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Recently, Ti3SiC2 and Ti3AlC2 have received increas-
ing attention because they show both metallic and ce-
ramic properties simultaneously. Like metals, they are
thermally and electrically conductive, easy to machine
with conventional tools, and resistant to thermal shock;
like ceramics, they have high strength, high melting
point and thermal stability [1].

The fabrication of single-phase, bulk dense sam-
ples of Ti3SiC2 and Ti3AlC2, however, has proved
to be very difficult. Recently, Barsoum et al. have
fabricated high-purity Ti3SiC2 and Ti3AlC2 polycrys-
tals by hot isostatically pressing (HIP) a mixture of
Ti, graphite and SiC powders, and Ti, graphite and
Al4C3, respectively [2, 3]. However, the process was
very complex. More recently, our research revealed
that appropriate addition of aluminum (or silicon) im-
proved the synthesis of Ti3SiC2 (or Ti3AlC2), and poly-
crystalline bulk Ti3SiC2 and Ti3AlC2 materials with
high purity could be fabricated by hot pressing (HP)
[4, 5].

The objective of this work was to fabricate
highpurity Ti3SiC2 and Ti3AlC2 using Spark Plasma
Sintering (SPS) technique.

All of the work was conducted using powder mix-
tures of TiC (99.2% pure, 8.4 µm), Ti (99.0% pure,
10.6 µm), Si (99.5% pure, 9.5 µm), and Al (99.8%
pure, 12.8 µm) (all from Institute of Non-Ferrous Met-
als, Beijing, China). In brief, the mixture with a de-
signed composition was firstly mixed in ethanol for
24 hrs, then placed in a graphite die, 20 mm in di-
ameter, and finally sintered in a spark plasma sin-
tering system. The samples were heated at a rate of
80 ◦C/min until the requisite temperature was reached;
the soaking times were 8 min, and the pressure was
30 MPa. The density of the sintered products was mea-
sured by the Archimedes’ method. The sintered product
was characterized by X-ray diffraction (XRD) using
a rotating anode X-ray diffraction (Model D/MAX-
RB, RIGAKU Corporation, Japan). The microstruc-
tures of the samples were investigated using scanning
electron microscopy (SEM) (Model JSM-5610LV, Jeol
Ltd., Japan).

Shown in Fig. 1 are the X-ray diffraction patterns
of samples obtained from the mixture of raw materials
of 2TiC + 1Ti + 1Si + 0.2Al (moles). When sintered at
1150 ◦C, the main phase was Ti3SiC2. However, the
peak of TiC (2θ = 41.82 ◦), which was very weak in
contrast with those of Ti3SiC2 was present. When the
sintering temperature reached 1250 and 1300 ◦C, the

product was pure Ti3SiC2; no phase but Ti3SiC2 was
identified by X-ray diffraction.

Fig. 2 shows the X-ray diffraction patterns of sam-
ples obtained from the mixture of raw material ingre-
dients of 2TiC + 1Ti + 1Al + 0.2Si (moles), i.e., 0.2
moles of Al were substituted by the same amount of
Si. Weudged from the X-ray diffraction patterns, for
sample sintered at 1150 ◦C, that the product reached
a high purity, since very weak peaks of TiC (2θ =
41.82 ◦) and Al3Ti (2θ = 47.3 ◦) were identified by
X-ray diffraction. For samples sintered at both 1200
and 1250 ◦C, the products were pure Ti3AlC2; no
phase but Ti3AlC2 was identified by X-ray diffrac-
tion. When the temperature reached 1300 ◦C, the
peak of TiC reappeared, which indicates Ti3AlC2
has decomposed according to the reaction Ti3AlC2 →
TiC + Al↑

Figure 1 XRD patterns of samples from the starting raw materials made
of 2TiC + 1Ti + 1Si + 0.2Al (moles).

Figure 2 XRD patterns of samples made from the starting raw materials
2TiC + 1Ti + 1Al + 0.2Si (moles).
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Figure 3 SEM micrographs of the fracture surfaces of: (a) Ti3SiC2 and
(b) Ti3AlC2 synthesized at 1250 ◦C.

Fig. 3 shows the scanning electron micrographs of
the fracture surfaces of Ti3SiC2 and Ti3AlC2 materials
synthesized at 1250 ◦C. The grains of both Ti3SiC2 and
Ti3AlC2 were plate-like. Ti3SiC2 grains are 2–10 µm
in the elongated dimension, while Ti3AlC2 grains are
5–20 µm.

The densities of Ti3SiC2 and Ti3AlC2 materials
prepared at 1250 ◦C were measured to be 4.47 and
4.21 g/cm3, i.e., 98.7 and 99.1% of their theory den-
sities, respectively.

It is concluded that polycrystalline bulk
Ti3SiC2 and Ti3AlC2 materials with high purity
and density can be fabricated by spark plasma
sintering.
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