mg-Al-Zn-La-Nd alloy: (a1) SEM image of Mg-Al-Zn-La-Nd alloy; (a2) Mg K;
(a3) Zn K; (a4) Al K; (a5) La L; (a6) Nd L.

ner and outer regions of grain hinders grain growth
and refines grain size. As shown in Fig. 1, two types
of Al-RE phases (marked by arrow) exist in the mi-
crostructures of squeeze-cast Mg-Al-Zn-La-Nd alloys,
i.e., needle-shaped Al11RE3 being the dominant one
and the polygonal Al2RE. Because of the thermal sta-
bility of Al-RE, Al-RE plays a key role in improv-
ing the room temperature (RT) and high temperature

(HT) properties of the squeeze-cast Mg-Al-Zn-La-Nd
alloys. The measured β-Mg17Al12 area frictions are
29.36, 13.05, 5.76, 4.31, 9.51, and 11.96% for squeeze-
cast alloys (S1–S6) indicating that the addition of REs
(La and Nd) significantly suppresses the precipita-
tion of β-Mg17Al12. As the La/Nd ratio increases, the
area friction of β-Mg17Al12 decreases first and then in-
creases. The alloy with the smallest β-Mg17Al12 area
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Fig. 2b1, b2. EDS analyses of squeeze-cast Mg-Al-Zn-La-Nd alloy: (b1) enlarged SEM image of Mg-Al-Zn-La-Nd alloy;
(b2) EDS results of position A, B, and C.

Fig. 3. Bright field (BF) images and selected area electron diffraction (SAED) patterns: (a) Mg17Al12 and (b) Al2RE; (c)
BF images and HRTEM patterns of Al11RE3; (d1) FFT pattern of Mg and (d2) Fourier-filtered image of (d1); (e1) FFT

pattern of Al11RE3 and (e2) Fourier-filtered image of (e1).

fraction is the alloy with a La/Nd ratio of 1/1.
Figure 2a shows the EDS elemental mappings of

squeeze-cast Mg-Al-Zn-La-Nd alloy with REs addi-
tion. Al, La, and Nd elements are concentrated in the

locations of the white needle-shaped phase and white
granular phase. Mg and Al elements are concentrated
in the dark gray coarse bulk phase. Besides, the area
where the Al element concentrates in each phase is
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Fig. 4. XRD analysis of squeeze-cast alloys: (a) scanning angle from 16.9◦ to 35◦; (b) scanning angle from 34.6◦ to 58.1◦.

slightly larger than that for other elements (La and
Nd), which indicates that the Al element is easy to
concentrate and distribute around these phases. The
EDS analyses of bulk phase (point A), needle-shaped
phase (point B), and granular phase (point C) are
shown in Fig. 2b. Analyses by TEM (Fig. 3) and
EDS reveal that the observed bulk phase is Mg17Al12
(body-centered cubic structure, a = 1.06 nm), the
granular phase is Al2RE (face-centered cubic struc-
ture, a = 0.82 nm), and the needle-shaped phase is
Al11RE3 (body-centered orthorhombic structure, a =
0.43 nm, b = 1.29 nm, c =1.01 nm).
Figure 3c shows the TEM bright field (BF) im-

age and high-resolution TEM (HRTEM) image of
Mg/Al11RE3 interface. Fast Fourier transformation
(FFT) analysis of two squared area marked in Fig. 3c
is shown in Figs. 3d1,e1, respectively. One-dimensional
inverse-FFT images in Figs. 3d2,e2 reveal the sec-
ondary phase Al11RE3 tends to grow with its (020)
planes parallel to that of the (0002) of the α-Mg ma-
trix. These observations agree with the report [20].
The majority of Al11RE3 phases are formed on the
basal plane (0002) of the matrix, which is useful in
blocking the movement of dislocations in the basal
plane.
Figure 4 shows the XRD spectra from squeeze-

-cast alloys: S1–S6. The phase identification was car-
ried out by comparing the position and intensity of
the diffraction peak in the spectrum with the data
in ICDD PDF4-2009. The results show that the main

phase components of the squeeze casting Mg-Al-Zn-
-La-Nd alloy are Mg17Al12, Al11La3, Al11Nd3, Al2La,
and Al2Nd. With increasing La/Nd ratio, the inten-
sity of the Al11La3 (crystal plane of (020)) and Al2La
(crystal plane of (331)) increased while the intensity
of Al11Nd3 (crystal plane of (110)) and Al2Nd (crys-
tal plane of (111)) decreased. It is worth mentioning
that the changes in the two characteristic peaks with
scanning angles of 33.47◦ and 33.92◦ are consistent
with the changes in the content of rare earth elements.
With the increase of La/Nd ratio, the peak corre-
sponding to (033) the plane reflection of Al11La3 in-
creases, and the peak corresponding to (130) the plane
reflection of Al11Nd3 decreases. Besides, the peak of
Al2Nd at 56.26◦ almost disappeared when La/Nd ra-
tio was greater than 1/1, while the peak of Al11La3 at
35.40◦ and Al2La at 48.67◦ emerged. Interestingly, the
Mg17Al12 peak of (411) the plane at 36.19◦ and (332)
plane at 40.22◦ increased when La/Nd ratio was 1/3.
As the La/Nd ratio increased from 1/3 to 3/1, these
two peaks of Mg17Al12 were significantly weakened. It
reveals that the content of Mg17Al12 is greatly reduced
because of the addition of RE, reducing the Al level
in the Mg matrix and suppressing the precipitation of
Mg17Al12 [22].

3.2. Thermodynamic analysis

The addition of RE (La and Nd) to AZ91 alloy
leads to the formation of Al11RE3 and Al2RE with-
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out any formation of Mg-RE or Mg-Al-RE phases due
to the electronegative difference between Al and RE
is greater than that between Mg and RE [7, 23]. The
Miedema model can be used to perform thermody-
namic calculations on the results mentioned above [24,
25]. The enthalpy of formation ΔHcan be calculated
using the following expressions:
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where cA and cB are atomic concentrations of met-
als A and B, VA and VB are molar volumes of met-
als A and B, csA and csB are surface concentrations
of metals A and B; other experimental data can be
obtained from [24]. Equation (1) applies to two non-
transition metals (Mg and Al), Eq. (2) applies to tran-
sition metal with non-transition metal (RE and Al).
The enthalpy of formation is related to the order of al-
loy formation. The smaller the enthalpy, the easier it is
to form, and the more stable the intermetallic phase
will be. The main phases in Mg-Al-Zn-La-Nd alloys
are Mg17Al12, Al11La3, Al2La, Al11Nd3, and Al2Nd.
The ratio ΔH calculated from the above formula is
–11, –38, –50, –41, and –53.6 kJmol−1. The results
reveal that the formation enthalpy of the Al-RE is
much smaller than that of Mg17Al12, so Al-RE is eas-
ier to form. The difference in enthalpy of formation
between Al-RE phases is small and formed during the
grow-up of α-Mg [9]. In addition, the solubility of Nd
is 3.60 wt.%, and the solubility of La is 0.79 wt.%. The
solid solubility of Nd is much greater than that of La.
At a large La/Nd ratio, more La elements tend to
form needle-shaped Al11RE3 in the alloy. On the con-
trary, there are more Nd elements that tend to form
polygonal Al2RE in the alloy. In alloys with different
La/Nd ratios, the contents of Al11RE3 and Al2RE are
different.

3.3. Effect of REs on the microstructure
evolution

Figures 5a,b show the magnified views of inter-
metallic compounds in Mg-Al-Zn alloy without REs
added and Mg-Al-Zn-La-Nd alloy with REs added, re-
spectively. It is observed from Fig. 5b that the massive

Fig. 5. Magnified views of intermetallic compounds in: (a)
the Mg-Al-Zn alloy and (b) the Mg-Al-Zn-La-Nd alloy.

Mg17Al12 (isolated lath-shaped Mg17Al12) becomes
semi-continuous or discontinuous precipitation after
adding REs. At the same time, the content of the
discontinuous precipitation (dense lamellar Mg17Al12)
is significantly reduced. Amir Esgandari et al. [3] re-
ported that RE led to the complete suppression of
Mg17Al12. During the solidification, REs create the
constitution undercooling at the solid/liquid interface,
which contributes to the nucleation of α-Mg. REs and
Al are enriched in residual liquid, so REs consume
Al elements to form AlxREy at the grain boundary
and inhibit the growth of Mg17Al12. Consequently, the
growth of grains is restricted, and grains are refined.
According to the Hall-Petch relationship, fine grains
can significantly improve mechanical properties [26].

3.4. Mechanical properties of squeeze-cast
Mg-Al-Zn-La-Nd alloys

Table 2 shows the Vickers hardness and compres-
sive properties of squeeze-cast alloys: S1–S6. The Vick-
ers hardness first increases rapidly as La/Nd ratio rises
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Ta b l e 2. Mechanical properties of squeeze-cast alloys

Compressive properties (MPa)
Alloys code Vickers hardness, HV

Room temperature (293 K) High temperature (423 K)

S1 63.71 ± 4.03 300.50 ± 8.84 283.98 ± 9.65
S2 70.14 ± 3.16 341.35 ± 11.71 312.18 ± 7.62
S3 82.15 ± 3.35 361.38 ± 13.78 346.55 ± 12.11
S4 75.98 ± 2.78 370.19 ± 14.21 327.14 ± 12.11
S5 70.01 ± 3.72 356.35 ± 7.82 311.67 ± 9.73
S6 65.88 ± 4.01 351.16 ± 9.24 302.31 ± 7.93

up and then decreases.When La/Nd ratio is 2/3, Vick-
ers hardness reaches the peak ratio (S3). Besides, in-
creasing the La/Nd ratio from 0/0 to 1/1 results in
an increase of ∼ 23.19% in the compressive property
at room temperature. The alloy with a La/Nd ratio of
1/1 (S4) has a peak compression strength. The com-
pressive property begins to decrease when the La/Nd
ratio is greater than 1/1. As the La/Nd ratio increases
from 0/0 to 3/2, the compressive property at high
temperature increases from 283.98MPa to the opti-
mal ultimate compressive strength of 346.55MPa and
then decreases to 302.31MPa. High-temperature com-
pression strength and Vickers hardness reach the op-
timal ratio when the La/Nd ratio is 2/3 (S3). Adding
REs reduces the content of Mg17Al12 in the alloy,
which may slightly reduce the hardness and strength
of the alloy. However, the formed AlxREy (Al11RE3
and Al2RE) can effectively improve the hardness and
strength of the alloy, especially the high-temperature
mechanical properties [27].
Figure 6 shows the engineering stress-strain curves

of the squeeze-cast alloys. The difference in compres-
sion strain is somewhat significant for the squeeze-cast
alloys at room temperature. The addition of REs in-
creases strain, but the yield stage during compression
becomes indistinct. The alloy with the most signif-
icant strain is the alloy with a La/Nd ratio of 2/3
(S3). Due to the large amount of coarse necklace-
shaped Mg17Al12 distributed in the grain boundaries,
AZ91 alloy has high strength and poor plasticity.
Adding REs to the alloy greatly reduces the content
of Mg17Al12 in the alloy, thereby improving the plas-
ticity of the alloy. At high temperature, the differ-
ence in compressive strain is negligible compared with
compression at room temperature. The reason may be
that the Mg17Al12 in the alloy has been softened (this
is also the main reason for the poor performance of
AZ91 at high temperature [28]), so the plasticity of
the alloy is less affected.
To verify the fracture mechanisms and their rela-

tions with REs of the alloys, the fracture surface and
the EDS mapping analysis are presented in Figs. 7 and
8, respectively. It can be seen from the macro fracture
photos of the squeeze-cast alloys shown in Fig. 6 that

Fig. 6. Compression stress-strain curves of squeeze-cast al-
loys: S1–S6: (a) 293 K; (b) 423 K.

the fracture surfaces are approximately at a 45-degree
angle to the axis. The microscopic characteristics of
the fracture are mainly cleavage fracture. The frac-
ture surface of the alloys without REs added showed
a severely damaged state at both room temperature
and high-temperature compression. The fracture sur-
face of the alloy with REs added is less severe, and the
fractography becomes smoother [21]. The EDS map-
ping result shown in Fig. 8 of the fracture surface
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Fig. 7. Fracture morphologies of alloys: (a) Mg-Al-Zn alloy (293 K); (b) Mg-Al-Zn-La-Nd alloy (293 K); (c) Mg-Al-Zn
alloy (423 K); (d) Mg-Al-Zn-La-Nd alloy (423 K).

reveals that Al, La, and Nd elements presenting ag-
gregation morphology are visible near micropores and
cleavage steps. Before the compressive stress reaches
the critical ratio, the AlxREy hinders the movement
of grain boundaries and greatly improves the mecha-
nical properties of the alloy. However, after the stress
reaches the critical ratio, AlxREy forms microvoids or
microcracks at the AlxREy/matrix interfaces and de-
velops into the source of crack propagation. Zhang et
al. [29] reported that the microcracks originate at the
interface between AlxREy and the matrix.
Powell et al. [8] reported that La segregated pref-

erentially into needle-shaped Al11La3 phase while Nd
partitioned into the granular Al2Nd phase. They also
reported that the formation of Al11RE3 and Al2RE
is sensitive to rare earth individuals. Meanwhile, the
solubility of La is lower than that of Nd, and La
would likely segregate around the grain boundaries.
It is accessible that the second phase would increase
as La/Nd ratio increases. Liu et al. [30] reported sim-
ilar conclusions. Therefore, the La/Nd ratio may af-
fect the content of needle-shaped Al11RE3 and gran-
ular Al2RE in the Mg-Al-Zn-La-Nd alloy. Cui et al.

[31] reported that the length and quantity of acic-
ular Al11RE3 phase would be quite different when
dual REs with different La/Nd ratios are added to
AZ91. However, for the granular Al2RE it is difficult
to achieve the statistical measurement measure due to
its small volume and quantity. The EDS analysis re-
sults of the fracture surface in Fig. 8 indicate that the
fracture of the Mg-Al-Zn-La-Nd alloy may be related
to AlxREy. The size, shape, number, and distribution
of secondary phases affect the mechanical properties
of the alloy [32]. Al11RE3, which is distributed in a
large amount at the grain interiors and grain bound-
aries, is more likely to cause local stress concentration
than Al2RE and is also inclined to initiate a crack.
In conclusion, adding dual REs with an appropriate
La/Nd ratio to Mg-Al-Zn alloy can effectively improve
its performance.

4. Conclusions

This study has designed and prepared six squeeze-
-cast Mg-Al-Zn-La-Nd alloys with different La/Nd
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Fig. 8. The EDS mapping analysis of the fracture surface of Mg-Al-Zn-La-Nd alloy: (a) SEM image of Mg-Al-Zn-La-Nd
alloy; (b) Mg K; (c) Zn K; (d) Al K; (e) La L; (f) Nd L.

values and two as-cast Mg-Al-Zn-La-Nd alloys. Mi-
crostructures and mechanical properties of squeeze-
cast alloys have been discussed. The conclusions can
be summarized as follows:
1. The grain size and the area friction of Mg17Al12

phase in squeeze-cast Mg-Al-Zn-La-Nd alloys change
with increasing La/Nd value. As the La/Nd value
increases from 0/0 to 3/2, the grain size decreases

remarkably at first and then increases. When the
La/Nd value is 2/3 and 1/1, the average grain size
and Mg17Al12 area fraction of the alloy are minimum.
2. The XRD analysis results reveal that the La/Nd

value significantly affects phase content, especially the
change of phases at the scanning angle of 33.47◦ and
33.92◦. With the increasing La/Nd value, the peak
with scanning angles of 33.47◦ corresponding to (033)
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plane reflection of Al11La3 increases, and the peak
with the scanning angle of 33.92◦ corresponding to
(130) plane reflection of Al11Nd3 decreases.
3. Both the Vickers hardness and the compression

properties increase firstly and then decrease as the
La/Nd value increases from 0/0 to 3/2. When the
La/Nd value is 2/3, the Vickers hardness and high-
temperature compressive property reach their peaks
(82.15 HV and 346.55MPa, respectively). The alloy
with peak room temperature compressive property is
the alloy with a La/Nd value of 1/1.
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