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Magnesium matrix composites reinforced with TiC particulates was prepared using a new in-situ synthesis
method of remelting and dilution technique. And measurements were performed on the composites. The results of
x ray diffraction (XRD) analysis confirmed that TiC particulates were synthesized during the sintering process, and
they retained in magnesium matrix composites after the remelting and dilution processing. From the microstructure
characterization and electron probe microanalysis (EPMA), we could see that fine TiC particulates distributed

uniformly in the matrix material.
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1. Introduction

Magnesium alloys is promising materials because of their low
density, high specific strength, high specific stiffness, good dimen-
sional stability and high damping capacity. The use of magnesium
alloys in automobile parts is predicted to increase globally at an
average rate of 15% per year'. But the ultimate tensile strength (UTS)
of magnesium alloys is low, and they can not be applied under high
temperature. Comparative to magnesium alloys, magnesium matrix
composites is an excellent candidate because of its higher specific
stiffness, higher specific strength and good elevated temperature creep
properties®. Presently, magnesium matrix composites is synthesized
using ex-situ synthesis technology such as powder metallurgy, stir
casting, pressure infiltration etc. But the size of reinforcements in the
composites is large, which leads to a limited improvement of me-
chanical properties. Manoharan et al.’ prepared elemental magnesium
and magnesium-silicon carbide composites using the methodology
of fluxless casting followed by hot extrusion. The results of ambient
temperature tensile testing on the extruded Mg and Mg/SiC samples
revealed that elastic module of the composites increases only with
the increasing of SiC particulates, and ultimate tensile strength and
ductility of the composites reduce. Hassan and Gupta* synthesized
commercially pure magnesium reinforced with 3.2 vol% of nickel.
Mechanical properties characterization revealed that the presence of
nickel as reinforcement led to a significant increase in elastic modu-
lus of the composites, but a limited increase in 0.2% yield strength
and UTS of the composites. Trojanova et al.’ prepared Mg-1%Al,0,
materials using powder metallurgy technique. Only the damping
capacity of the materials increased due to the improvement of dis-
location density. In summary, the mechanical properties of metal
matrix composites (MMCs) prepared by ex-situ synthesis technique
improved little because of the large size of reinforcement and bad
interface between magnesium matrix and reinforcements.

Compared to those ex-situ synthesis techniques, in-situ syn-
thesis method is a new technique to prepare composites owing to
many advantages, e.g. fine reinforcements, clean interface between
matrix and reinforcement and good mechanical characterization®’.
Wang et al.® synthesized magnesium-based composites reinforced by
in-situ particulates. The results showed that mechanical properties of
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the composites increase much. But the reaction of Al-Ti-C perform
in molten magnesium is precarious and uncontrollable. So we must
research other in-situ synthesis methods to prepare magnesium
matrix composites. Remelting and dilution (RD) technique is one of
the in-situ synthesis methods. The RD technique contains two steps.
Prefabricated block that consists of reinforcements is prepared firstly,
and then prefabricated block is diluted into metal matrix melt to
synthesize composites. RD technique is controlled easily, and it can
be wide applied in industry field, which is advantageous to fabricate
magnesium matrix composites compared to SHS reaction technology.
Some metal matrix composites, for example Cp/Al- Si-Mg’, were suc-
cessful prepared using RD technique. Until now, magnesium matrix
composites have not been synthesized using this technique.

Accordingly, the primary aim of the present work was to in-situ
synthesize magnesium matrix composite reinforced with TiC ceram-
ics particulate using RD technique. And then magnesium matrix
composites were examined by x ray diffraction (XRD), scanning
electron microscope (SEM), energy dispersive x ray detector (EDX)
and electron probe microanalysis (EPMA).

2. Experimental Procedures

In this study, magnesium was used as the base materials. Alu-
minum, titanium and graphite powder were used as base materials
of prefabricated block. Firstly, aluminum, titanium and graphite
powder whose weight percentage were 50, 37.5 and 12.5% were
mixed for 8 hours using ball mill under argon atmosphere protection.
The weight ratio of ball and powder is 5:1. Subsequently, the mixed
powder reacted at 1400 K in high frequency furnace under argon
atmosphere after they had been extruded to cylinder (® 30 mm X
50 mm) under 15 MPa presses. Magnesium was superheated to
1023 K under SF, + CO, gas atmosphere protection in a steel crucible.
Then prefabricated block was put into magnesium melts according
to 8% weight percentages of TiC particulates in magnesium matrix
composites. Then the mixed melts was maintained for 10 minutes
at 1023 K. Then the superheated slurry was stirred by two blades
steel stirrer at the speed of 200 r/min to facilitate the incorporation
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and uniform distribution of reinforcement particulates in the metal-
lic matrix. Finally, the mixed melts was poured into metal mould to
synthesize 8 wt. (%)TiC/AZ91 composites.

In order to identify the primary reaction products and the phase
of magnesium matrix composites, XRD analyses were carried out.
Philip S-52 scanning electron microscope and EPMA were applied
to determine the size and distribution of TiC particulates.

3. Results and Discussion

3.1. Results of phase analysis

During the sintering process, the Al-Ti-C powder system reacted.
The reactive equation and their reactive free energies at 1400 K (AG)
were listed as follows!?:
3A1+Ti — TiAl,
TiAL + C — 3Al + TiC
Ti+ C — TiC

AG = - 3.724 kJ/mol
AG = - 74.02 kJ/mol
AG =-167.72 kJ/mol

It was presumable form these reaction equations that the mixed
powders reacted as the reactive equation: Al + Ti + C = Al + TiC
ideally. So the final products of mixed powder were TiC and alu-
minum ideally.

The XRD results corresponding to magnesium matrix composites
and prefabricated block were shown in Figure 1. The results revealed
the presence of TiC phase in composites and prefabricated block.
Alumina was discovered in the prefabricated block for aluminum was
oxidized during mixing process and sintering process (as shown in
Figure 1a)). Subsequently, alumina disappeared in magnesium matrix
composites due to its poor wettability with magnesium matrix. The
presence of Mg Al , phase in the composites sample was identified,
as showed in Figure 1b. During solidifying process, aluminum dif-
fused into magnesium melts and formed Mg Al , phase after reacted
with magnesium. The presence of Mg Al , phase in the composites
sample was revealed (as shown in Figure 1).

3.2. Microstructure characterization

Microstructure characterization conducted on prefabricated block
and magnesium matrix composites was discussed in terms of size
and distribution of TiC particulates. The results of scanning electron
micrographs revealed a uniform distribution of TiC particulates and
the fine size of TiC particulates (as shown in Figure 2). Microstructure
characterization of prefabricated block consists of white piece, grey
structure and white particulates whose size is about 0.5-1.0 wm. For
the three zones, element contents analyses were made. The results
were listed in Table 1. According to the results, it was confirmed
that the white piece is aluminum, the grey structure is mixed with
aluminum and TiC particulates, and the white particulates is TiC
particulates. Aluminum acted as a medium to accelerate the reac-
tion of titanium and graphite during sintering process. The uniform
distribution and the fine size of reinforcement in prefabricated block
were also due to the high efficiency mixing of ball mill.

After prefabricated block has been put into magnesium melt, alu-
minum and TiC particulates diffuse into magnesium melt uniformly.
During solidifying process, aluminum reacted with magnesium to
synthesize Mg .Al , phase. TiC particulates remained in magnesium
matrix uniformly and parts of them were pushed into grain bound-
ary. So it was found that the presences of little agglomeration of TiC
particulates are adjacent to Mg Al , phase (as shown in Figure 2b
and Figure 3). However, the uniform distribution of TiC particulates
in Mg Al , phase was also discovered (as shown in Figure 3b). It was
also estimated from Figure 3 that the size of TiC particulates is about
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Figure 1. X ray diffraction patterns of samples a) prefabricated block; and b)
magnesium matrix composites.

Table 1. Element contents analysis in different zone of Al-Ti-C sintered
blocks.

Zone Element contents (wt. (%))
Al Ti C O
White piece 95.6 2.1 L5 0.8
Grey structure 55.7 34.6 8.6 1.1
White particulates 5.1 74.6 18.5 1.8

0.5-1.0 um. TiC particulates dispersed well due to its fine wettability
with magnesium matrix and fine size''. Uniform distribution of TiC
particulates obtained in the present study could be mostly attributed
to the judicious stirring. The judicious selection of stirring parameters
is important, which ensured uniform incorporation of reinforcements
particulates in magnesium matrix melt.

Energy dispersive x ray detector (EDX) analysis of magnesium
matrix composites was conducted on square area in Figure 2b. The
results of EDX analysis revealed that there are 6.43 wt. (%) titanium,
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Figure 3. SEM analysis of magnesium matrix composites a) pattern; and b) Tik  area scanning.

1.58 wt. (%) graphite and 8.36 wt. (%) aluminum in magnesium
matrix composites (as shown Figure 4). It could be calculated that
there is about 8.01 wt. (%) TiC particulates in magnesium matrix
composites for titanium exist by mean of TiC mainly. There is about
3.37% volume percentage of TiC particulates in magnesium alloy
matrix by mathematic calculation, which is consilient with numeri-
cal estimate about Figure 3. There is 8.36 wt. (%) aluminum in the
magnesium matrix composites, which is consilient with that of AZ91
magnesium alloy.

4. Conclusion

Magnesium matrix composites reinforced by TiC ceramic particu-
lates were in-situ synthesized successfully using RD technique. Final
products of prefabricated block are TiC and aluminum ideally, and the
size of TiC particulates is 0.5-1.0 pm. The uniform distribution of TiC
particulates in magnesium matrix is identified with microstructural
characterization and EPMA, which could be mostly attributed to
judicious stirring, fine reinforcements and good wettability between
magnesium matrix and TiC particulates.
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Figure 4. EDX analysis of magnesium matrix composites.
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