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Abstract

A SiC/TiC laminated structure was fabricated by electrophoretic deposition (EPD) from acetone-based suspensions. The formation rate of
SiC is almost twice of that of TiC at the same deposition voltage and solid loading. The laminated material was then pressureless sintered.
Without sintering additives, the composites cannot be densified by pressureless sintering even at 2000◦C.
© 2003 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Laminar ceramic composites are synthesized by tape cast-
ing [1,2], slip casting[3], centrifugal casting[4], dough
rolling [5] and self-propagating high temperature synthesis
[6]. In the nineties of last century electrophoretic deposi-
tion (EPD) has gained interest in the production of laminar
ceramic composites.

EPD is a colloidal processing technique for ceramics[7].
It has been employed to fabricate coatings, thin films[8,9].
Laminar materials can also be produced via EPD. When the
desired thickness of the first layer is reached, the deposition
electrode can be moved to a second suspension for deposi-
tion of a layer of different composition. By changing back
and forth, a layered material is readily obtained. Sarkar and
Nicholson [7] have produced ZrO2/Al2O3 laminates with
alumina layers as thin as 12�m and zirconia layers of 2�m
from ethanol-based suspensions. Ferrari et al.[10] and Fis-
cher et al.[11] produced alumina/zirconia laminates from
aqueous suspensions. Vandeperre and co-workers made a
range of SiC-based laminates with graphite[12], and porous
SiC interlayers[13]. In this study, the fabrication via EPD of
SiC/TiC laminar ceramics was investigated using an acetone
base suspension. The material was pressureless sintered at
2000◦C for 1 h.
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2. Experimental

The following starting powders were used: (1) TiC pow-
der (Zhuzhou, PR China) with a density of 4.93 g/cm3, spe-
cific surface area of 4.8 m2/g, and a mean particle size of
0.6�m; (2) SiC powder (Norton, USA) with a density of
3.1 g/cm3, specific surface area of 6.8 m2/g, and a mean par-
ticle size of 0.6�m. A suspension of 50 g/l TiC (or SiC) in
acetone was prepared in an airtight glass container. It was
placed in an ultrasonic bath for 15 min. The electrolytic cell
is a glass beaker containing the counterelectrode stainless
steel and the working carbon paper electrode. The effective
surface areas of both cathode and anode were 6 cm2 each.
The distance between the anode and the cathode was con-
stantly 3 cm. The schematic diagram of the cell and the cir-
cuit used for the electrical measurements are presented in
Fig. 1. Layered composites were obtained by sequential de-
position experiments alternatively changing both slurries to
form deposits with different numbers of layers, up to 20.
Each layer was formed after 1 min deposition. The layered
deposits were left in a cabinet drier more than 5 h for drying.

3. Result and discussion

The voltage evolution along the 10 min EPD experiment
for both slurries is plotted inFig. 2. The voltage increases
rapidly during the first minute of the deposition process and
remains constant for longer deposition times. The measured
voltage is always higher for the TiC slurry because of its
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Fig. 1. Setup of EPD experiment.

Fig. 2. Voltage variation of TiC and SiC suspensions during 10 min
deposition experiments.

lower conductivity. Deposits of both materials were pre-
pared at different deposition times under similar conditions
to evaluate the growth rates. The results can be seen inFig. 3.
As observed, a linear growth with time is obtained for both
materials. The formation rate of SiC is almost twice of that
of TiC at same condition. However, fromFig. 2 the volt-
age does not increase any more after the first minute of the
deposition. This means that the resistance of the formed de-
posit is very low and the registered voltages must be related

Fig. 4. The SEM morphology of the pressureless sintered SiC/TiC laminated structure.

Fig. 3. Growth rates of SiC and TiC vs. time in same current density and
suspension concentration.

only to the electrical conductivity of the slips. The origin
of this effect must be found in the nature of the electrode,
consisting of an easily oxidizable substance, as Zn. During
the EPD tests in aqueous media, Zn2+ cations are formed
in the substrate, which can easily move through the deposit
by either diffusion or migration phenomena[14].

Fig. 4 shows the scan electron micrographs of the pres-
sureless sintering of the laminated structure. It is obvious
that the silicon carbide was not sintered for there were no
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Fig. 5. XRD analysis of the SPS SiC/TiC laminated structure.

Table 1
The densities of the green deposits and sintered composites

Samples Green SiC
deposit

Green TiC
deposit

Pressureless
sintered SiC/TiC

Relative density (%) 60.1 59.6 90.2

additives. The pressureless sintering of pure silicon carbide
is very difficult. The sintering of TiC is easier relatively.
More denser TiC can be observed inFig. 4.

The densities of the green deposits and sintered compos-
ites were measured by Archimedes’ method are shown in
Table 1. The green density of the SiC and TiC deposits were
measured respectively. Without sintering additives, pressure-
less sintered sample has a very low density. Further research
on the densification of the material should be carried out
later. The XRD analysis of the sample is shown inFig. 5.
There are only SiC and TiC phase in the composites.

4. Conclusions

EPD was demonstrated to be an effective technique in syn-
thesizing laminated structure ceramics. SiC particles have
bigger formation rate than TiC particles at the same deposi-
tion voltage and solid loading. Pressureless sintering cannot
densify the SiC/TiC laminated structure without sintering
additives.
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