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transition temperature, microstructure and properties of 
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The influence of chemical composition on the ductile brittle transition (DBT) temperature, 
microstructure and mechanical properties of cermets based on titanium carbide (chemical 
composition of cermets TiCx, (x= 0.55; 0.65; 0.75 and 1.0) - nickel-based superalloy (Russian 
Trade Mark GS6U containing (wt%) Ni-10W-10Co~Cr-5.5AI-2.5Ti-2Mo-0.15C)was 
studied. It was shown that high strength in cermets can be achieved if the structure of the 
frames is retained and the DBT temperature of the refractory phase is controlled. By 
changing the microstructure and its homogeneity, the chemical composition of the frames, 
the porosity value and the binding material, it is possible to synthesize new cermets for 
certain temperature regions. The optimum operating temperature of such materials 
depends on the DBT temperature and the temperature of the transition to a superplastic 
state of refractory phases. 

1. Introduction 
Cermets based on transition metal carbides are widely 
used for the production of cutting tools and forming 
equipment for cold.- and hot-forming. They also have 
other fields of application, where high hardness, wear 
resistance, high-temperature strength and corrosion 
resistance are required (for example, oil-extracting 
and oil-processing industries). Therefore, the determi- 
nation of the optimum combination between the 
strength characteristics of materials and their viscosity 
is the main problem in selecting cermets. This problem 
is often solved by the formation of such structure 
in which each refractory particle is surrounded by 
the metal-binding layers (for example, by means of 
liquid-phase sintering [1] or high-temperature self- 
propagation synthesis with subsequent force compac- 
tion during cooling (SHS) [2]). The properties of such 
materials usually depend on the properties of metal- 
binder phases. 

The cermets consisting of two mutually penetrating 
frames of metal and refractory phases are more prom- 
ising for high-temperature application compared to 
the cermets consisting of metal matrix with the uni- 
form distribution of refractory particles. The major 
load in such cermets is borne by the refractory com- 
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pound frames, whereas the metal phase inhibits 
the propagation of cracks occurring in the vicinity of 
stress concentrators. However, the brittleness of 
frames considerably limits the application of such ma- 
terials and leads to the abrupt decrease of the general 
strength level of cermets. The creation of diffusion 
zones in carbide grains also results in the reduction of 
the high-temperature strength of cermets [3-5]. 

New possibilities in the design of plastic frames 
can be achieved by changing the chemical composi- 
tion and the microstructure type of refractory com- 
pounds. This allows the control of the ductile-brittle 
transition temperature of frames [6]. The transition 
metal carbides with a wide homogeneity area are 
most suitable for such frames of this type. The 
ductile-brittle transition (DBT) temperature of these 
compounds depends on the deviation of the 
stoichiometric composition and can be changed with- 
in a wide temperature region [7]. 

This work studied the influence of the chemical 
composition and the microstructure type of refractory 
frames, produced by SHS and powder metallurgy, 
on the high-temperature mechanical properties of 
cermets, based on these frames, and ways to improve 
their structural strength. 
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different mixtures of titanium powders with titanium 
carbide were prepared. The necessary chemical com- 
position of titanium carbides was achieved by vacuum 
sintering of these mixtures at high temperatures. The 
porosity of these frames approximated 30%; however, 
the microstructure was greatly inhomogeneous both 
in grain size and in pore distribution (Fig. lb). 

The cermets were produced by the method of vac- 
uum infiltration of porous frames by the nickel-based 
superalloy (Russian Trade Mark GS6U containing 
(wt %) Ni-10W-10Co-9Cr-5.5A~2.5Ti-2Mo-0.15C) 
at 1500 ~ for 0.5 h [5, 6]. 

Owing to the absence of a reliable technique for 
the determination of the DBT temperature by plas- 
ticity, that temperature was determined indirectly by 
strength changes. 

Both the microstructure and the fracture surfaces of 
samples were studied using the Neophot-32 optical 
metallographic microscope and the JSM-840A scann- 
ing electron microscope with the energy-dispersive 
analysis device LINK; the chemical and phase com- 
positions of the samples were investigated by means of 
X-ray analysis. 

The porosity of the initial frames was measured 
both by the hydrostatic weighing method and by 
the quantitative metallography method. High-temper, 
ature compression tests were conducted at temper- 
atures up to l l00~ in air using the Instron-type 
mechanical testing machine. 

Figure I The microstructure of titanium carbide frames, (a) produc- 
ed by means of SHS, (b) produced by means of powder metallurgy. 

2. Experimental procedure 
Titanium carbide is the most convenient object for 
such studies because this material possesses a wide 
area of homogeneity (C/Ti ratio can change from 
0.5-1.0 [7]) and is extensively used for the production 
of cermets. The porous frames of different chemical 
compositions (TiCo.ss, TiCo.65, TiCo.75 and TiCl.o) 
were produced by means of SHS. The powders of 
titanium and graphite with maximal size of particles 
< 63 gm were used during preparation of the frames. 

The reaction was initiated after preliminary heat treat- 
ment of the initial powder at 700 ~ the temperature 
of combustion was about 2700~ Pores of these 
frames are distributed homogeneously within the 
volume (Fig. la), while the porosity accounts for 
40%-50%. 

For a comparative analysis, similar frames were 
produced by means of powder metallurgy. In that case 
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3. Results and discussion 
Let us consider the influence of the chemical composi- 
tion of refractory frames on the DBT temperature. 
The results of the high-temperature compression tests 
of frames produced by both methods are shown in 
Fig. 2a and b. As seen from Fig. 2a, 'the chemical 
composition strongly affects the temperature depend- 
ence of the ultimate stress. The titanium carbide 
frames with larger deviation from the stoichi0metric 
composition demonstrate the highest strength at low 
temperatures, and with increasing temperature the 
strength abruptly decreases. On the contrary, the 
titanium carbide frames with less deviation from 
the stoichiometric composition are characterized by 
higher ultimate stress at high temperatures, and with 
reducing temperature these frames fail at lower stres- 
ses. A similar dependence of the ultimate stress is 
observed in the frames produced by means of powder 
metallurgy as well (Fig. 2b). However, in this case the 
stress level is higher than that in SHS frames due 
to the lower porosity. A significant scattering of 
the stress magnitudes takes place for the frames pro- 
duced by means of powder metallurgy, this scattering 
being connected with inhomogeneity of the micro- 
structure. 

The infiltration of the porous frames by the nickel- 
superalloy leads to essential changes of the micro- 
structure and properties of the materials. The frame 
structure is completely retained after infiltration of the 
SHS frames; however, the structure of the frames pro- 
duced by means of powder metallurgy is destroyed at 
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Figure 2 The temperature dependences of the ultimate stress for 
(a) the SHS frames and (b) the powder frames. (�9 TiCo.55, (O) 
TIC0.65, ([7) TiCo.75, (11) TIC1.0. 

larger deviations from the stoichiometric composition 
(Fig. 3a, b). The temperature dependence of the ulti- 
mate stress during compression tests becomes mono- 
tonically decreasing for all cermets (Fig. 4). The clearly 
identified four temperature intervals are observed in 
cermets prepared from the SHS frames, where the 
maximum strength takes place (Fig. 4a). The cermets 
prepared from TiC0.ss frames show the maximum 
ultimate stress at temperatures up to 650~ The 
strength of cermets in this temperature range de- 
creases as the chemical composition of the frames 
approaches the stoichiometric composition. The rise 
in temperature decreases the difference in stresses. In 
the temperature region of 650-750~ the cermets 
based on TiCo.65 frames have the maximum ultimate 
stress. The highest ultimate stress in the third temper- 
ature region (750-950 ~ corresponds to the cermets 
based on TiCo.Ts frames. The cermets based on the 
stoichiometric titanium carbides provide high 
strength at temperatures above 950 ~ 

Such clearly identified stress dependence of the 
chemical composition is not observed in the cermets 
prepared by the powder metallurgy method. The 

Figure 3 The microstructure of cermets produced by the infiltration 
of (a) the SHS-frames and (b) the powder-frames. 

materials having even the highest magnitudes of the 
chemical composition demonstrate almost similar 
strength (Fig. 4b). 

Thus, the results of compression tests indicate that 
cermets produced by infiltration of the SHS frames 
with different chemical compositions show the max- 
imum strength only in certain temperature regions. 
However, the changes of properties are not observed 
in the cermets produced by infiltration of powder 
frames. Such behaviour of cermets with different types 
of refractory frames can be explained by the changes 
of the microstructure and properties of carbide frames. 
For the SHS cermets, a brittle fracture of frames 
occurs at temperatures lower than the DBT temper- 
ature, when local stresses arise. In this case, the mech- 
anical properties of cermets are mainly determined by 
the properties of the metal-binding phase. At temper- 
atures above the DBT temperature, the refractory 
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2500 The DBT temperature is a structurally sensitive 
parameter and its value is dependent on the homo- 
geneity of the microstructure. The change of the DBT 
temperature depending on the chemical composition 
is more clearly observed in the SHS frames with more 
homogeneous microstructure, compared to the pow- 
der frames. The conservation of frames at subsequent 
infiltration provides regular changes of properties. 

The above regularities of the changes in properties 
are also observed in the powder frames, although the 
inhomogeneity of their microstructure somewhat de- 
creases the dependence of properties on the chemical 
composition. However, the fracture of the frame struc- 
ture on infiltration leads to a disappearance of the 
difference in properties for different materials. 

4. Conclusions 
High strength in cermets can be achieved if the frame 
structure is retained and the DBT temperature of the 
refractory phase is controlled. By changing the micro- 
structure and its homogeneity, the chemical composi- 
tion of frames, the porosity value and the binding 
material, it is possible to synthesize new cermets for 
certain temperature regions. The optimum operating 
temperature of such materials depends on the DBT 
temperature and temperature of the transition to a 
superplastic state of refractory phases. 
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Figure 4 The temperature dependences of the ultimate stress for 
the cermets based on (a) SHS-frames and (b) powder frames. (a) (�9 
TIC�9 + superalloy, (0) TIC�9 + superalloy, ([3) TiCo.75 + super- 
alloy, ( I )  TiCl.o + superalloy. (b) (�9169 + superalloy, ( I )  
TIC,.�9 + superalloy. 

frames become ductile and capable of stress relaxation 
due to plastic deformation, which considerably in- 
creases its strength properties. With increase of the 
deviation from the stoichiometric composition, the 
DBT temperature decreases and plastic deformation 
can be carried out at lower temperatures. Conse- 
quently, the strength of cermets increases in this 
region. At higher temperatures, large plastic de- 
formation of refractory and metal-binder phases is 
possible, and the transition of cermets to a superplas- 
tic state at certain temperature-rate conditions can be 
observed [8, 9]. Owing to that, the strength of cermets 
sharply decreases. At these temperatures the materials 
with frames close to the stoichiometric composition 
exhibit high strength, because the DBT temperature is 
only being achieved in them. 
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