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Abstract: (Ti,Al,La+AlTi)/Al-7Si composites rich in Ti,Al, La and ALTi reinforcement phases were prepared by the melt blending
method. The influence of the addition amount of Al-Ti-La alloy on the microstructure, mechanical properties, and wear resistance of
the composites was analyzed. Results reveal that the (Ti,Al,j)La+ALTi)/Al-7Si composite (adding 10wt% Al-Ti-La alloy into the Al-
7Si alloy) is composed of fine a-Al grains, short rod-like eutectic Si, and blocky ALTi and Ti,Al, La phases. The tensile strength,
elongation, and hardness of the composite are 176.9 MPa, 11.62%, and 73.2 HV, increased by 13.4%, 57.0%, and 26.2% compared
with those of the Al-7Si alloy, respectively. It is suggested that the (Ti,Al, La+Al,Ti)/Al-7Si composite exhibits relatively high
plasticity. Furthermore, the wear resistance of the composites is increased by 20.1%. The performance enhancement is attributed to

two key mechanisms. One is the formation of ALTi transition layer at the interface between the ALTi reinforcement phase and the
aluminum matrix, which establishes a semi-coherent relationship with ALTi phase. The other is the adsorption of element Si by
element La within the Ti,Al,La reinforcement phase, leading to Si enrichment at the edges of the Ti,Al, La phase and thereby

forming a semi-coherent Si layer.
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1 Introduction

Metal matrix composites (MMCs) have attracted
considerable attention due to their excellent mechanical,
thermal, and electrical properties’ . In comparison with the
traditional alloys, MMCs are generally characterized by
superior strength-to-mass ratios and performance-to-cost
ratios”. They also have the advantages of low density, high
strength, and good toughness. MMCs are
considered as lightweight high-performance materials .
Traditional ceramic reinforcements, such as boron carbide
(B,C), silicon carbide (SiC), alumina (Al,O,), and carbon-
based reinforcements, i. e., carbon nanotubes (CNTs) and

graphene, have been used to improve the mechanical

Therefore,

properties and to strengthen the aluminum-metal matrix

composites. Yang et al® prepared (SiO,+ALO,)/Al-7Si
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composites and found that the increase in SiO, and ALO,
contents in the composites increases the tensile strength and
hardness of the material, but the generated pores affect the
elongation. Shah et al” found that TiB, has a significant
enhancement effect on the strength and hardness of A356
alloy, but the elongation enhancement of the composites is not
significant. Hence, the concern is that the addition of
conventional reinforcing phases impairs the ductility and
fracture toughness of aluminum-based matrix composites™'".
However, rare earth elements have a positive effect on the
plasticity and mechanical properties. Sharma et al'" prepared
(Ce0O,+SiC)/6061A1 composites by stir casting process, and
the results showed that after the addition of 2.5wt% CeO,, the
tight interfacial bonding between cerium oxide and aluminum
matrix increases the tensile strength from 30 MPa to 123 MPa,
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and the hardness is increased by 33.8%. Sharma et al"” also
added 6wt% SiC and 2wt% CeO,*La,0, to 6061Al composite
by stir casting process, and the results showed that the
addition of rare earth oxides greatly improves the tensile
strength and elongation of the material, and the wear
resistance is increased by 89.40%. Besides, aluminum matrix
composites are widely used in the manufacture of mild steel
bearings, such as gear parts, brake drums, piston tops,
crankshafts, and cylinder blocks, due to their outstanding wear
resistance!”. Shivamurthy et al"¥ studied the dry friction and
wear properties of A356 aluminum alloy and aluminum
matrix composites reinforced by 10wt% — 20wt% SiC,
particles. The results showed that the addition of SiC,
reinforced particles significantly improves the wear resistance
of A356 alloy, and with the increase in volume fraction of
SiC, reinforced particles, the wear rate is decreased and the
wear resistance is improved.

As for the rare earth elements, the investigation of the
relationship between La atom radius and orientation shows
great research potential of low-cost La for the refinement and
transformation of aluminum alloys™. Xu et al"®' demonstrated
that the addition of the trace addition of element La can
transform the ALTi crystal structure of DO,, type into a cubic
structure, thereby increasing the fracture toughness of the
modified composite material by 143.75%. Peng et al'”
reported that Ti,Al,La exhibits superior fine-grain
strengthening properties and refinement efficiency in
comparison to ALTi. Ding et al'¥ prepared a novel Al-Ti-La
master alloy, which is rich in Ti,Al,,La phase, and the
Ti,Al,)La phase exerted a substantial fine-grain strengthening
effect on Al-Si alloys. The fracture mode transitioned from
transgranular to intergranular fracture, resulting in a 104.8%
increase in elongation. It is suggested that Al-Ti-La alloys
possess considerable potential for the strengthening of
hypoeutectic Al-Si alloys. This suggestion is primarily
attributed to the active effect of the rare earth element La,
which is released from the Ti,Al, La phase, on eutectic silicon.
Conversely, the Ti,Al, La phase within the Al-Ti-La alloy has
the capacity to refine the grains, thereby significantly
enhancing the overall properties of the material.

Therefore, in this research, the melt blending method was
used to prepare (Ti,Al, La+AlTi)/Al-7Si composites, which
are rich in Ti,Al,)La and ALTi reinforcement phases. The
microstructure, mechanical properties, and wear resistance of
the composites were investigated.

2 Experiment

The raw materials used in this study were industrially pure
aluminum, Al-10Si, aluminum powder, titanium powder, and
lanthanum blocks. The Al-Ti-La alloy was firstly prepared by
in-situ synthesis based on the method in Ref.[18]. The raw
materials of pure aluminum, Al-10Si, and Al-Ti-La master
alloy were cleaned, weighed, and then placed into a crucible.
The addition amount of Al-Ti-La master alloy was chosen as
0.0wt% , 7.7wt%, 10.0wt%, 12.5wt%, 16.7wt%, 25.0wt%,
33.4wt%, and 50.0wt%. The designation and composition of

all samples in this research are listed in Table 1.

The matrix material was melted using a silicon carbide
resistance furnace with the temperature maintained above
720 °C in order to compensate for the heat loss during stirring
and to improve wettability and pouring performance.
Subsequently, the reinforcement material (Al-Ti-La alloy) was
preheated in a drying oven at approximately 200 °C for about
1 h. This preheating process is essential for removing the
residual moisture, thereby enhancing the wettability between
the reinforcement material and the matrix.

After thorough stirring, the molten mixture was cooled to
700 °C and cast into a metal mould with 80 mm in length and
10 mm in diameter. Then, it was preheated at 200 °C for 30
min and cooled naturally to room temperature. The mixing
and casting processes are illustrated in Fig.1.

The sample was polished using SiC sandpaper of 320#,
400#, 800#, 1000#, and 2000# in turn. Then, the sample was
polished by diamond grinding paste with particle size of 3, 1,
and 0.25 um to obtain a mirror finish.

The microhardness of the sample was tested using a Wilson
VH1102 microhardness tester. The prepared macroscopic
round sample was ground and polished until no scratches were
visible, and the requirements were the same as the ones for the
preparation of metallographic samples. Take 10 measurement
points with equal intervals on the surface of each sample for
hardness testing. The load was 0.1 HV, and the loading time
was 30 s. Then, after removing the lowest and highest
hardness values, the average value of the remaining 8§
hardness values was used for analysis to reduce errors and to
obtain the Vickers hardness value of the material.

According to GB/T228. 1-2010 standard, the rod-shaped
sample was processed into a specific tensile test specimen, as
shown in Fig.2. The mechanical properties were tested on an
AG-10TA electronic universal testing machine at a tensile rate
of 0.5 mm/min. At least three tensile tests were performed on
each group of tensile specimens, and the average value was
taken as the tensile result for analysis. After the sample was
broken, it was placed in a centrifuge tube containing alcohol
to prevent oxidation from the air, so the fracture surface could
be kept for the subsequent observation by scanning electron
microscope (SEM).

The tribological properties were evaluated under dry sliding
conditions using a multi-function reciprocating tribometer

Table 1 Designation and composition of samples (wt%)

Sample Al-Ti-La Ti La Si Al
0# 0.0 0.00 0.00 7.00 Bal.
1# 7.7 0.23 0.34 6.46 Bal.
24 10.0 0.30 0.43 6.30 Bal.
3# 12.5 0.38 0.54 6.12 Bal.
4# 16.7 0.50 0.73 5.83 Bal.
St 25.0 0.75 1.09 5.25 Bal.
6# 334 1.00 1.45 4.66 Bal.
TH# 50.0 1.50 2.18 3.50 Bal.
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Fig.2 Schematic diagram of tensile test specimen

(Multi Function Tribometer MFT-5000). The tribological
analysis employed a 45-type steel ball with 6 mm in diameter
as the upper sample. The tribological test was conducted at the
load of 5, 10, 15, and 20 N with a sliding frequency of 2 Hz
and a total sliding distance of 3000 m. The tribological test
was conducted at room temperature. After each test, the table
was fixed again, and a new upper pattern was used to
eliminate any wear debris that might adhere to the disc or
sample. Before each test, the upper pattern was examined to
ascertain the effective contact between the upper pattern
surface and the steel disc. The objective of this investigation
was to examine the effects of the content of Al-Ti-La
intermetallic compound and the applied normal load on the
friction coefficient of materials.

The experiment employed a Bruker D8 X-ray
diffractometer (XRD) to analyze the potential phases in the
sample. Cu Ka radiation (41=0.154 156 nm) was used in the
experiment with acceleration voltage of 40 kV, emission
current of 100 mA, scanning speed of 4°/min, diffraction
angle (26) range of 20°-90°, and scanning step of 0.02°. The
experiment data were processed using the professional
software Jade 9 for qualitative phase analysis. The obtained
diffraction peaks were then compared with the standard PDF
card to identify the relevant phases. In this experiment, the
microstructural characteristics of the composites modified by
Al-Ti-La alloy of different contents were observed using an
Axio Scope Al optical microscope (OM). To perform
qualitative and quantitative analyses of specific small areas
and strengthening phases, a Quanta FEG-450 field emission
SEM and a Tescan Mira 3 field emission SEM were used.
Both SEMs were

equipped with energy dispersive

spectrometer (EDS). The Nano Measurer 1.2 was used to
determine the dimensions of a-Al and eutectic Si. The average
grain size of a-Al was calculated as [(L,+L,+L,+L,)/4+-----
+(L AL, L, tL, s tL, )/4]/n, and the average size of eutectic
Si was calculated as (L' +L',+-+---- +L' )/n, where L is the grain
size of a-Al, L' is the grain size of eutectic Si, and the
subscript n (n=1, 2, 3------ ) is mark number. Fig.3 shows the
schematic diagram of grain size measurement.

3 Results and Discussion

3.1 Phase composition and microstructure of composites

Fig.4 shows XRD patterns of 0#—7# samples. It can be seen
that the primary secondary phases of 1#-7# samples are AL Ti,
Ti,Al,,La, and a minor amount of Al La,.

Fig.5 shows OM microstructures and grain size of a-Al of
0#—7# samples. Fig.5a displays OM microstructure of Al-7Si
alloy (0# sample). The a-Al in the Al-7Si alloy exhibits a
petal-like  morphology with comparatively substantial
dendrites. It is widely acknowledged that the anisotropic
growth of petal-like o -Al has the potential to exert a
deleterious effect on the mechanical properties of material”.
After the addition of Al-Ti-La alloy, the morphology of a-Al
changes significantly. The majority of the large dendrites are
transformed into fine equiaxed grains and some small
dendrites, as illustrated in Fig. Sb—5h. In the 0# sample, the
spacing of the secondary dendrite arms (grain size) of a-Al
reaches 56.1 pum. With the addition of the Al-Ti-La alloy,

some a-Al is transformed into fine equiaxed crystals, the grain

Fig.3 Schematic diagram of grain size measurement
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Fig.4 XRD patterns of 0#-7# samples

size of a-Al is decreased, and the smallest grain size of a-Al
reaches 25.7 um. For the 2# sample, the a-Al has a length of
31.6 um. This phenomenon can be attributed to the refining
effect of Ti,Al,La and ALTi phases, which act as
heterogeneous nucleation sites. Additionally, some Ti,Al,La
phases dissolve, resulting in La atoms accumulating at the
edges of the a-Al growth dendrites. This phenomenon further
inhibits the growth of a-Al and refines the grains. This finding

is consistent with the conclusions from Ref. [20 — 21].
Furthermore, with the increase in Al-Ti-La alloy content, the
size of the Ti,Al,La phase is gradually increased from the
initial value of about 5 pum to about 100 um, as shown in
Fig.5f—5h. The refinement effect is markedly deteriorated with
the increase in Ti,Al,La phase size®.

Fig.6 shows SEM microstructures and grain size of eutectic
Si of 0#—7# samples. The eutectic Si in the 0# sample is
characterized by the predominance of coarse slabs and sharp
needles, presenting the potential to
concentration, leading to the formation of crack sources, and

induce  stress
exerting a cutting effect on the matrix. This effect is evident in
Fig. 6a. With the increase in Al-Ti-La alloy content, the
eutectic ~ Si  undergoes a  significant metamorphic
transformation from the initial needle-like shape with a length
of 17.00 um to a rod-like shape with a length of 3.44 um, as
depicted in Fig.6a—6h. For the 2# sample, the eutectic Si of
rod-like shape has a length of 8.78 pm. This is primarily
because some Ti,Al,)La phases cannot easily dissolve in the
o-Al phase and eutectic Si phase. Furthermore, the atomic radius
and relative atomic mass of La are greater than those of Al and

Si atoms. As a result, the La atoms distributed at the

2% 3# A#
Sample

Fig.5 OM microstructures of 0# (a), 1# (b), 2# (c), 3# (d), 4# (e),5# (f), 6# (g), and 7# (h) samples; grain sizes of a-Al in 0#-7# samples (i)
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solidification front inhibit the growth of Si™”. Furthermore, it
is observed that with the increase in Al-Ti-La alloy content,
the size of Ti,Al,)La phase in the (Ti,Al,La+ALTi)/Al-7Si
composite is also gradually increased, as demonstrated in

curves of 0#—7# samples, and Table 2 shows the mechanical

properties of 0#—7# samples. It can be seen that the 0# sample

exhibits a ultimate tensile strength of 156.0 MPa, an

Fig. 6f—6h. Qiu et al® reported that the presence of larger

secondary phases is associated with the increased propensity
for crack formation due to stress concentration.
3.2 Mechanical properties and fracture mechanism of

composites

The mechanical properties of hypoeutectic Al-Si-based

composites are governed by two critical factors. One is that

elongation of 7.40%, and a hardness of 58.0 HV. The 2#
sample (containing 10wt% Al-Ti-La alloy) exhibits the highest
elongation and ultimate tensile strength, reaching 11.62% and
176.9 MPa, respectively. Compared with those of 0# sample,
the ultimate tensile strength and elongation of 2# sample
increase by 13.4% and 57.0%, respectively. The hardness of
the 2# sample is 73.2 HV, which is increased by 26.2%,
compared with that of 0# sample. In order to more accurately

the grain sizes of eutectic Si and a-Al play a significant role.
Compared with sharp needle-like eutectic Si, round granular
eutectic Si mitigates matrix cracking by reducing stress
concentration. Additionally, finer a-Al grains facilitate stress
distribution across a larger number of grains, thereby
preventing localized stress accumulation and crack initiation.
Furthermore, the tortuous and interlocking grain boundaries
effectively hinder the crack propagation. The other factor is
that the size and distribution of reinforcement phases are
equally crucial. Large-sized and agglomerated reinforcement
phases tend to act as stress concentrators, serving as potential
crack initiation sites and ultimately degrading the mechanical
performance of the materials”'. Fig.7 shows the stress-strain

180
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Fig.7 Stress-strain curves of 0#-7# samples
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measure the comprehensive mechanical properties of the
material, the quality index 0" is introduced, as follows:

O=UST+alg(EI) (1
where the parameter o is defined as 150 MPa; UTS and EI are
abbreviations for ultimate tensile strength and elongation,
respectively. The quality index Q of each sample can be
calculated, and the results are demonstrated in Table 2. It can
be seen that the quality index Q of 2# sample is the highest as
336.6 MPa, which is 17.6% higher than that of 0# sample
(286.3 MPa).

Fig. 8 presents the tensile fracture surfaces of 0#, 1#, 2#,
and 7# samples. As shown in Fig.8a, the 0# sample exhibits
prominent elongated dimples and extensive cleavage facets,
indicating a predominantly brittle fracture mode. This
behavior arises from stress concentration at coarse eutectic Si
particles, which act as preferential crack propagation paths
through transgranular fracture™. The introduction of a minor
content of Al-Ti-La alloy results in reduced cleavage plane
and shortened dimple lengths (Fig. 8b), suggesting partial

Table 2 Mechanical properties of 0#-7# samples

Elongation/ Ultimate tensile Hardness/ Quality index,

Sample

% strength/MPa HV O/MPa
0t 7.40 156.0 58.0 286.3
1# 10.74 165.3 72.5 319.9
2# 11.62 176.9 73.2 336.6
3# 9.37 172.5 74.2 318.2
4# 9.43 168.0 75.0 314.1
S# 5.47 146.3 72.5 256.9
6# 4.12 152.7 73.1 2449
T# 5.45 147.1 75.0 257.5

suppression of brittle failure mechanism. Notably, the 2#
sample shows a mixed fracture mode characterized by tear
ridges and equiaxed dimples (Fig. 8c), reflecting enhanced
ductility through refined eutectic Si and improved interfacial
bonding. Conversely, excessive Al-Ti-La addition degrades
mechanical performance due to the agglomeration of
Ti,Al,La phase (Fig.8d). The yellow dashed region highlights
the crack initiation phenomenon at the clustered Ti,Al,La
particles, while blocky dimples further infer the localized
stress concentration and premature fracture at the phase
boundaries.

Fig.9 shows cross-section and longitudinal-section fracture
surfaces of 6# sample and corresponding EDS analysis results.
The phase at the bottom of the pit (point 1 in Fig. 9a) is
identified as Ti,Al, La phase with the Ti:Al:La ratio of 2:20:1.
EDS analysis result at point 2 in Fig. 9c demonstrates the
presence of a substantial quantity of Ti,Al,La phase. The
combination of the characteristics of cross-section and
longitudinal-section of the tensile fracture of 6# sample
indicates that during the tensile process, the coarse Ti,Al,,La
phase is prone to stress concentration and crack generation.
Furthermore, excessive stress concentration causes the
formation of microcracks within the Ti,Al, La phase.

3.3 Wear resistance of composite materials

Fig. 10 shows the confocal wear trace profiles and
coefficient of friction (COF) curves under normal load of 20 N
of 0# and 2# samples. It can be seen that the 0# sample
displays a wear scar with depth of 152.2 um, while the 2#
sample demonstrates a significantly reduced depth of 121.3
um, corresponding to a 20% enhancement in wear resistance.
This improvement can be attributed to the refined
microstructure and effective load-bearing capacity of the

Fig.8 Tensile fracture surfaces of 0# (a), 1# (b), 2# (c), and 7# (d) samples
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reinforcement phases.
pronounced fluctuations of COF curve (0.600—0.850) with an
average COF value of 0.725,

interfacial interactions during sliding. In contrast, the 2#

Besides, the 0# sample exhibits

indicating the unstable

sample shows a relatively stabilized COF curve (average COF

value of 0.620) with minimal amplitude variation, suggesting
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the enhanced interfacial compatibility and reduced localized
stress accumulation. These results jointly indicate the superior
tribological performance of the composite system.

However, when the Ti,Al,La phase becomes coarser, its
bonding with the matrix significantly weakens. During the

wear process, particularly under fatigue wear or high-load
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Fig.10 Confocal wear trace profiles (a—b) and COF under normal load of 20 N (c—d) of 0# (a, c) and 2# (b, d) samples
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conditions, these phases may fracture due to their brittleness
or detach entirely from the matrix, thereby accelerating the
wear process’”.

3.4 Analysis of strengthening mechanism

Transmission electron microscope (TEM) coupled with
selected area electron diffraction (SAED) analysis was used
for further analysis. Fig.11a—11b show TEM images of AL, Ti
phase and ALTi transition layer in 2# sample, respectively.
The interface between Al Ti phase and the aluminum substrate
can be observed in Fig.11a. According to EDS analysis results
in Table 3, the materials at points P4, P5, and P6 are identified
as the ALTi phase, aluminum base material, and eutectic Si
phase, respectively. Fig. 11b demonstrates the presence of a
transition layer at the interface between ALTi and the
aluminum matrix. Fig. 11c illustrates SAED pattern of the
transition layer, thereby confirming the presence of ALTi.
According to Fig.11d, the (002) crystal plane spacing of ALTi
phase is 0.4113 nm, while the corresponding ALTi (111)
lattice spacing of the transition layer is 0.2070 nm. These two
spacing results show a 2: 1 relationship, i.e., the transition
layer and ALTi show a half-coherent relationship. This is
primarily attributable to the substantial internal stress at the
interface between AL Ti and the aluminum substrate during the
high-temperature preparation stage, leading to the formation
of dislocation defects and lattice distortions. Pang et al™
found that a nanoscale ALTi transition layer significantly
improves the elongation and shear strength. Furthermore,
Pu”” and Lu™ et al demonstrated that the formation of a

200 nm

51/nm Z=[211]ALTi

Table 3 EDS analysis results of points P1-P6 in Fig.11-Fig.12

(at%)

Point Al Si Ti La
P1 64.04 11.79 24.17 0.00
P2 99.45 0.39 0.17 0.00
P3 4.84 94.96 0.20 0.00
P4 99.49 0.37 0.07 0.07
P5 64.99 34.89 0.03 0.09
P6 85.44 0.00 9.63 4.93

transition layer enhances the interfacial bonding strength
between ALTi and the
maintaining  the

aluminum substrate, thereby

structural  stability and significantly
improving the mechanical properties of the materials.

Fig. 12 shows the microstructure of the interface between
the Ti,Al,)La phase and the aluminum matrix. A clear
enrichment of Si can be observed at the interface between the
two phases. Shibata et al”®” reported that the element La
possesses specific adsorption sites capable against adjacent Si.
Consequently, Si near the interface between the Ti,Al,La
phase and the aluminum matrix exhibits a tendency to be
enriched in the marginal region. As shown in Fig.12, the (100)
crystal plane of the Si layer exhibits semi-coherence with the
(11T) crystal plane of the Ti,Al,,La phase. Kuang et al®”
reported that the semi-coherent interface provides optimal

lattice matching and enhances the interfacial bonding. This is

11
Transitionylayer
1 1

o
2N
d=04113nm "/
(002) ALTi

Fig.11 TEM images of AL,Ti phase (a) and ALTi transition layer (b) in 2# sample; SAED pattern of ALTi transition layer (c); high-resolution

TEM microstructure and corresponding inverse fast Fourier transform pattern of ALTi transition layer (d)
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the primary reason for the effective contact between the rare-
earth strengthened phase and the matrix interface. The
enhanced interface contact facilitates the effective load
"1 mitigates stress concentration, and reduces the
shedding of the strengthened phase during friction and

[34

transfer”
wear™. Consequently, the enrichment of Si at the Ti,Al,La
phase interface enhances the toughness and wear resistance.

4 Conclusions

1) When 10wt% Al-Ti-La alloy is added to Al-7Si alloy, the
eutectic Si in the prepared (Ti,Al, La+Al Ti)/Al-7Si composite
is transformed from a needle-like structure of 17.00 um in size
to a rod-like structure of 8.78 pm in size. Furthermore,
the a-Al is refined into equiaxed and columnar crystals of the
smallest length of 31.6 um, and the Ti,Al,La and ALTi
strengthening phases are distributed in the matrix. However,
when the Al-Ti-La content is excessively high, the large-scale
Ti,Al,La phase remaining in the alloy can lead to stress
concentration and the formation of microcracks, which are

detrimental to the material properties.

2) The grain refinement strengthening effect, secondary
phase strengthening effect, and microstructure improvement
effect of Ti,Al,,La and ALTi phases greatly improve the
mechanical properties of the composites. In comparison with
those of the Al-7Si alloy, the tensile strength, elongation, and
hardness of the (Ti,Al,)La+ALTi)/Al-7Si  composite
containing 10wt% AIl-Ti-La alloy are enhanced by 13.4%,
57.0%, and 26.2%, respectively. The composite exhibits high
strength and plasticity. In comparison with Al-7Si alloy, the
composite demonstrates a 20% enhancement in wear
resistance.

3) The high interfacial energy at the boundary between the
reinforcement phase AlL,Ti and the aluminum matrix leads to
the lattice distortion, forming a transition layer that is semi-
coherent with the ALTi phase. Furthermore, the element La
enhances the adsorption of Si by the Ti,Al, La reinforcement
phase, leading to the accumulation of Si at the edge of the
Ti,Al,,La phase and the formation of a semi-coherent Si layer.
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(Ti,Al,La+ALTi)/AI-7Si E EMRR EREBR . HF MR E 14 e
ZE?, RRE, TARY, BENL, RiEgE, e’
(1. ZINBET RS W04 SR, Hilt 24 730050)
(2. ZEJNFR TR AR S IL AT (0 4R S 3N T 5 F R B 5 S sah s, HIR 220 730050)
G. W ER AR FEAF, Hil FE04¢ 735100)

OB RAVARCER % T S TLALLa A ALTI S8 AH (T, AL Lat+ ALTI)/AL 7SI & & 448E, BFFE T R IF AL-Ti-La & G It &2 444
BHORIALLL, Jr kR i BEPERE MRS W . S5 FR W ) AL7Si A 42 I 10wt% AL-Ti-La 75 4218 2 1(Ti,Al La+ALTi)/Al-7Si E 444
BN/ a-Al SR HHOIRIE & Siv HUR ALT & Ti, Al La MFTA B . A FHRN DR MR E . @SR #5518 176.9 MPa.
11.62%+ 73.2HV, HAL7Si&aMtL, 2HHRE T 13.4%. 57.0%. 262%, BB ERRBYE, AN AR BB T
20.1%. EAMRMEREREARTI W T TSR 2R . — 2 TRl AL T SH AL AR T ALTISER, HiZdEZES ALTI 2
ISR, AT, SAGA T, AL Lah ) La G R AR T Sin K, SRS TUE & AL TLAL LablidZ, TERCEILHAISIZ.
XKGEA: HIEEMEL ALTi-La&d: J12FUERe: MR

EE A =RE, B, 199144, 1, 2NEIT RS E 5850, Bl 221 730050, E-mail: an_jzh@lut.edu.cn



