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However, it should be noted that the change in pH does not 
exceed 0.5 units, therefore, does not affect the overall stability 
of the composite slurry.

Fig. 5. The pH of suspension of different titanium content, for slurry 
with solid phase concentration of 45 vol.%

Fig. 6 shows the study of casting rate as a linear depend-
ence of square of wall thickness of cake versus casting time. The 
used slurry  was characterized by good castability, good fluidity 
and low sedimentation rate. The velocity of casting rate (V) is 
about 1,12 mm2/min. It means that such slurry can be applied 
to obtain a ZrO2-Ti composite with complex shapes with define 
wall thickness in quite short time.

Fig. 6. Square of wall thickness of cake (d 2) versus casting time (slurry 
of 35% solid phase with content 10 vol.% Ti)

The effect of solids content on viscosity as a function of 
shear rate is showed in the Fig. 7. For slurry with 35 vol.% of 
solid phase the viscosity had the lowest value. Between suspen-
sion of 40 and 45 vol.% of solid phase different in viscosity was 
slight. For the slurry with 50 vol.% of solid phase the viscosity 
was much higher. However, the viscosity of all slurries was 
low enough to pour them into the mould and it filled the mould 
properly.

Fig. 7. Viscosity of the prepared slurries with different concentration of 
solid phase and 10 vol.% Ti content as a function of shear rate

The viscosity of slurries with different volume content of 
Ti is showed in the Fig. 8. The highest viscosity was observed 
for slurry without titanium particles. The slurry with 10 and 
15 vol.% of titanium characterized by similar depending on 
viscosity and shear rate. With the increase of titanium volume 
content, the viscosity of slurries decreased.

Fig. 8. Viscosity of the prepared slurries of 45% solid phase with various 
volume content of Ti as a function of shear rate

The decrease of viscosity could be connected with particle 
sizes of powders. Generally for the same volume fraction of 
powder the suspensions with smaller particles shows higher 
viscosity than the suspension with bigger particles. This effect 
is related with amounts of particles and distance between them 
which is greater in suspensions containing bigger particles. 
Therefore, the particles do not collide so often so the friction 
between particles is smaller and  hence viscosity is reduced. In 
this research some volume of small zirconium particles is re-
placed by the same volume of bigger particles of Ti. It is mean 
that the average distance between particles increases while the 
number of particles in slurry decreases. As a result the viscosity 
decreases with increasing content of Ti.
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As it was mentioned, one of the important features of the 
suspension for slip casting is preventing sedimentation. Although 
the stability of  slurry can be predicted by zeta potential meas-
urements, the sedimentation of “real” ceramic suspension can 
occurs. Usually this is due to low volume fraction of powder, 
low viscosity and especially high density of powders.  That is 
why the sedimentation test gives an important information about 
behaviour of slurry during casting. In the study, the sedimenta-
tion test was carried out for two slurries with 10 vol.% of Ti 
and solid concentration of 40 and 50 vol.%. This test showed 
that in both cases after 1 hour, 8 h and 16 h no phase separation 
were observed. In Fig. 9 the results of sedimentation test after 
16 h are presented.

The high concentration of solid phase makes the distance 
between the particles of powder quite small what allows them 
to stabilize together by mutual repulsion on the principle of 
electrostatic interactions. If the concentration of solid phase was 
not so high that despite the high value of zeta potential large  
particles of titanium with a relatively high density sediment in 
the gravitational field of the earth.

Fig. 9. Sedim entation test for selected slurries, picture after 16 h

Research has shown that with increasing concentration 
of solid phase for the fixed concentration of Ti, the density of 
green bodies formed by slip casting increases (Fig. 10). A higher 
solid content promotes more particle- particle interaction, hence 
decreases the space between particles occupied by water and 
consequently increasing the relative density [17]. However for 
increasing Ti concentration in slurries with defined solids content 
the relative density of green samples decreases. (Fig. 11). This 
may be related to the wide diversity of powder size. Micrometric 
sized titanium particles probably block rearrangement of particles 
during settling and decreasing the particles packing.

The selected slurry with the solid phase concentration of 
45 vol.% and the titanium content of 10 vol.% was used to pre-
pare samples for SEM observations of fracture of green body 
and sintered sample.

The observations of green body fracture showed homog-
enous distribution of titanium particles in ZrO2 matrix. Single 
metal particles were closely surrounded by nano-size powder 
particles of ZrO2 (Fig. 12). The microstructure of composite also 
includes pores resulting from the fact that the sample has approx. 

51% of relative density. Such good homogeneity of samples was 
obtained due to the sufficiently high zeta potential and a high 
volume fraction of powders.

Fig. 10. De pendence of the concentration of solid phase in slurry 
(10 vol.% Ti) on green density

Fig. 11. The effect of Ti concentration on green density of slurry with 
45 vol.% solid phase

Fig. 12. The  fracture of the green body, ZrO2 – 10 vol.% Ti composite 
from slurry with 45 vol.% of the solid phase

Preliminary observations of fracture of the sintered at 
1450°C for 2 h in Ar atmosphere samples also showed a ho-
mogenous distribution of titanium particles in a ceramic matrix 




