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The properties and microstructure of composites are closely related to the evolution of interface bonding.
In this study, the microstructure of Ti;AlC/Mg matrix composites with double-scale three-dimensional
network was studied. The composites presented a three-dimensional network at macro and micro scales,
and the matrix and reinforcements were connected with each other. The mechanical properties and dam-
ping properties of Ti,AIC/Mg matrix composites and magnesium alloy matrix with double-scale three-
dimensional network were tested. In addition, according to the basic properties of Ti2AIC/Mg ceramics
and AZ91D magnesium alloy, the equivalent modulus of three-dimensional network Ti,AlC/Mg matrix
composites at micro scale was predicted by finite element method. The conclusions were as follows: (1)
The ultimate flexural strength of the composites was about 10% higher than that of the matrix magnesium
alloy, and the ability to maintain strength was greatly improved compared with that of the matrix mag-
nesium alloy. (2) Using the extracted information, the equivalent modulus of the composite microscopic
model was calculated to be 31.26 GPa, which is consistent with the experimental results. It provides data
and theoretical support for similar research.

Keywords: Double-scale three-dimensional network; Ti2AIC/Mg matrix composites; Magnesium alloy; Compre-
hensive performance

1 Introduction introduction of TiC can improve the damping perfor-
mance of matrix materials, and two damping peaks ap-
peared in the damping-temperature spectrum of com-
posites. WU et al. [8-9] found a similar damping phe-
nomenon in magnesium matrix composites added
with graphite particles. The damping performance of
magnesium matrix composites was not advantageous
at room temperature, but obviously supetior to that of
matrix materials at high temperature. GU et al. [10]
studied the damping behavior of SiC particle reinfor-
ced magnesium matrix composites coated with Cu.
The results show that the low temperature damping
performance of magnesium matrix composites was
lower than that of pure magnesium, but the high tem-
perature damping performance was obviously impro-
ved. The activation energies of the two damping peaks
in the damping-temperature spectrum are calculated
to be 1.07 eV and 0.9 eV, respectively.

Different from the common ceramic reinforcing
phase, the ternary MAX phase developed in the past
ten years has the characteristics of both metal and ce-
ramic, and has good damping performance. It is ex-
pected to become an ideal reinforcing phase for high-

o 1 performance damping metal structural materials.
tes at room temperature was 34% h1gher than that of BARSOUM [11-12] systematically studied the ben-
pure magnesium. The in-situ synthesis of TiC reinfor- di i lasti . .

. : . ) ing non-linear elastic deformation mechanism of
ced magnesium matrix composites has been studied

by the researchers in [6] and [7]. They found that the

Magnesium and magnesium alloys as one of the
best damping metal structural materials have a series
of advantages such as low density high specific stren-
gth strong damping vibration and noise reduction
good electromagnetic shielding rich resources and
easy to recycle. Itis expected to meet the great demand
of light weight, high performance and high damping
metal structural materials in military and civilian fields
such as weapons and equipment, acrospace and trans-
portation equipment [1-2]. However, the damping of
magnesium alloys at room temperature is mainly
caused by dislocation mechanism [3-4]. So the contra-
diction between damping properties and mechanical
properties has not been well solved.

At present, TiC, SiC, AbOs and other ceramic re-
inforcing phases are generally used in magnesium-
based damping composites. Ceramic body mainly pro-
vides reinforcement, while magnesium matrix mainly
provides damping performance. SRIKANTH et al. [5]
added nano-AlOj particles to pure magnesium. When
the content of nano-ALOs particles was 0.4%, the
damping performance of magnesium matrix composi-
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Ti2AIC/Mg, and believed that kinkbands and delami-
nation were the main mechanisms for this kind of ter-
nary MAX phase to have certain ductility. ZHANG
[13] prepared (AIN + MgSi)/Mg Mg matrix compo-
sites reinforced by AIN particles and Mg»Si particles
by in-situ synthesis. The effect of reinforced particle
size on damping properties of magnesium matrix
composites at room temperature was studied. Troja-
nova et al. [14] used squeeze casting method to rein-
force AX41 magnesium alloy with Saffil short fiber
(alumina short fiber). Finally, ALO3/AX41 magne-
sium matrix composite with Saffil short fiber content
of 20% was prepared. The experimental results show
that the damping performance of the composite rea-
ches the best at 310°C. However, when the tempera-
ture was higher than 310°C, its damping performance
decreased with the increase of temperature.

AZ91D is a kind of Magnesium alloy with excellent
damping performance, but its low strength and easily
deformation at high temperature have always been ob-
stacles to its applications. Ti,AIC/Mg, which was re-
ported as a promising reinforcement material, has per-
fect mechanical properties and good damping perfor-
mance. It can be totally believed that if the Ti,AIC/Mg
reinforcement phase was introduced into the AZ91D
magnesium alloy matrix and formed with macrosco-
pic-microscopic  double-scale  three-dimensional
network structure, a composite material with excellent
damping-strength comprehensive properties can be
obtained. At present, there are not many researches on
Ti2AlIC/Mg -based composite materials with three-di-
mensional network structure. SHAHRAM et al. [12]
fabricated 50% Ti2AlIC/Mg reinforced three-dimensi-
onal network Ti,AIC/Mg composites. It was verified
that the composite had good combination of mecha-
nical properties and damping properties. The compo-
site material had incomparable damping performance
at 500 MPa level than other crystal materials. Although
three-dimensional network magnesium matrix com-
posites have great application prospects and research
value as new lightweight and high performance
structural damping materials, their synthesis process,
microstructure control, damping generation and
coupling mechanism still need to be further studied.
In this study, TixAIC/Mg (MAX phase) was introdu-
ced into AZ91D magnesium alloy to prepare
Ti,AIC/AZ91D composite with macroscopic-micros-
copic  double-scale three-dimensional network
structure. The relationship between mechanical pro-
perties, damping properties and microstructure of the
composite was studied, and the strengthening and
damping mechanism of the composite was analyzed.

2 Methods and materials

The molten metal infiltration method is widely

used in the preparation of metal matrix composites
[15-16]. The magnesium liquid infiltration method is
not only reliable and stable, but also easy to tun the
properties. Therefore, the Ti,AlIC/Mg mattix compo-
sites with double-scale three-dimensional network
were prepared by infiltration method.

2.1 Theotetical behavior analysis of Ti2Al1C/Mg
interface wetting

The key of molten metal infiltration is the wettabi-
lity between liquid metal and ceramics. During the
whole infiltration experiment, the metal experienced
solid-liquid-solid changes. Porous ceramics also expe-
rienced expansion-contraction changes. In the
microstructure of TiAlC/Mg double-scale porous ce-
ramic skeleton, there are not only micro-pores with di-
fferent shapes, but also criss-crossing voids. These
gaps are similar to capillaries, which are important
ways for magnesium liquid to enter the microscopic
pores of ceramic skeleton, as shown in Fig. 1.

Gas phase

Solid phase Solid phase

Liquid phase

Fig. 1 Surface tension diagram between gas phase/ liguid
phase/ solid phase at microscopic gap

During the infiltration process, when the magne-
sium liquid passes through the microscopic gap, the
magnesium liquid will flow in the gap wall under the
action of capillary force. If the magnesium liquid
shows good wettability between the ceramic and the
magnesium liquid, the capillary force is the motive
force for the magnesium liquid to penetrate into the
microscopic pores, and increases with the enhance-
ment of wettability. If there is poor wettability
between the two, the capillary force is the resistance
of magnesium liquid to penetrate into microscopic po-
res.

The gap was equivalent to a capillary tube, as
shown Eq. (1) [17]:

_ 4y, cost
d

F ©)

Where:
d ... The diameter of the capillary tube.

From Eq. (1), it is easy to know that capillary force
is affected by wetting angle, surface tension between
liquid phase and solid phase, and capillary diameter.

When the experimental temperature reaches the
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melting point of the metal, the metal is molten and the
porous ceramic is solid. Therefore, it can be equivalent
to a dynamic model of the movement of liquid in a
solid porous medium, as shown in Eq. (2) [18].

L:l fydcos&t ©
T n
Where:

L ...The infiltration depth,
7 ... The surface tension of liquid droplets on the

solid,
d ...That diameter of the capillary tube in the

solid,
n7 ... The kinematic viscosity between liquid and
Tab. 1 Parameters of infiltration process in atmosphere.

solid,
¢ ... That residence time of the liquid in the solid
hole.

2.2 No pressure and negative pressure assistance
under atmosphere conditions.

The prepatration of ceramic phase reinforced mag-
nesium matrix composites by pressureless infiltration
has the advantages of simple process and strong ope-
rability. In this study, six groups of experimental
groups with the highest infiltration temperature and
the holding time at the highest temperature increasing
item by item were set up. The specific parameters and
results were shown in Tab. 1.

Highest tempera- Vacuum degree

Heat preservation time

No. ture /°C /Pa Jmin Results
1 590 1.01x10° 10 Incomplete melting
2 620 1.01x10° 20 melted but poor infiltration
3 650 1.01x10° 30 Melted but poor infiltration
4 680 1.01x10° 40 Melted but not completely infiltrated
5 710 1.01x10° 50 Melted but not completely infiltrated
6 740 1.01x10% 60 Melted but not completely infiltrated

For the Tab. 1, when the temperature in the fur-
nace reaches about 590°C, the magnesium alloy starts
to melt, but the magnesium alloy was hardly infiltrated
into the ceramic plate. Therefore, the highest infiltra-
tion temperature should be higher than 590°C. Howe-
ver, when the highest temperature in the furnace rea-
ches 680°C and the holding time was more than
40min, the infiltration effect of magnesium alloy on
porous ceramic plates did not increase much with the
increase of the highest furnace temperature and hol-
ding time. Therefore, the influence of auxiliary nega-
tive pressure on infiltration was further studied.

For the infiltration experiment under atmosphere
conditions, it can be seen that the wetting of
TiAlC/Mg ceramics by Mg undet argon conditions

Tab. 2 Parameters of negative pressure assisted infiltration process.

was not ideal. For Eq. (3) of infiltration capillary force
principle, it can be seen that under negative pressure,
the pressure inside the ceramic microscopic pores will
be greatly reduced, which was very beneficial to the
infiltration of magnesium liquid. Considering that
magnesium liquid was easy to vaporize under too high
negative pressure, only a short negative pressure was
applied after the heat preservation and before solidifi-
cation occurs. The highest infiltration temperature
was 720°C, the infiltration time was 50min, and the
final vacuum degree was 0.41 X 103 Pa. Then, five
groups of infiltration pressures were set, and the expe-
rimental groups with different temperature values
were extracted in the negative pressure furnace. The
specific parameters and results were shown in Tab. 2.

No. Pressure Extraction negative pres-  Vacuum de- Results
/MPa sure temperature /°C gree /Pa
1 0.2 590 0.41x103 Partial contact
2 0.4 620 0.41x103 Holes
3 0.6 650 0.41x103 Partial disappeared but successful infiltration
4 0.8 680 0.41x103 Partial disappearance and extrusion
5 1.0 710 0.41x103 Completely disappeared
521
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For the Tab. 2, it can be seen that the magnesium
liquid infiltration process was finally determined as
follows: under argon atmosphere and infiltration pres-
sure of 0.6 MPa, the temperature was increased from
10°C/min to 300°C, and the temperature was incre-
ased from 20°C/min to 720°C. After holding at 720°C
for 50min, the negative pressure was extracted at
640°C and kept at 0.41 X 103 Pa until the end of fur-
nace cooling.

3 Results and discussion
3.1 Characterization

(1) Macro-structural characteristics

The Fig. 2 shown a macro structure diagram of the
composite material. It can be seen that no cracks can
be seen by naked eyes in the magnesium alloy matrix
part of the composite material and the composite ma-
terial part with a three-dimensional network on the
microscopic scale. From the center of the round
matrix magnesium alloy to the four sides of the com-
posite material, there was obvious color gradual
change. The matrix magnesium had good bonding
with the macro-circumferential interface of the
surrounding materials and no pores were generated.
However, these were not enough to explain that the
magnesium liquid was fully infiltrated into the tiny ho-
les and gaps in the porous three-dimensional network
ceramic plate during the preparation of the composite
material. Therefore, it was necessary to further analyze
the microstructure characteristics of the composite
materials.

Fig. 2 Macrostructure of TioAIC/ Mg matrix composites
with double-scale three-dimensional network

(2) Microstructure characteristics

The microstructure of the composite material un-
der an optical microscope was shown in Fig. 3. It can
be seen that the structure of the composite material is
uniform. The microscopic pores of TiAIC/Mg cera-
mics were filled with AZ91D. The interface between
Ti,AlIC/Mg ceramics and AZ91D magnesium alloy
matrix was well bonded, and the interface bonding
was tight, smooth and clean, and there were no defects

such as cracks. This shown that magnesium alloy had
good wettability with TiAlIC/Mg ceramics under high
temperature and vacuum environment. In addition, it
was impossible to confirm whether there were extre-
mely small pores in Ti,AIC/Mg ceramic phase and
whether magnesium alloy infiltrates into the extremely
small pores in TiAIC/Mg ceramic phase. The
microstructure of three-dimensional interpenetrating
network was observed between Ti,AlC/ Mg ceramic
phase and AZ91D magnesium alloy phase. The
"three-dimensional intetlocking” structure between
the reinforced phase and the matrix can synergistically
enhance the mechanical properties and damping pro-
perties of the two phases, thus obtaining composite
materials with excellent damping-strength compre-
hensive properties.

Fig. 3 Microstructure of three-dimensional network
TiAIC] Mg matrix composites under microscopic microscope

In addition, no new impurity phase was found
between the two phases from Fig. 3, but a small
amount of hole defects are still found. Therefore, the
composite material is not completely dense. And these
pores are very unfavorable to the mechanical proper-
ties of the composite material.

(3) Interface structure analysis

Scanning electron microscope observation was
carried out at the microscopic interface of magnesium
alloy matrix/Ti,AIC/Mg ceramic, and the SEM image
obtained was shown in Fig. 4 (A), and the EDS line
scanning process was shown in Fig. 4 (B).

From Fig. 4 (A), it can be concluded that magne-
sium alloy successfully penetrates into the ceramic
phase along fine gaps and is widely distributed in the
ceramic phase. In Fig. 4 (B), the scanning direction
was from left to right. The left part was Ti,AIC/Mg
ceramic phase and the right part was matrix magne-
sium alloy. Based on the research results of Barsoum
et al. [19-20], it can be seen that there was not only no
new phase formation at the interface. So it can be de-
termined that the prepared composite material did not
have interfacial reaction.
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(A) Interfacial morphology of composite materials
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Fig. 4 Interface structure analysis
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Fig. 5 Results of line scanning at microscopic interface

For the Fig. 5, the main elements in the left
Ti,AlC/Mg ceramic region were Mg, Ti and Al, and
contained a small amount of element C. However, the
matrix region on the right side of the matrix magne-
sium alloy contained only Mg element. The Mg ele-
ment curve was at a high level on the right side and
drops abruptly at the interface between the matrix and
the ceramic. Finally, it reached a low level in the cera-
mic phase region and continues to fluctuate. This not
only shown that there were many fine pores randomly
distributed in the ceramic phase, but also the pore size
value distribution was uneven. It also shown that mag-
nesium alloy had successfully penetrated into ceramic
phase, which was consistent with SEM images.

3.2 Performance analysis

(1) Mechanical properties of Ti,AlIC/Mg matrix
composites.

Bending strength has important reference value for
measuring the mechanical properties of a material. In
order to study the effect of the introduction of com-
posite reinforcing phase on the mechanical properties

of matrix magnesium alloy. Bending loads were ap-
plied to the matrix magnesium alloy and different po-
sitions of the composite material (as shown in the red
circle of Fig. 6) by using the three-point bending met-
hod, and the bending properties were tested.

1 [OO OO
2[0000

Fig. 6 Different test points of composite bending experiment

Typical mechanical property curves of magnesium
alloy and composite material samples at test positions
1 and 2 shown in Fig. 6 under flexural load were
shown in Figs. 7 (a), (b) and (c). In Fig. 7(A), the ben-
ding strength of the composite material had been im-
proved by up to about 10% compared with AZ91D.
The bending load curve of the matrix magnesium alloy
risen uniformly first. When the bending load reached
the bending strength limit of the matrix magnesium
alloy, the curve suddenly dropped to the lowest level.
When the load was applied to the ceramic part, the
bending load curve of the composite sample was quite
different from that of magnesium alloy. The curve
started to rise rapidly after going through a step-by-
step process. When reaching the ultimate bending
strength, the curve shown a step-by-step downward
trend until the sample was broken. When the test site
was facing the magnesium alloy matrix, the bending
resistance line of the material sample was different
from the second half of the bending resistance line of
the No.1 composite sample.
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After reaching the bending strength limit, the curve
experienced a sudden drop and then began to climb
upward. After a considerable period of time, the curve
plummeted to its lowest level.

However, from the curves of Figs. 7(B) and (C),

even if the bending load borne by the composite ma-
terial reached its ultimate bending strength, the com-
posite material can still maintain a strength slightly
lower than the ultimate bending strength for a consi-
derable period of time thereafter.

200
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(A) Matrix magnesium alloy sample. (B) No.1 composite specimen. (C) No. 2 composite specimen.

Fig. 7 Typical mechanical curves of bending load of each sample

In order to explain the obtained test results, the
fracture surfaces of composite materials samples at di-
fferent test positions were observed by scanning
electron microscope, and the scanning positions were
shown in Fig. 8.

Fig. 8 Scanning position diagram of electron microscope

The scanning result of position C in Fig. 8 was
shown in Fig. 9 (A). It can be seen that Ti,AIC/Mg
particles were surrounded by "wave" magnesium at
the fracture surface of the composite material bent
from position C, including tear edges formed on the
magnesium alloy matrix after TiAIC/Mg particles
were pulled out of the matrix magnesium alloy, and
Ti,AlIC/Mg patticles that had not been pulled out but
had cleavage fracture themselves. This shown that the
magnesium liquid successfully penetrates into the
microscopic pores along the microscopic gaps in the
porous ceramic plate, shrinks slightly during condens-
ation and always binds tightly with Ti,AIC/Mg pat-
ticles. Due to the good ductility of magnesium alloy,

the magnesium alloy matrix distributed around
Ti,AlC/Mg particles was elongated to form tear edges
during the bending process of the composite material.
This was the reason why the composite material
shown higher strength and better ductility than the ce-
ramic phase. In addition, during the scanning of the ¢
position, a special laminated structure of TiAIC/Mg
ceramic particles as shown in Fig. 9 (B) was found.
Ti,AlC/Mg ternary MAX ceramic matetial was com-
posed of octahedral stacked T1 atomic layer and planar
structure Al atomic layer stacked at intervals. There-
fore, it was microscopically characterized as a lamina-
ted structure. As can be seen from Fig. 9 (B), the lami-
nated directions of each particle were completely di-
fferent and staggered with each other. This maked the
composite material exhibit anisotropy macroscopi-
cally. When the laminated structure was subjected to
bending stress from the stacking direction, bending
will occur and consume bending strain energy, which
can effectively resist the bending effect of external
force on the composite material.

The scanning result of position b in Fig. 8 is shown
in Fig. 10 (A). In the low-power microscopic scanning
image, it can be seen that the crack propagation path
of ceramic phase was a winding curve instead of a
straight line. This was due to the stacking and arran-
gement of Ti,AIC/Mg particles in different directions.
When the crack propagation direction was the same as
the plate-like structure of Ti,AIC/Mg granular layer,
Ti2AlC/Mg particles will delaminate along the laminar
direction, and the crack will continue to move forward
along the original direction. When the crack reached
other Ti,AlIC/Mg patticles with different directions in
the lamellar structure, the crack will first penetrate the
first few layers of the Ti,AIC/Mg granular lamellar
structure. Then, the crack will lose the ability to conti-
nue to advance in the direction perpendicular to the
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lamellar structure due to the energy dissipation effect
of lamination results. The crack will deflect and conti-
nue to propagate along the relatively easy delamination
direction of Ti,AIC/Mg particles. Further, upon
further observation of the Ti,AIC/Mg granular layer
plate-like structure at position b in Fig. 8, it was found
that the transgranular fracture layered structure had a
slight kink (Fig. 10 (B)). When the kink band was sub-
jected to slight external load, the kink band structure
will be dislocated under the action of external load, the
laminate structure will be bent and deformed, and

some layers will be separated. The dislocation
structure at this time is called the initial kink band.
When the external load on the initial kink band is too
large, it will be broken due to excessive deformation.
The initial kink band structure will only appear when
it is loaded. When it is not loaded, the structure disap-
peats. The deformation mechanism of kink band can
consume part of the strain energy brought by external
load. Therefore, it has a good contribution to the me-
chanical properties of composite materials.

(A) Magnesium alloy matrix and Ti2AIC/Mg patticles. (B) Layered structure of Ti2AIC/Mg ceramic particles.

Fig. 9 Scanning electron microscope results at fracture surface at position C

) L
10.0kV 10.3mm x100 LM(UL) 3/6/2019 20:32
(A) Crack Propagation in T1pAlIC / Mg Ceramic Phase.

1 1 1
500um

(B) Ti2AIC/Mg patticle kink band structure.

Fig. 10 Scanning electron microscope results at position b

The microscopic morphology of the fracture at a
in Fig. 8 was shown in Fig. 11. From the Fig. 11 (A),
it was concluded that the fracture microscopic image
at a shown more matrix magnesium alloy than the
fracture morphology at composite b. Form the Fig. 11
(A), Ti2AlIC/Mg ceramic was sutrounded by matrix

magnesium alloy, the structure with "wave" tear ribs
was matrix magnesium alloy, and the regular structure
with smooth plane was Ti,AIC/Mg ceramic. There
were some incompact areas between matrix magne-
sium alloy and ceramic reinforcement phase, which ca-
talyzes crack propagation.
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(B) The comprehensive fracture mechanism of No. 2 composite specimens.

Fig. 11 SEM results of fracture at position a

In order to further study the fracture mechanism
of composite material No.2 sample, the microscopic
morphology Fig. 11 (B), which can show the compre-
hensive fracture mechanism of composite material
No.2 sample, was obtained after further observation
of the fracture surface. It can be seen that the fracture
mechanism of No.2 composite material consists of
three fracture forms: ductile tearing of matrix magne-
sium alloy, fracture of TiAIC/Mg ceramic and partial
fracture of magnesium alloy/ceramic along the intet-
face. The main fracture forms of the composite mate-
rial were ductile fracture of matrix magnesium alloy
and transgranular fracture of TiAIC/Mg ceramic
plate particles perpendicular to its laminated structure.
The second was partial fracture along the interface,
and obvious cracks were generated between the
matrix/ceramic phase interface. This shown that
Ti,AlIC/Mg ceramics, matrix magnesium alloy and the
two-phase interface inside the composite can con-
sume the strain energy of the material through crac-
king.

(2) Study on damping properties of Ti,AIC/Mg
matrix composites with double-scale three-di-
mensional network.

The damping properties of double-scale three-di-
mensional network composites at 1Hz and 10Hz were

measured at different temperature points. The test
strain amplitude was 0.01 mm, the test temperature
range was 20°C~300°C, and the heating rate was 5
K/min. The obtained damping-temperature spectrum
curves at different frequencies were shown in Figs. 12
and 13.
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Fig. 12 Damping-temperature spectrunm curve of AZ91D
magnesinm alloy

For the Fig. 12, the storage modulus of AZ91D
magnesium alloy was about 21 GPa ~ 26 GPa, which
was at a relatively low level. At higher excitation
frequency, the storage modulus of magnesium alloy
was relatively higher. When the temperature risen to
about 150°C, the storage modulus of the material
decreased sharply. This was consistent with the poor
high temperature performance of AZ91D magnesium
alloy, indicating that the material was generally used in
the temperature range below 150°C. Judging from the
internal friction value, the test frequency had a great
influence on the internal friction value of magnesium
alloy. At the test frequency of 1Hz, its internal friction
value was relatively high, in the range of 0.02~0.06,
showing higher damping power compared with
common metal materials. When the test frequency was
10Hz, the internal friction value decreases significantly
and was in the range of 0.014~0.04. The damping va-
riation law of magnesium alloy was relatively consis-
tent at different frequencies, and obvious damping
peaks appear at about 100°C, showing obvious grain
boundary damping peaks. This was due to the sliding
of grain boundaries under the action of high tempera-
ture. There was a wide damping peak in the tempera-
ture range of 80°C~100°C, showing good damping
ability. When the temperature continued to rise to
150°C, the storage modulus decreased sharply due to
the softening of the alloy, while the loss factor incre-
ased significantly. The material cannot give full play to
the characteristics of high damping ability because it
cannot meet the requirements of strength perfor-
mance. On the whole, AZ91D magnesium alloy had
good potential application in the temperature range

indexced on: http:/ | www.scopus.com

526



November 2022, V'ol. 22, No. 5

MANUFACTURING TECHNOLOGY

ISSN 1213-2489

below 100°C, its internal friction value was in the me-
dium range of 0.015~0.03, and its storage modulus
was about 25 GPa.
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Fig. 13 Damping-temperature curve of donble-scale three-
dimensional network Ti2AIC/ Mg matrix composites

The damping-temperature spectrum curve of the
composite material was given by Fig. 13. In the tem-
perature range tested by the experiment, the storage
modulus of the composite material was between 31
GPa and 36 GPa, which was not only at a high level
but also did not show steep slope decline. This shown
that the addition of ceramic phase not only had good
strengthening effect, but also due to the thermal mis-
match strain at the interface. The residual internal
stress caused by this also contributes to the storage
modulus. The storage modulus of composite materials
was very close at different test frequencies, which
shown that the vibration frequency has little influence
on the storage modulus. Judging from the internal
friction value, the damping performance of the com-
posite material at 1Hz was obviously better than that
at 10 Hz. Under the test condition of 1Hz, the internal
friction value of the material was only in the lower le-
vel of 0.01~0.156, while under the condition of 10 Hz,

A Modeling

the internal friction value of the material was in the
range of 0.16 ~ 0.38. Although the damping perfor-
mance of the composite material fluctuates and pro-
duces an internal friction peak at 100°C, it increased
with the increase of temperature as a whole.

3.3 Model reconstruction and performance pre-
diction of composite materials based on
double-scale three-dimensional network
structure

In this experiment, spherical-like stearic acid pat-
ticles after ball milling were used to form pores, so the
potes of the microscopic porous Ti2AlC/Mg ceramics
prepared shown spherical-like structure. The diame-
ters of the holes were dispersed and randomly distri-
buted. In the later stage of this experiment, magne-
sium liquid was immersed into these microscopic po-
res, and a three-dimensional network structure in
which the positions of microscopic pores were occu-
pied by magnesium alloy AZ91D was obtained. The-
refore, this study is carried out by model establishment
and finite element method simulation.

In this paper, the microstructure of TiAIC/Mg
matrix composites (100 m X 100 m X 100 m) was mo-
deled by ANSYS APDL module. With the help of
SEM images of Ti,AlIC/Mg microscopic porous three-
dimensional network ceramics, it can be seen that the
diameter of spherical pores was mainly concentrated
between 20 m and 40 m. Therefore, the magnesium
matrix in the composite material was equivalent to
spherical, and the periodic volume characterization
model of the composite material with AZ91D content
of 40vol% was established by using APDL module of
ANSYS software. The model was shown in Fig. 14
(A). The coupling settings were shown in Fig. 14 (B).
After calculation, an equivalent stress nephogram as
shown in Fig. 14 (C) was obtained.
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Fig. 14 Microscopic equivalent model analysis of composite materials
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In Fig. 14 (C), the stress was concentrated in the
spherical magnesium inside the model and its interface
with ceramics, which was consistent with the actual si-
tuation. The volume, equivalent stress and equivalent
strain of each element of the model were extracted by
using the finite element method and directly
according to the RVE (representative volume ele-
ment) simulation results of the composite material,
and then brought into the Eqs. (3)-(5) to obtain the
equivalent modulus of the composite material.

1
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The final equivalent elastic modulus of the compo-
site material was 31.26 GPa. The simulation results
shown that the maximum storage modulus of the
composite material was 36.40 GPa and the minimum
was 31.37 GPa. Compared with the stored modulus
measured by experiments, the maximum error of the
calculated equivalent modulus was about 16%, and the
minimum error was about 0.4%. The calculated results
were in good agreement with the experimental results,
which shown that the calculation method was reaso-
nable.

4 Conclusion

(1) Through the research on the preparation pro-
cess parameters and microstructure of the composite
material, capillary force on magnesium liquid infiltra-
tion of porous ceramic plates played a positive role in
its infiltration under negative pressure. Macroscopi-
cally, the prepared composite material was homoge-
neous and free of defects such as pores and cracks.
Microscopically, the interface between Ti, AIC/Mg ce-
ramic phase and matrix magnesium alloy was good,
and magnesium alloy successfully penetrated into the
gaps between TiAlIC/Mg ceramic particles. Accor-
ding to the results of EDS composite interface line
scanning, there was no reaction between matrix mag-
nesium alloy and Ti;AlIC/Mg ceramic during magne-
sium liquid infiltration.

(2) The mechanical properties and damping prope-
rties of Ti,AIC/Mg matrix composites and magne-
sium alloy matrix prepared by double-scale three-di-
mensional network were tested. According to the ba-
sic properties of TiAIC/Mg ceramics and AZ91D,
the equivalent modulus of the three-dimensional
network TiAIC/Mg matrix composites on the
microscopic scale was predicted by finite element me-
thod. The following conclusions were drawn: the ulti-
mate bending strength of the composites was incre-

ased by about 10% compared with the matrix magne-
sium alloy, and the ability to maintain the strength was
greatly improved compared with the matrix magne-
sium alloy.

(3) The ANSYS APDL command was used to te-
construct the microscopic model of the composite
material, set the loading, solve it, and extract the ele-
ment stress, strain and other information of the defor-
med microscopic model. Finally, using the extracted
information, the equivalent modulus of the composite
microscopic model was calculated to be 31.26 GPa,
which was consistent with the experimental results
and provided a theoretical basis for the optimization
of the pore structure of the composite material in the
next step.
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