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Abstract: In order to improve the intrinsic brittleness of TiAl4822, Ti6Al4V alloy with outstanding ductility and toughness can be applied
as a competitive candidate by constructing the TiAl4822/Ti6Al4V laminated composite. Continuous SiC fibers were introduced into the
laminated composite to further enhance the comprehensive performance of the laminated composite. Using SiC fibers, TiAl4822 foil, and
Ti6Al4V foil as raw materials, continuous SiC fiber-reinforced TiAl4822/Ti6Al4V layered composite material was fabricated through a
vacuum hot-pressing method using the foil-fiber-foil method. A phase-structured interface with a specific sequence was formed between
SiC fiber and Ti6Al4V matrix, exhibiting a thickness of 6 μm. A dense bonding interface between TiAl4822 and Ti6Al4V with a thickness
of about 80 μm was obtained. No evident cracks or holes were observed at the interface. The resulting SiC fiber-reinforced composite
material exhibited superior mechanical properties compared to the traditional TiAl4822/Ti6Al4V layered composite material. Specifically,
relative to the unreinforced TiAl4822/Ti6Al4V composite, it had a tensile strength of 727.65 MPa (14.3% improvement), elongation at
break of 1.42% (20.3% improvement), elastic modulus of 176 GPa (30.4% improvement), and flexural strength of 1353.6 MPa (21.5%
improvement).
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1. Introduction

TiAl-based alloys have great application potential as high-
temperature structural materials in aviation, aerospace, automotive,
and other industries due to high specific strength, specific stiffness,
good creep resistance, and oxidation resistance [1, 2]. However,
the low fracture toughness and ductility have greatly restricted the
practical utilization of TiAl-based alloys. Researchers have drawn
inspiration from natural biological structures such as shell nacre,
abaloneshell, andanimalbones [3,4],whichemploy thecombination
of a strong layer and a tough layer; stacked compositeswith excellent
fracture toughness and high strength were prepared. These compos-
ites possess unique performance advantages that make them highly
attractiveforadvancedaerospaceapplications[5,6].Byincorporating
continuous SiC fiberswith excellent properties such as high strength,
high modulus, and low density into metal matrix composites based
on laminated materials, the high-temperature performance, specific
strength,andspecificstiffnessof thecompositesarefurther improved.

The interface of continuous SiC fiber-reinforced metal com-
posites designed with flexible microstructure has the characteris-
tics of multilevel and multi-scale, which significantly improves
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fatigue resistance and damage tolerance. The interface comprises a
nanoscale amorphous carbon layer (2–5 nm) formed during high-
temperature processing, a submicron-scale reaction zone (100–500
nm) consisting of TiC and Ti5Si3 phases, and a microscale mechan-
ical interlocking structure (1–5 μm) achieved through fiber surface
texturing [7]. Yu et al. [8] prepared biomimetic SiC-reinforced
Ti-intermetallic layered composites. The tensile strength, flexural
strength, and fracture toughness of the composites along the SiC lon-
gitudinal direction increased by 53%, 74%, and 75% compared to
those without reinforcement of the SiC fibers. Jing et al. [4] prepared
Ti-multilayer intermetallic/SiC fiber-reinforced Ti matrix compos-
ites using vacuum hot-pressing (VHP) techniques. The tensile
strength and flexural strength of the composite in the longitudinal
direction of SiC fibers were markedly improved. Zhang et al. [9]
investigated the mechanical behaviors and failure mechanisms of
SiC fiber-reinforced Ti/Ti2AlNb. Results showed that SiC fiber and
ductile metal Ti achieved perfect metallurgical bonding. These find-
ings demonstrate that the introduction of continuous silicon carbide
fibers can effectively improve the mechanical properties of compos-
ite materials, which are mainly related to the crack deflection of the
layered structure and the strengthening of the fiber.

Due to titanium’s high chemical reactivity, a strong interface
reaction occurs between the fiber and titanium alloy matrix. Inter-
face products will affect the mechanical properties of the composite
[10]. For example, the formation of thin and uniform interfacial
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products (such as TiC, Ti5Si3, etc.) through interfacial reactions can
enhance the interfacial bonding strength between SiC fibers and the
titanium alloy matrix. This improves the efficiency of stress transfer
from the matrix to the fibers, thereby increasing the overall strength
and stiffness of the composite material. Feng and Yang’s study [11]
revealed that the interface between SiC fiber and Ti6Al4V was com-
posed of a narrow fine-grained TiC layer close to the SiC fiber and
a wider TiC+Ti5Si3 mixed layer close to the matrix. The presence
of the C coating was found to avoid a direct reaction of the fiber
with the matrix. Fellah et al. [12] and Valenza et al. [13] discov-
ered ternary phase Ti3SiC2 in their studies. Li and Zhang’s research
[14] identified that a fine-grain sublayer consisting of TiC+Ti5Si3
is located close to SiC fiber within the interface layer, while larger
TiC particles are the second reaction layer separated from the ternary
phase Ti3SiC2. Huang et al. [15] discussed the distribution patterns
of interface reaction products and explained the interface generation
mechanism according to different interface reactions. The interface
reaction between fiber and matrix, the arrangement of fiber, and
the toughening mechanism of fiber need to be further studied under
different processes.

In contrast to the existing studies on SiC-reinforced compos-
ites that focus on a single-matrix material and fabrication process,
as well as TiAl4822/Ti6Al4V laminated composites without SiC
fiber reinforcement, this paper proposes a method that combines
continuous fiber reinforcement with a laminated structure. By
utilizing continuous SiC fibers as the reinforcement to enhance
Ti6Al4V/TiAl4822 laminated composites, the overall performance
of the composite material is further improved. Continuous SiC fiber-
reinforced TiAl4822/Ti6Al4V layered composites were fabricated
using the foil-fiber-foil approach combined with the VHP method;
the microstructure and properties of the composite material were
studied. The microstructure of the interface region between SiC
fiber and Ti6Al4V was observed and analyzed, with a detailed
analysis and summary of the structural evolution at the fiber-
matrix interface. The mechanical properties of the composite were
assessed through tensile and bending tests. The formation mecha-
nism of the fiber-matrix interface was analyzed by scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and
other characterization methods. However, due to the limitations
of experimental equipment an conditions, the experimental cycle
was prolonged, and thus, further mechanical property testing
experiments on this composite material could not be conducted.

2. Experimental Procedures

2.1. Structural design

The TiAl4822 alloy utilized in this study was prepared through
plasmamelting. Ti6Al4V foil (0.5 mm) was produced bymulti-pass
rolling. The chemical compositions are presented in Table 1. SiC
fibers fabricated by the Beijing Institute of Aeronautical Materials

Table 1
Chemical composition of TiAl alloy and Ti6Al4V

(wt. %)

Materials Composition (%)
TiAl4822 Ti: Margin

Al 48.1, Cr 1.92, Nb 1.95, Fe < 0.03,
C < 0.03, O 0.24, N < 0.03, H 0.04

Ti6Al4V Ti: Margin
Al 5.5–6.8, V 3.5–4.5, Fe < 0.3, C <
0.1, N < 0.05, H < 0.015, O < 0.2

were selected as the reinforcing component, providing the lamellar
composites with enhanced mechanical properties. The fibers have
a diameter of 120 µm, featuring a tungsten core with a diameter of
16 µm and an outer layer of 𝛽-SiC (50 µm thick), as depicted in
Figure 1. A layer of carbon (2 µm) was coated via chemical vapor
deposition to inhibit the interface reactions. The TiAl4822 ingot
was sliced into three rectangular layers (100 mm × 50 mm) with
a thickness of 630 μm using wire electrical discharge machining.
Subsequently, the prepared TiAl4822 layers were ground with sand-
paper to eliminate the surface oxide film. Ti6Al4V foils with a
thickness of 300 μm and 500 μm were also cut into the dimension
of 100 mm × 50 mm. The prepared TiAl4822 layers and Ti6Al4V
foils were washed in 10% HF aqueous solution for 90 s, rinsed with
alcohol, and ultimately ultrasonically washed in distilled water for
5 min to remove surface impurities.

The fibers were pre-woven in order to avoid fiber segrega-
tion. Al foil is not utilized in the preparation of SiC fibers, ensuring
that the interface between Ti6Al4V and TiAl4822 is well bonded.
This approach prevents contamination of SiC fibers during the
weaving process, thereby avoiding the introduction of impurities.
During hot pressing, while the TiAl4822 alloy exhibits poor bond-
ing with SiC fibers, it bonds well with Ti6Al4V. Consequently,
Ti6Al4V is selected as the matrix material for reinforcing fibers.
The fiber weaving process is illustrated in Figure 2. Rectangular

Figure 1
Fracture morphology of SiC fiber

Figure 2
SiC fiber prefabrication process: (a) schematic diagram; (b)

fiber cloth
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Figure 3
Stack sequence diagram: (a) before hot pressing; (b) after hot pressing

Figure 4
Process parameters of hot pressing

frames (100 mm × 50 mm) were created by cutting aluminum
foil, and holes with a spacing of 2 mm were drilled along the short
edges of the rectangles. Subsequently, the fibers were woven, as
shown in Figure 2(a). The short rectangular edges of the fiber cloth
were glued to the Ti6Al4V foil with organic glue to prepare a 2 mm
equally spaced fiber cloth, as shown in Figure 2(b). During the hot-
pressing process, as the temperature increases, a minimal amount of
polyester fiber at both ends undergoes vaporization. This prevents
the introduction of impurities while the increment in pressure effec-
tively secures the fiber position and ensures the consistency of fiber
spacing.

The experiment was designed with three layers of TiAl4822,
each with a thickness of 630 μm, two layers of Ti6Al4V with thick-
nesses of 300 μm and 500 μm, respectively, and a number of SiC
fibers with a diameter of 0.12 mm. The prepared Ti6Al4V foil, TiAl
foil, and SiC fiber cloth were sequentially stacked in the order as
depicted in Figure 3. A laminated preform with a targeted volume
fraction of 45% for the Ti layer was designed.

2.2. Sintering

The laminated preform was placed into a mold, and SiC fiber-
reinforced TiAl4822/Ti6Al4V layered composites were fabricated
using a vacuum autoclave (ZM-44-12Y). Following the vacuuming

process, hot pressing is conducted under a vacuum level exceed-
ing 1.33 × 10−3 Pa in order to minimize oxidation. The process
parameters of the VHP procedure are illustrated in Figure 4.

The VHP process comprises three stages: the consolidation
phase, the solid-solid reaction, and the annealing phase. During the
consolidation stage, the temperature was increased from room tem-
perature to 900 °C at a heating rate of 10 °C/min and maintained for
120min under a pressure of 10MPa. In the solid-solid reaction stage,
a temperature of 900 °C was sustained for 120 min under a pres-
sure of 40MPa. In the annealing stage, the temperature was reduced
to 600 °C and maintained for 60 minutes at that temperature before
cooling down in the furnace.

2.3. Material characterization

The prepared continuous SiC fiber-reinforced TiAl4822/
Ti6Al4V layered composite was sectioned using an electric spark
wire cutter and subsequently embedded in epoxy resin. The speci-
mens were ground with silicon carbide, then polished with a 1.0 μm
and 0.5 μm diamond grinding paste, and then subjected to corro-
sion using a 5% HF+15% HNO3 aqueous solution for a duration of
10~15 s for the materials studied in this paper. The microstructure
of composites was characterized utilizing light microscopy, SEM,
energy-dispersive X-ray spectroscopy (EDS), and TEM.

2.4. Mechanical property measurements

The continuous SiC fiber-reinforced TiAl4822/Ti6Al4V lay-
ered composites were subjected to a static tensile test at room
temperature using the universal testing machine model CMT6103
accordingtoASTMD3552-96(07),withaloadingrateof0.1mm/min.
The gauge length, width, and thickness of the tensile test specimen
are 15 mm, 4 mm, and 3.5 mm, respectively. The constant loading
rate of the three-point bending test is 2 mm/min. The dimensions of
the bending test specimen are specified as follows: length – 80 mm,
width – 15 mm, and thickness – 3.5 mm. The detailed specimen
dimensions are shown in Figure 5.

3. Results and Discussion

3.1. Microstructure characterization

Figure 6(a) shows the cross-section of a fabricated SiC fiber-
reinforced TiAl4822/Ti6Al4V layered composite, which is spliced

Figure 5
Schematic of the specimens: (a) tensile test; (b) three-point bending test
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Figure 6
Cross-section of SiC fiber-reinforced TiAl4822/Ti6Al4V: (a) light microscope diagram; (b) schematic diagram

Figure 7
(a) and (b) SiC fiber/Ti6Al4V interface; (c) and (d)

TiAl4822/Ti6Al4V interface

by multiple light microscope diagrams. It can be observed that
the SiC fibers are uniformly distributed within the Ti6Al4V
matrix, with a fiber spacing of 2 mm. Figure 6(b) presents the
schematic diagram consisting of TiAl4822 intermetallic compound

(yellow), Ti6Al4V (green), and reinforcement SiC fibers (black
dots) distributed in the ductile Ti6Al4V layer.

ThemicrostructuresofSiCfiber-reinforcedTiAl4822/Ti6Al4V
aredepicted inFigure7.As shown inFigure7(a) and (b), the interface
layer thickness between SiC fiber and Ti6Al4V after hot-pressing
measures approximately 6μm.The interface layer betweenTi6Al4V
and TiAl4822 is shown in Figure 7(c) and (d). The thickness of the
interface layer is approximately80μm.The intermetallic compounds
TiAl4822 andTi6Al4V were selected as the layeredmaterials.As the
experimental time progressed, atomic diffusion gradually stabilized,
leading to a consistent atomic diffusion rate. This avoided the issue
of interface layer defects caused by the Kirkendall effect during the
preparation process [16]. The interface achieved excellent metallur-
gical bonding, with no significant cracks or voids observed, ensuring
strong interfacial bonding strength and thereby contributing to the
enhancement of the material’s mechanical properties.

Figure 8 shows theXRDpattern of TiAl4822/Ti6Al4V and SiC
fiber-reinforced TiAl4822/Ti6Al4V layered composite. The result
shows that the layered composites contain 𝛼-Ti, 𝛽-Ti, 𝛼2-Ti3Al,
Ti2Al, and 𝛾-TiAl phases. Additionally, in the process of prepar-
ing SiC fiber-reinforced TiAl4822/Ti6Al4V layered composite by
the VHP method, interfacial reactions have led to the formation of
TiC and Ti5Si3 at the interface between the SiC fiber and Ti6Al4V
matrix. Based on the test results of the mechanical properties in this
paper, TiC and Ti5Si3 work together to improve the interface bond-
ing strength between SiC fiber and matrix, which is conducive to
effective load transfer and stress distribution. Ti5Si3 particles can be
used as a barrier to crack propagation, promote the crack bridging

Figure 8
XRD pattern of TiAl4822/Ti6Al4V layered composite and SiC fiber-reinforced TiAl4822/Ti6Al4V layered composite: (a)

TiAl4822/Ti6Al4V l; (b) SiC fiber-reinforced TiAl4822/Ti6Al4V
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Figure 9
SiC fiber-reinforced TiAl4822/Ti6Al4V layered composite
energy spectrum analysis diagram: (a) TiAl4822/Ti6Al4V

interface region; (b) and (c) SiC fiber/Ti6Al4V interface region

and deflection mechanism, and improve the fracture toughness of
composite materials. Moreover, Ti5Si3 has excellent thermal stabil-
ity and oxidation resistance, which contributes to the performance
of the composite in high-temperature environments [17].

The energy spectrum analysis of the fiber-reinforced TiAl4822/
Ti6Al4V layered composites is illustrated in Figure 9. Based on
the phase retrieved in the XRD pattern and the scanning results in
Table 2, it can be concluded that point 1~4 correspond to TiAl4822,
Ti2Al, Ti3Al, and Ti6Al4V phases, respectively. Figure 9(b) and (c)
correspond to the energy spectral lines and spot scans of the interface
region of SiC fiber and Ti6Al4V matrix. Figure 9(c) presents the

Table 2
Distribution of energy spectrum scanning

elements (at %)

Point no. Al Ti Si C
Spot 1 46.81 48.66
Spot 2 31.37 65.68
Spot 3 22.90 72.88
Spot 4 16.15 81.37
Spot 5 70.44
Spot 6 45.87 54.05
Spot 7 55.95 28.38 15.66
Spot 8 35.99 27.01 37.00
Spot 9 58.90 25.01 16.10
Spot 10 83.94 6.06
Spot 11 9.33 89.27 1.40

enlarged image of the fiber/matrix interface region. The findings
indicate that points 5 and 6 represent the W core of the fiber and
the SiC matrix, respectively. The distributions of elements obtained
from energy spectrum scanning at points 7, 8, and 9 in Figure 9 are
presented in Table 2. The results reveal that there are three elements
(Ti, Si, andC) distributed at the interface layer between SiC fiber and
matrix (point 7). It can be observed that the fiber/matrix interface
layer can be divided into a narrow and a wide layer. According to
the scan results of points 10 and 11, the right side of the interface
layer is the Ti6Al4V matrix.

Figure 10 shows the SiC/Ti6Al4V interface region with high
magnification. The interface region consists of two sublayers: a fine-
grain layer (with a thickness of 1 μm) close to the SiC fiber and
a coarse-grain layer (with a thickness of 5 μm) near the Ti6Al4V
matrix. The grain sizes of these two layers are about 0.05 μm and 1μm, respectively. The EDS surface scan was conducted in the area of
the enlarged image. C coating layer at the starting SiC fiber was con-
sumed completely. Element C in the C coating layer and SiC fiber
react with the element Ti through diffusion during the hot-pressing
process, resulting in a fine-grain layer close to the SiC fiber. From

Figure 10
SiC/Ti6Al4V interface area: (a) high magnification scanning

electron microscopy image; (b) EDS surface scan of the
interface area
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Figure 11
SiC/C/Ti6Al4V composite interface region: (a) TEM bright-field image; (b) phase electron diffraction spots in the interface

region; (c) EDS line scan results in the interface layer

the element distribution of Si and Ti, it can be found that the ele-
ment Si is mainly distributed in the interface layer area. However,
element Ti is uniformly distributed both in the interface layer and
the Ti6Al4V matrix.

The content distributions of C and Si in the interface region
are found to be complementary, as depicted in Figure 10(b). It is
noteworthy that there are enrichment regions of C element near the
SiC fiber within the interface region. Additionally, a relatively high
Ti content is observed in these C enrichment regions, indicating the
possibleformationofTiCthroughreaction.Theresultantphasesinthe
enrichment region of Si andTi include Ti5Si3, Ti5Si4, and Ti3Si [15].

The TEM bright-field image and the line scanning results
across the SiC/Ti6Al4V interface layer are presented in Figure 11.
It can be observed that there is an alternating enrichment of tita-
nium (Ti), silicon (Si), and carbon (C) elements within the interface
layer. Combined with the TEM bright-field image and the EDS
results, it can be found that the interface layer can be divided into
six sublayers.

Point scanning was conducted to analyze the element compo-
sition of point 1~6 in the six sublayers, and the results are presented

Table 3
Distribution of elements at points 1, 2, 3,

and 4 in Figure 11 (at %)

Point Ti Si C
Spot 1 45.63 0 54.37
Spot 2 44.79 8.21 47.01
Spot 3 50.09 28.28 21.62
Spot 4 64.65 24.77 10.59
Spot 5 60.30 31.25 8.45
Spot 6 52.38 0 47.62

in Table 3. The spot-scanning analysis revealed that the atomic
ratio of Ti:Si:C near the SiC fiber (point 3) is approximately 5:3:2.
According to previous studies [18–20], the formation temperature
of Ti5Si3C2 in the solid-solid reaction is higher than 1000 °C.
Ti5Si3CX is a solid solution with dissolved C in Ti5Si3 [21, 22]. Car-
bon atoms are dissolved as interstitial atoms at the corner positions
within Ti5Si3CX [14]. Since the hot-pressing process temperature
employed in this study was set at 900 °C, it can be inferred that
Ti5Si3 phase with a high concentration of C atoms exists in this
region instead of Ti5Si3C2. The Ti5Si3 sublayer both near Ti6Al4V
matrix and in the middle of the interface region contains a small
amount of TiC phase.

The phase composition of the interface area is marked in
Figure 11(a) according to the EDS line scan and point scan
results. The interface layer can be divided into three TiC+Ti5Si3
layers, as shown in Figure 11(c). The phase distribution within the
SiC/Ti6Al4V interface region follows a sequence of SiC || TiC ||
Ti5Si3 || TiC || Ti5Si3 || TiC || Ti5Si3 ||Ti6Al4V. Electron diffraction
spots corresponding to regions 1, 3, and 4 within the interface region
are illustrated in Figure 11(b).

At the initiation of the reaction, titanium from Ti6Al4V
diffused toward the C coating. The resulting reaction yielded fine-
grain TiC proximity to SiC fiber and coarse-grain TiC near the
Ti6Al4V matrix.When the C coating was consumed completely, the
interfacial reaction penetrated into the SiC fiber. The diffusion rate
of C atoms exceeded than Si atoms due to their smaller diameter.
Consequently, the C element in the fiber took the lead in diffusing to
the original interfacial reaction zone and then reactedwith the highly
active Ti that diffused across the interfacial layer. TiC particles were
formed preferentially near the SiC fiber. Because of the high nucle-
ation rate of TiC on SiC fiber, fine TiC grains near SiC fibers were
obtained. Si atoms diffused to the matrix across the generated layer
and then reacted with Ti to form Ti5Si3 particles. As diffusion pro-
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Figure 12
TiAl4822/Ti6Al4V and SiC fiber-reinforced TiAl4822/Ti6Al4V layered composites: (a) room temperature tensile stress-strain

curve; (b) bending displacement-load curve

Table 4
TiAl4822/Ti6Al4V and SiC fiber-reinforced TiAl4822/Ti6Al4V

layered composites

Materials

Tensile
strength
(MPa)

Elongation
(%)

Elastic
modulus
(GPa)

Flexural
strength
(MPa)

TiAl4822/Ti6Al4V 636.9 1.13 135 1114.1

SiC/Ti6Al4V /TiAl4822 727.65 1.42 176 1353.6

ceeded, TiC and Ti5Si3 were saturated by C and Si. With the C and
Si atoms diffusing to the matrix across the interface layer continu-
ously, the alternating sublayers of TiC and Ti5Si3 are formed. The
diffusion of Si atoms resulted in the coarsening of the Ti5Si3 par-
ticles close to the Ti6Al4V matrix, resulting in the formation of a
coarse-grain layer, as illustrated in Figure 10(a).

3.2. Mechanical properties

Figure 12 shows the tensile stress-strain curve and bending
load-displacement curve of TiAl4822/Ti6Al4V layered composites
with andwithout SiC fiber reinforcement. Themechanical properties
of TiAl4822/Ti6Al4V and SiC fiber-reinforced TiAl4822/Ti6Al4V
layered composites are shown in Table 4. The tensile strength of
the Ti6Al4V/TiAl4822 layered composite is 636.9 MPa, with an
elongation of 1.13%, an elastic modulus of 135 GPa, and a flexural
strengthof1114.1MPa.ThetensilestrengthoftheSiCfiber-reinforced
Ti6Al4V/TiAl4822 layered composite is 727.65MPa, with a tensile
strainof1.42%,anelasticmodulusof176GPa, anda flexural strength
of 1353.6 MPa. The tensile strength increases by 4.3% to 727.65
MPa when SiC fibers are introduced, while the tensile strain rises
by 20.3% to reach a value of 1.42%. Moreover, the flexural strength
reaches 1353.60MPa in the SiC fiber-reinforcedTiAl4822/Ti6Al4V
layered composite, exhibiting a remarkable improvement of 21.5%
over the TiAl4822/Ti6Al4V layered composite. It is evident that the
incorporation of SiC fibers enhances the tensile strength, elongation,
and flexural strength of the TiAl4822/Ti6Al4V layered composite
comparedtoitscounterpartwithoutfiberreinforcement.Thecompos-
ite material is an ideal candidate for high-temperature components,
such as aeroengine blades and spacecraft structures, and has broad
application prospects in high-temperature environments such as gas
turbines and nuclear reactors.

3.3. Fracture morphology

The tensile fracture morphologies of SiC fiber-reinforced
TiAl4822/Ti6Al4V layered composite are depicted in Figure 13.

Figure 13
Macroscopic tensile fracture morphology of SiC

fiber-reinforced TiAl4822/Ti6Al4V layered composites
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No evident interface delamination is observed, indicating excellent
bonding between the Ti6Al4V and TiAl4822 matrices. Figure 13(a)
exhibits the orderly arrangement of SiC fibers on the fracture sur-
face, with fiber pull-out suggesting weak bonding strength at the
interface between the fiber and Ti6Al4V matrix. When the load
applied on the matrix transferred to the SiC fibers and exceeded
the longitudinal shear force at the interface with Ti6Al4V, the
phenomenon of SiC fiber pulling out occurred. Previous studies
[23, 24] have indicated that a too weak fiber/matrix binding inter-
face restricts effective reinforcement by SiC fiber. There are energy
absorption phenomena such as fiber debonding, fiber fragmentation,
and fiber fracture (Figure 13(b–d)), which contribute to enhancing
toughness and strengthening of these composite materials.

The fracture morphologies of the matrices and their interface
are depicted in Figure 13(e–g). There are a large number of dim-
ples in the Ti6Al4V matrix, presenting ductile fractures. In Figure
13(g), the fracture surface of the TiAl4822 matrix displays river
patterns, which correspond to the typical brittle cleavage fracture.
Both ductile fractures and brittle cleavage fractures can be observed
in the interface region between the Ti6Al4V and TiAl4822 matri-
ces. During brittle fracture, SiC fibers can redistribute localized
stresses, reduce stress concentration, and delay the overall fail-
ure of the material. During ductile fracture, the material absorbs a
significant amount of energy through plastic deformation, thereby
enhancing the toughness of the composite. The laminated struc-
ture of TiAl4822/Ti6Al4V effectively prevents the propagation of
cleavage cracks, confining them to localized regions and avoiding
the overall failure of the material. These fracture mechanisms work
together to optimize crack propagation behavior, improve energy
absorption capacity, and achieve uniform stress distribution, result-
ing in outstanding performance of the composite material in terms

Figure 14
Macroscopic fracture diagram of the bending test specimen

of strength, toughness, and fracture resistance. Thus, it can be con-
cluded that the introduction of SiC fiber effectively enhances the
tensile properties of the composite.

The macroscopic fracture diagrams of the three-point bend-
ing test specimen are illustrated in Figure 14. Figure 15 shows the
fracture morphologies of the SiC fiber-reinforced TiAl4822/
Ti6Al4V layered composite. During the loading process, the bot-
tom layer of the specimen was subjected to the compressive stress,
while the top outmost layer was subjected to the tensile stress. As
the bending load increased, brittle fracture failure occurred at the
outmost TiAl4822 layer on the top layer first, leading to the for-
mation of the main crack. It can be observed that the main crack
exhibited deflection at the interface region, presenting zigzag mor-
phologies. Additionally, SiC fiber bending and fracture occurred
in the Ti6Al4V layer, and then the crack continued to expand
to the middle layer TiAl4822. Various mechanisms such as crack
deflection, crack blunting, and crack bridging, as well as sec-
ondary cracks and microcracks, were observed during this crack
propagation process. These crack propagation mechanisms increase
the crack propagation path, effectively absorb external loads, and
enhance energy dissipation pathways, ensuring the reliability of the
composite materials and improving the load-bearing capacity of SiC
fiber-reinforced Ti6Al4V/TiAl4822 layered composites.

4. Conclusions

Different from the single-matrix and preparation process of
traditional composites, the SiC fiber-reinforced TiAl4822/Ti6Al4V
layered composites were prepared by the VHP method in this paper.
The microstructure and properties of the composites were studied.
The main conclusions are as follows：

1) High-quality metallurgical bond interface layers consisting of𝛼2-Ti3Al and Ti2Al with a thickness of about 80 μm were
formed between Ti6Al4V and TiAl4822 matrices. By using
pre-woven fiber cloth, evenly distributed SiC fibers were intro-
duced into the TiAl4822/Ti6Al4V layered composites. Existing
research has primarily focused on single-matrix materials, such
as Ti6Al4V or TiAl alloys. However, combining TiAl4822 and
Ti6Al4V to form a layered structure represents an innovative

Figure 15
Morphology of SiC fiber-reinforced TiAl4822/Ti6Al4V layered composites
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design. This design integrates the high-temperature perfor-
mance of TiAl4822 with the toughness of Ti6Al4V, achieving
complementary properties.

2) The interface layer between SiC fiber/Ti6Al4V can be divided
into a fine-grain narrowband adjacent to the SiC fiber and
a coarse-grain sublayer close to the matrix. The fine-grain
narrowband is the TiC + Ti5Si3 layer, which is composed of
a thin layer of TiC with small particles and a thick layer of
Ti5Si3 with coarse particles; the grain sizes were 0.05 μm and
1 μm. The coarse-grain sublayer is composed of two TiC +
Ti5Si3 layers with larger grain sizes. The phase distribution
across the interface layer is SiC || TiC || Ti5Si3 || TiC || Ti5Si3 ||
TiC || Ti5Si3 || Ti6Al4V. This phase distribution sequence can
significantly improve the interfacial bonding strength, tough-
ness, and high-temperature properties of composites through
gradient interfacial structure, multi-scale toughening mecha-
nism, and interfacial reaction regulation, which has important
scientific significance and engineering value.

3) Compared to traditional single-matrix materials or TiAl4822
/Ti6Al4V laminated composites without SiC fiber reinforce-
ment, the SiC fiber-reinforced TiAl4822/Ti6Al4V laminated
composites exhibit significant improvements in both strength
and toughness. The SiC fiber-reinforced TiAl4822/Ti6Al4V
layered composite exhibits a tensile strength of 727.65 MPa
and a tensile strain of 1.42%, with an elastic modulus of 176
GPa. Compared with TiAl4822/Ti6Al4V layered composite,
the introduction of SiC fibers significantly enhances the over-
all performance due to energy-absorbing mechanisms such as
fiber/matrix interface debonding, fiber pulling out, and fiber
embrittlement during tensile fracture.

4) The flexural strength of SiC fiber-reinforced TiAl4822/Ti6Al4V
layered composite was measured to be 1353.6 MPa, exhibit-
ing a significant improvement of 21.5% compared to that of
the TiAl4822/Ti6Al4V layered composite. This enhancement
can be attributed to the strengthening effect of SiC fibers and
the crack deflection ability of the layered structure of lamellar
composites. The failure process was accompanied by vari-
ous energy-dissipating mechanisms, including crack deflection,
crack bridging, and interlayer cracking, as well as secondary
cracks and microcracks.

5) Most of the existing studies focus on a single interface reac-
tion layer, but this study realizes the overall improvement of
interface performance through multilevel and multi-scale inter-
face design. The improvement in overall performance will make
this layered composite material an ideal candidate for high-
temperature components such as aeroengine blades and space-
craft structural parts. In addition, this composite material has
broad application prospects in high-temperature environments
such as gas turbines and nuclear reactors.
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