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a b s t r a c t

Continuous carbon fibers (Cf) were modified with c-Al2O3 and anatase-TiO2 coatings in sol–gel route, and
used to prepare 45 vol.% Cf reinforced Mg matrix composites (referred to as Al2O3–Cf and TiO2–Cf compos-
ites) using a vacuum pressureless infiltration process, producing the tensile strengths of 550 MPa and
980 MPa, respectively. During the composite fabrication, the Mg matrix reacted with the coatings to form
the interfacial layers composed primarily of MgO nanoparticles, with a size of about 10–20 nm and 3–
5 nm, respectively, for the Al2O3–Cf and TiO2–Cf composites. Such interfacial reaction produced a volume
expansion in the interfacial layer, resulting in the formation of a great deal of crystal defects, such as dis-
torted lattice, dislocation and amorphous intergranular phase. The Al2O3–Cf composite exhibited lower
tensile strength due to greater volume expansion in the interfacial layer. A few TiC and TiO2 nanoparticles
were observed in the interfacial layer of the TiO2–Cf composite. This is attributed to the restraining effect
of the reduced Ti accumulated in the near-interface matrix on the atom diffusion (Mg and Ti), remaining
some TiO2 nanoparticles at the surface of Cf. This showed a new self-regulating mechanism of interfacial
reaction.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Continuous carbon fiber (Cf) exhibits high tensile strength and
high modulus with low density, and is an ideal reinforcement for
metal matrix composites (MMCs) [1–4]. Since the wetting between
Cf and metal matrix is poor and Cf can react with many metal ele-
ments in the processes of fabricating the Cf reinforced MMCs
(CfMMCs), the interface compatibility problem between Cf and me-
tal matrix limits the strength improvement of CfMMCs [4–8]. In or-
der to take advantage of the superior properties of Cf fully, an
interfacial optimization design is necessary [6–12].

Many studies [6–12] have been carried out to overcome the
interface compatibility problem. Among them, to modify the sur-
face of Cf using coating was recognized as an effective and practical
method. Surface coating processes include chemical vapor deposi-
tion (CVD) [11], electro [13] and electroless [7] plating, molten salt
[14,15], sol–gel [9,16–18] and so on. Among these methods, the
sol–gel method has attracted much attention due to its distinct
advantages, such as low cost, simple routine, and low equipment
requirement. Moreover, controllability of the nanostructured sol–
gel coating is very attractive since it provides a shortcut to study
the unusual deformation mechanisms of nanocrystalline interfacial
layers in CfMMCs as well as an important approach to design and
control the interfacial nanostructure and interfacial reaction
precisely.

Chen and Li [18] modified the surface of Cf (M40, made by Jap-
anese Toray company) with SiO2 coating, and produced 40 vol.% Cf

reinforced ZM5 Mg matrix composite with a tensile strength of
663 MPa. Wu et al. [10] fabricated 55 vol.% SiC coated Cf reinforced
AZ81 Mg matrix composite, and obtained a tensile strength of
1038 MPa, about 70% of the theoretical value. In our recent report,
the tensile strength of 45 vol.% Cf reinforced Mg matrix composite
could reach 1.08 GPa (90% of the theoretical prediction) through
interface coating design using yttria stabilized zirconia (YSZ) sol–
gel [9]. Although the fabrication routes of the above CfMMCs were
similar (liquid infiltration), the mechanical properties of these
CfMMCs were quite different. Specially, the ratio of the experimen-
tally measured strength to the predicted strength by the rule of
mixture showed a great difference. The interfacial microstructure
could be considered as the primary factor, since the interface plays
an important role in the load transfer between reinforcement and
matrix [8–12,19–21].

Generally, there was an interfacial layer between metal matrix
and Cf in CfMMCs due to the coatings of Cf and the interfacial reac-
tion, with the coatings being tens to hundreds of nanometers thick
and composed of nanocrystalline [9–11,16–18]. It is expected that
the performances of CfMMCs could be further improved based on
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the excellent properties of nanomaterials. Therefore, it is necessary
to study the microstructures of the interfacial layers at the nano-
scale. Unfortunately, it is very difficult to observe the intragranular
or intergranular nanostructures of interfacial layers even using
high-resolution transmission electron microscopy (HRTEM). As a
result, the report on the interfacial nanostructure was few.

In order to clarify the inherent relationship between interfacial
reaction and interfacial nanostructures, it is necessary to prepare
some model CfMMCs with the same or similar thickness and
chemical compositions of interfacial layers. In our recent study,
nanostructured coating based on yttria stabilized zirconia (YSZ)
sol–gel was used to prepare to 45 vol.% Cf/Mg composite, produc-
ing a tensile strength of 90% theoretical prediction [9]. It is inter-
esting to examine whether other coatings would achieve the
same performance.

In this study, the Cf was modified with c-Al2O3 and anatase-
TiO2 coatings, respectively, in sol–gel route, and 45 vol.% Cf/Mg
composites were fabricated using a vacuum pressureless infiltra-
tion process. The aim is to investigate the interface reaction mech-
anism and interfacial nanostructures with these coatings and to
understand the inherent relationships among interfacial reaction,
interfacial nanostructures and mechanical properties of CfMMCs
further.
2. Material and methods

2.1. Preparation of Cf preforms

Unidirectionally aligned high strength carbon fibers (PAN, made
in China) with a diameter of 7 lm were used in this study. The pre-
forms of 60 � 25 � 5 mm3 containing about 45 vol.% Cf were pre-
pared by a filament winding technique. In order to remove the
sizing agent on the surfaces of Cf, the preforms were heated at
450 �C for 30 min in a vacuum furnace (5 � 10�2 Pa). After remov-
ing the sizing agent, the tensile tests of Cf with a gauge length of
15 mm were conducted at an initial strain rate of 5 � 10�3 s�1 on
a Hounsfield H5K-S electronic testing machine. 30 specimens were
tested and the average tensile strength of Cf was determined to be
2.6 GPa, according to the ASTM D3379-75 standard [22].
2.2. Preparation of sol–gel coating

In this experiment, all the chemicals were analytical reagent
and made by Sinopharm Chemical Reagent Co., Ltd.

AlOOH sol was prepared using aluminum isopropoxide
(Al(C3-H7O)3) as a precursor. Firstly, the deionized water was
heated up to 80–90 � C, and then the Al(C3H7O)3 was dissolved in
deionized water with a molar concentration of 0.2 mol/l. Under
magnetic stirring, monohydrate alumina precipitate was formed
by hydrolysis, i.e. boehmite precipitation. Dripping aqueous solu-
tion of nitric acid as the peptizer, the pH value was adjusted to
3.0–3.5. In order to distill the isopropanol off from the sol, the
sol was heated to 90 �C for 1 h. Finally, the reaction vessel was
closed and maintained for 24 h at 80 �C to get clear c-AlOOH sol.

In addition, using tetrabutyl titanate (Ti(OC4H9)4) as a precur-
sor, anhydrous ethanol as a solvent, acetylacetone as a chelating
agent, nitric acid as an inhibitor, TiO2 sol was prepared. The volume
ratio of tetrabutyl titanate, anhydrous ethanol, deionized water,
and acetylacetone was 1:9:0.7:0.15. Firstly, deionized water and
1/3 of anhydrous ethanol were mixed, and the pH value of solution
was adjusted to 3.0 with nitric acid. The obtained solution was de-
noted by solution A. Tetrabutyl titanate and acetylacetone were
added into 2/3 of anhydrous ethanol, and solution B was obtained.
Under magnetic stirring, solution A was slowly instilled into solu-
tion B to obtain a uniform and transparent sol.
The Cf preforms were immerged in the obtained sols and ultra-
sonically vibrated for 10 min, and then removed from the sols and
dried in the shade. The sintering of Cf preforms was carried out at
735�C for 60 min in a vacuum furnace (5 � 10�2 Pa).

In order to identify the crystalline phase of coatings, Al2O3 and
TiO2 powders were prepared through drying the Al2O3 and TiO2 sol
at room temperature. Consistent with the sintering of Cf preforms,
Al2O3 and TiO2 powders were sintered at 735�C for 60 min in a vac-
uum furnace (5 � 10�2 Pa). And then, these powders were ana-
lyzed using the X-ray diffraction (XRD) technique on a D/max
2500PC diffractometer using Cu Ka radiation.
2.3. Fabrication of Cf/Mg composite

A commercial pure Mg matrix composite reinforced with
45 vol.% Cf was fabricated using a pressureless infiltration process
in vacuum. As the first step, Mg ingots and Cf preforms were sealed
in a steel die. Then they were heated in a vacuum furnace to 750�C,
and the temperature was maintained for 30 min in order to carry
out the liquid metal infiltration. After the infiltration, the CfMMCs
were cooled down directly in the vacuum furnace. The 45 vol.% Cf/
Mg matrix composites with Al2O3 and TiO2 coatings were denoted
by Al2O3–Cf and TiO2–Cf composites, respectively.
2.4. Characterization

The microstructures of the Al2O3–Cf and TiO2–Cf composites
were examined using scanning electron microscopy (SEM, Nova
NanoSEM 430) and transmission electron microscopy (TEM, FEI
Tecnai F20). Thin foils for TEM were prepared by the ion milling
technique.

Tensile specimens of CfMMCs with a gauge length of 10.0 mm, a
width of 2.0 mm and a thickness of 1.5 mm were machined from
CfMMCs parallel to the longitudinal direction of Cf. Tensile tests
were conducted at room temperature and an initial strain rate of
3.3 � 10�4 s�1 on a Zwick/Roell Z050 tester.
3. Results

3.1. The characteristics of coatings

Fig. 1(a) shows the coarse surfaces of unsized Cf. After calcina-
tion at 735�C for 60 min in vacuum, both Al2O3 and TiO2 coatings
could be coated on the surfaces of Cf and the coatings were uniform
and smooth, as shown in Fig. 1(b and c), respectively. In addition,
neither crinkle nor crack was found on the two coatings. This indi-
cates that both Al2O3 and TiO2 coatings were formed on the Cf sur-
faces very well.

Fig. 2 shows the XRD patterns of Al2O3 and TiO2 powders pre-
pared with sol–gel method and sintered at 735�C for 60 min. It
was indicated that the crystalline phase was c-Al2O3 and ana-
tase-TiO2, respectively. Since the fabricating processing of powders
was the same as that of Al2O3 and TiO2 coatings on Cf, it is believed
that the coating on the surfaces of Cf was c-Al2O3 and anatase-TiO2,
respectively.
3.2. The tensile properties and microstructures of CfMMCs

The tensile strength of Al2O3–Cf and TiO2–Cf composites was
determined to be 550 MPa and 980 MPa, respectively. Clearly,
although the fabrication processes were almost same, the tensile
properties of Al2O3–Cf and TiO2–Cf composites showed a large dif-
ference. This implies that interfacial nanostructure played a pri-
mary role.



Fig. 1. SEM images of (a) unsized, (b) Al2O3 and (c) TiO2 sol coated Cf after calcination at 735 �C for 60 min, respectively.

Fig. 2. XRD patterns of (a) c-Al2O3 and (b) anatase-TiO2 powders prepared with sol–gel method and sintered at 735 �C for 60 min, respectively.
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Fig. 3(a and c) show the cross-sectional SEM micrographs of
Al2O3–Cf and TiO2–Cf composites, respectively. The molten Mg
infiltrated completely the interspaces among the Cf without a pres-
sure as infiltrating force. It indicates that both coatings could im-
prove the wetting between the Cf and the Mg matrix greatly. The
interfacial bonding between the Cf and the Mg matrix was very
good without discernible debonding or micro-crack. Moreover,
the distributions of Cf were uniform and no obvious difference
could be found between Al2O3–Cf and TiO2–Cf (Fig. 3(b–d)) com-
posites. However, some bright lines could be observed around Cf

in the TiO2–Cf composite (Fig. 3(d)). According to the EDS analysis,
the bright line was determined to be the Mg matrix with relatively
high concentration of Ti. Although the contrast was very clear, the
concentration of Ti was less than 1.0 at.% since TiO2 coating was
very thin. Obviously, with the prolonging of infiltrating time, the
bright line would disappear gradually.

3.3. The interfacial nanostructures

Fig. 4 shows the TEM microstructures of the interfaces in the
Al2O3–Cf and TiO2–Cf composites. It can be seen that the surfaces
of the Cf are wrapped with a thin and uniform interfacial layer with
a thickness of nanoscale. No obvious difference could be found be-
tween the interfacial layers of Al2O3–Cf and TiO2–Cf composites at
submicron scale.

Fig. 5(a) shows the high resolution TEM (HRTEM) image of the
interfacial layer in the Al2O3–Cf composite, and the thickness of
interfacial layer was 15–20 nm. Fig. 5(b) shows the magnified



Fig. 3. SEM micrographs of Al2O3–Cf composite under (a) low and (b) high magnification, and TiO2–Cf composite under (c) low and (d) high magnification.

Fig. 4. TEM images showing interfacial microstructure in (a) Al2O3–Cf composite and (b) TiO2–Cf composite.
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image of region B framed with black lines in Fig. 5(a). It was proved
that the interfacial layer was composed of MgO nano-particles and
the interfacial reaction should obey following chemical equation:
Al2O3 þ 3Mg! 2Alþ 3MgO ð1Þ

HRTEM image showed that the size of MgO particles was 10–
20 nm and similar with the thickness of the interfacial layer.
According to the Fast Fourier Transform (FFT) image shown at
the upper right corner of Fig. 5(a) and HRTEM image of Fig. 5(b),
an orientation relationship between MgO nano-particles and Mg
matrix was found: ð1�11ÞMg==ð�111ÞMgO and ½231�Mg==½110�MgO. The
mismatch between the ð1�11ÞMg plane spacing of Mg (0.245 nm)
and �111MgO plane spacing of MgO (0.243 nm) was about 0.82%.
Moreover, some crystal defects could be found in the interfacial
layer of the Al2O3–Cf composite. Fig. 6(a) shows that the interfacial
nanostructures were ubiquitous in the Al2O3–Cf composite. An
amorphous intergranular film could be observed in the interfacial
layer. Fig. 6(b) is the magnified image of region B framed with
white lines in Fig. 6(a), and a black straight line was drawn in
Fig. 6(b) in order to form a contrast with the distorted MgO lattice.
The crystal defects were so severe that some arc-like MgO lattice
could be observed easily. It should be emphasized that neither
remaining Al2O3 particle nor interfacial reaction product Al4C3

was found at the interface.
Similarly, the interfacial nanostructure in the TiO2–Cf composite

was observed as well. Fig. 7(a) shows that the surface of Cf was
covered completely with a uniform interfacial layer with a



Fig. 5. (a) HRTEM image of interfacial layer in Al2O3–Cf composite, (b) magnified image of regions B in (a).

Fig. 6. (a) HRTEM image of interfacial layer in Al2O3–Cf composite, and (b) magnified image of region B framed in (a).

Fig. 7. (a) HRTEM image of interfacial layer in TiO2–Cf composite, and (b) magnified image.
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thickness of 15–20 nm. Fig. 7(b) clearly shows that the interfacial
layer consisted of tiny MgO, TiC and remaining TiO2 particles.
MgO was the primary component of the interfacial layer, and no
orientation relationship was found among these nano-particles.
The remaining TiO2 particles existed on the surface of Cf and were
covered with MgO particles, and the crystalline phase of remaining
TiO2 was still anatase. This indicates that some factors played a
good barrier role for restraining the interfacial reaction between
the Mg matrix and the TiO2 particles. Moreover, a small amount
of TiC could be found near the surface of Cf. The interfacial reac-
tions should obey following chemical equations:
TiO2 þ 2Mg! Tiþ 2MgO ð2Þ

Tiþ C! TiC ð3Þ

Fig. 8(a) shows that the interfacial layer was composed of about
5 layers of nanoparticles with the grain size of about 3–5 nm.
Fig. 8(b and c) shows the nanostructure of grain boundaries B
and C marked in Fig. 8(a). Grain boundaries B and C were close
to the Mg matrix and Cf, respectively. The closer to the Mg matrix,
the thicker the amorphous intergranular film is. Moreover, the
edge dislocation could be found in the MgO nano-particles, as
shown in Fig. 8(d).



Fig. 8. (a) HRTEM image of interfacial layer in TiO2–Cf composite; (b) and (c) magnified image of region B and C in (a), respectively; (d) magnified image of intragrain in (a).
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4. Discussion

4.1. The effects of interfacial reaction on interfacial nanostructure

According to above HRTEM observation (Figs. 5–8), the interfa-
cial layers showed different nanostructures in the Al2O3–Cf and
TiO2–Cf composites. In the Al2O3–Cf composite, the interfacial layer
was completely composed of MgO nano-particles, and the lattice of
MgO was distorted into arc-like (Fig. 6(b)). In the TiO2–Cf compos-
ite, the interfacial layer could be divided into outside (near the Mg
matrix) and inside (near the Cf) layers according to the chemical
compositions. In the outside layer, MgO was the primary compo-
nent; in the inside layer, not only TiO2 remained, but also a small
quantity of TiC were formed. The edge dislocations could be found
in the MgO nano-particles (Fig. 8(d)), but the degree of crystal de-
fects was less than that in the Al2O3–Cf composite. Moreover, in the
TiO2–Cf composite, the amorphous intergranular films could be ob-
served in the outside interfacial layer, and the thickness was about
1 nm (Fig. 8(b)). Nevertheless, the amorphous intergranular films
almost could not be found in the inside interfacial layer. It was evi-
dent that there was an inherent relationship between interfacial
reaction and interfacial crystal defects, namely the more exhaus-
tive interfacial reaction is, the larger the volume expansion is
and the severer the interfacial crystal defects are.

In this study, all the Cf performs were sintered at 735 �C for
60 min before infiltration process. In order to identify the crystal-
line phase of coatings, Al2O3 and TiO2 powders, prepared using
the same route as that for the coatings in Cf preforms, were sub-
jected to XRD analyses. It was revealed that the crystalline phase
of powders was c-Al2O3 and anatase-TiO2, respectively (Fig. 2).
This indicates that the crystalline phase of original coatings on
the surfaces of Cf should be c-Al2O3 and anatase-TiO2, respectively.
This result is consistent with HRTEM observations (Fig. 7) and the
previous studies [16].

According to Eqs. (1) and (2), 1 mol of Al2O3 and TiO2 would
form 3 and 2 mol of MgO, respectively. Since the majority of the
deoxidized Al and Ti were dissolved into the molten Mg matrix,
the volume change caused by the interfacial reaction could be cal-
culated, as listed in Table 1. It should be pointed out that though
the Ti would react with Cf to form TiC, the volume of TiC could
be neglected due to the little quantity. The calculation result re-
veals that the interfacial reaction would result in the volume
expansion of interfacial layer and the volume expansion rate of
c-Al2O3 coating was almost 3 times of that of TiO2 coating.

With the progressing of interfacial reaction, a large compressive
stress could be induced, and the volume expansion rate of interfa-
cial layer would exceed greatly the range of elastic deformation of
brittle ceramics. According to the previous studies [23–25], brittle
nanocrystalline ceramics exhibited unusual deformation mecha-
nisms resulting from the coexistence of brittle grains and soft
amorphous grain boundary (GB) phases. The crossover from inter-
granular deformation to intragranular deformation has been simu-
lated [25]. These studies verified that the crossover arises from the
interplay between cooperative grain sliding, grain rotations, and
intergranular dislocation formation similar to stick–slip behavior.
Therefore, under a large compressive stress field caused by the
interfacial reaction, the amorphous intergranular film and intra-
grain crystal defects could be considered as the evidence of unu-
sual deformation in the interfacial layer.

It should be pointed out that the thickness distribution of amor-
phous intergranular film was different in the interfacial layer of the
TiO2–Cf composite, as shown in Fig. 8(b and c). The closer to the Mg



Table 1
Volume change caused by interfacial reaction between c-Al2O3 and anatase-TiO2 coatings and Mg matrix.

Reaction equations Al2O3 + 3Mg ? 3MgO + 2Al TiO2 + 2 Mg ? 2MgO + 2Ti

1 mol of Al2O3 3MgO 1 mol of TiO2 2MgO

Volume 27.49 cm3 33.48 cm3 20.54 cm3 22.32 cm3

Rate of volume change (33.48–27.49 cm3)/27.49 cm3 � 21.8% (22.32–20.54cm3)/20.54 cm3 � 8.7%
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matrix, the thicker the amorphous intergranular film is. This means
that the closer to the Mg matrix the severer deformation of nano-
crystalline is. Taking account of the diffusion path of Mg and the
positions of remaining TiO2 nano-particles, it is clarified that the
closer to the Mg matrix, the more exhaustive interfacial reaction
is and the larger the volume expansion is. As a result, in the inter-
facial layer of the TiO2–Cf composite, the crystal defects and chem-
ical composition showed a gradient distribution.
4.2. The effects of interfacial nanostructure on the interfacial reaction

Although some TiO2 nanoparticles could be retained near the
surface of Cf in the TiO2–Cf composite, no remaining Al2O3 nano-
particles were found in the Al2O3–Cf composite. This phenomenon
may be due to the following factors:

(1) In the Al2O3–Cf composite, the amorphous intergranular film
and intragranular crystal defects of MgO nanoparticles acted
as a shortcut of Mg atom migration, and Mg could keep on
reacting with Al2O3 coating.

(2) In the TiO2–Cf composite, Ti is the deoxidized product of
interfacial reaction. According to the previous study [26],
the mixture enthalpy (DHMix

A—B) of the binary liquid in Ti–Mg
and Al–Mg systems at an equi-atomic composition is 16 kJ/
mol and �2 kJ/mol, respectively. Obviously, it is difficult
for the deoxidized product Ti to dissolve into molten Mg
matrix, though it is very easy for Al. This has been also ver-
ified in this study, as shown in Fig. 3(b–d). With the pro-
gressing of interfacial reaction, Ti would be accumulated at
the matrix near the interface. Obviously, the existence of Ti
would decrease the chemical activity of Mg. At the same
time, the Ti-rich near-interface matrix could counteract the
diffusion of Ti and Mg between the interfacial layer and
the Mg matrix. As a result, the TiO2 nanoparticles were
retained and TiC was formed in the TiO2–Cf composite. On
the contrary, in the Al2O3–Cf composite, no Al2O3 and Al4C3

were observed. This is consistent with our recent study [9]
that remaining ZrO2 and ZrC could be found in the interfacial
layer of YSZ CfMMC since the mixture enthalpy of Zr–Mg
system is 6 kJ/mol [26].

As the products of interfacial reaction, Ti could accumulate to
the near-interface matrix, as shown in Fig. 3(d). Since it is difficult
to dissolve Ti into the Mg matrix (DHMix

Ti—Mg is 16 kJ/mol [26]) and the
melting point of Ti is much higher than that of Mg, a solid rich-Ti
film would be formed between interfacial layer on Cf and Mg ma-
trix. The solid rich-Ti film could not be moved away by molten Mg
matrix and plays the role of restraining the atom diffusion (Mg), in
the processing of interfacial reaction. As a result, the interfacial
reaction could be restrained and some remained TiO2 could be
found in the interfacial layer, as shown in Fig. 7(b). On the contrary,
since it is easy to dissolve Al into molten Mg matrix (DHMix

Al—Mg is
�2 kJ/mol [26]), the Al2O3 was depleted and no remained Al2O3

could be found in the Al2O3–Cf composite, as shown in Fig. 5. In
the present study, the interaction between interfacial reaction
product (e.g. Ti) and interfacial reaction is called self-regulating
mechanism. It is thought that the self-regulating mechanism has
a certain worth to control the interfacial reaction in MMCs.

5. Conclusions

1. Using the sol–gel coating method, an uniform and smooth c-
Al2O3 and anatase-TiO2 coatings were obtained on the surfaces
of Cf. The 45 vol.% Cf/Mg composites were successfully fabri-
cated using the pressureless infiltration process in vacuum, pro-
ducing a tensile strength of 550 MPa and 980 MPa, respectively.

2. MgO nano-particles were the main components of the interfa-
cial layers, since Mg could react with both c-Al2O3 and ana-
tase-TiO2 coatings. The thickness of the interfacial layers was
about 20 nm and the size of MgO particles was 10–20 nm and
3–5 nm, respectively, in the Al2O3–Cf and TiO2–Cf composites.

3. The interfacial reaction led to volume expansion of interfacial
layer. The volume expansion rate for the transformation from
Al2O3 to MgO and from TiO2 to MgO was about 21.8% and
8.7%, respectively. As a result, some crystal defects were formed
in the interfacial layer and became severe as the volume expan-
sion rate increased.

4. In the TiO2–Cf composite, a small quantity of deoxidized Ti dif-
fused to the surfaces of Cf and reacted with Cf to form tiny TiC
particles, and some remaining TiO2 particles could be observed
near the surface of Cf. Nevertheless, neither Al2O3 nor Al4C3

were detected in the Al2O3–Cf composite.
5. A new self-regulating mechanism of interfacial reaction was

revealed. Because the product Ti of interfacial reaction was dif-
ficult to dissolve into the molten Mg matrix, Ti would accumu-
late at the matrix near the interface to form a layer with a high
concentration of Ti. This layer could counteract the diffusion
between the interfacial layer and matrix, thereby inhibiting
the interfacial reaction.
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