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Abstract 

Dense zirconia (8 % molar yttria-stabilized ZrO2)-titanium nitride (TiN) composites are fabricated 

to obtain mixed ionic-electronic conducting ceramic systems with high degree of electronic and 

thermal conductivity. The composites are consolidated by spark plasma sintering (SPS), starting 

from pure powders of the pristine phases mixed in different ratios (TiN = 25, 50, 75 wt. %). A 

careful optimization of the SPS conditions allows producing highly dense samples with no reaction 

between the phases or degradation by oxidation, thus maintaining the chemical integrity of the two 

phases. For all the composites, high electrical conductivity is attained. Samples exhibit metallic 

behavior, showing an unexpected percolation of TiN in the YSZ matrix for volume fraction ≤ 25 

wt.% (27 vol.%). Chemical degradation and electrical properties of the compounds were monitored 

under oxidative (air) and inert (Ar) atmosphere at high temperatures. The oxidation kinetics of the 

nitride phase was inhibited by the microstructure of the composite. The electrical properties of such 



composites were explored at high temperature to evaluate its application in electrochemical devices. 

As results, it is shown that electrical transport properties of the composite can be tuned by both the 

relative volume fraction of phases and controlled oxidative treatments. Adjusting such parameters 

different electric behaviors were observed ranging from predominant electronic conductors, to 

temperature-independent resistivity, and semiconducting. 

Keywords: yttria-stabilized zirconia; TiN; Composite; spark plasma sintering; mixed ionic-

electronic conductors 

 

Introduction 

Engineering advanced ceramic composites has become a key step to obtaining 

unprecedented materials properties. Such composites are increasingly important to the advancement 

of several strategic technologies, including structural components for harsh environments [1], 

energy [2], catalysis [3], and electronics [4]. Such advanced applications rely on properties that are 

rarely found in single-phase materials. The main idea in making advanced ceramic composites is, 

thus, achieving a synergy between functionalities and properties of the components. Some examples 

are matching lightness and/or microstructural properties of one ceramic with mechanical strength of 

another [5], as well as combining different electrochemical properties in one single material, [6,7]. 

Ceramic composites are often made of electro-ceramics, where electric, mechanical, thermal,  

properties are combined, attaining superior resistance to thermal or chemical stress at high 

temperatures and harsh environments [6–12]. This is the case of high temperature catalysis [13], gas 

separation membranes [14] and gas conversion reactors [15], where high mixed ionic-electronic 

conductivity (MIEC) is desired in order to achieve the suitable performances. 



Metallic-like electrical conductivity is essential for decreasing ohmic losses in ceramic 

components. Delocalized electrons enhance thermal conduction which is crucial for a homogeneous 

temperature distribution, decreasing the likelihood of mechanical failure associated with thermal 

stress in ceramic components [8]. In this context, a large number of ceramic composites have been 

identified in recent years, combining excellent mechanical and electrical performances at high 

temperature [6–8,16–20]. Some composites exhibit functional properties superior to the single 

ceramic components, such as zero temperature coefficient (ZTC) of both thermal expansion and 

electrical/dielectric properties, machinability, etc. [16] Some examples of such remarkable 

composites materials are ZrO2/WC, Si3N4/TiN, ZrO2/TiN and Al2O3/TiC [16]. Such composite 

materials can be machined [19] to complex shapes and replace conventional metal parts in many 

applications]. 

Among those composites, ZrO2/TiN shows remarkable performance at room temperature in 

terms of combination of electrical conductivity and mechanical properties [20–24]. Most of 

previous studies have focused on the mechanical properties of the stabilized-ZrO2/TiN composites. 

The addition of TiN increases both the fracture toughness and the hardness of the composite when 

compared to zirconia [20,24]. Additionally to the improved mechanical properties, an important 

goal of previous studies was to introduce a high electrical conductivity phase into the zirconia 

matrix to allow cost-effective fabrication by electrical discharge machining (EDM) [19]. The EDM 

allows complex and accurate shaping with good surface finish of components that avoids expensive 

mechanical grinding. Although the electrical properties of such composites had not been 

investigated in depth, the introduction of a high electrical conductivity into the stabilized-zirconia 

matrix is interesting for electrochemical applications where ionic conductivity and toughness of the 

zirconia component is combined with both high electronic and thermal conductivities of the TiN. 

Yttria stabilized-zirconia (YSZ) is the standard electrolyte in many applications ranging from 



lambda sensors to solid oxide fuel cells (SOFCs) due to its relatively high oxygen ion conductivity. 

On the other hand, TiN has a strong metallic character resulting in very high electronic 

conductivity. TiN has excellent mechanical properties and is widely used as a surface coating in 

many applications [20,24]. However, while zirconia is a stable material in both reducing and 

oxidizing environments in a wide range of temperature, TiN undergoes chemical oxidation with 

formation of TiO2 at T > 600 °C in air. The oxidation of TiN was reported to initiate from the 

formation of a TiO2 oxide surface layer [25–29]. Progressive oxygen diffusion promotes the 

formation of intermediate titanium oxy-nitride that progressively diffuses to the bulk with a rather 

slow kinetics controlled by diffusion of species through the oxide layer [25,29]. Thus, oxygen 

gradually substitutes nitrogen which in turn, is released in the molecular form from interstitial 

positions through the oxide phase.  

Because of different characteristics of the ceramic phases, sintering of composites formed 

by an oxide and nitrides (or carbides) usually require high temperature and specific techniques both 

to avoid chemical modification of the phases and to promote high densification.  Previous studies 

have significantly advanced the processing of such ceramic composites [21,23,30,31,32,33,34]. To 

form stabilized-ZrO2/TiN composites whilst avoiding the TiN chemical oxidation, samples were 

consolidated by field assisted sintering, i.e. by spark plasma sintering (SPS) [21,23,30,31]. The SPS 

allows fast densification in short time by imposing high electric current under inert atmosphere 

during the compacting process at high temperatures [32]. Such sintering process usually results in 

samples with high density and reduced grain sizes as compared to those of samples produced by 

standard sintering. Thus, to further advance such composites it is important to define both the 

temperature and the oxygen partial pressure conditions in which the outstanding properties of 

YSZ/TiN can be advantageous. The oxidation of TiN imposes an enormous challenge for 



electrochemical applications at high temperature that rely on the MIEC properties of YSZ/TiN 

composites. 

In this study, we explored both the potential and limits of YSZ/TiN composites at high 

temperatures as possible candidates for electrochemical applications, e.g. porous electrodes in solid 

oxide fuel cells (SOFCs), electrochemical sensors, and dense oxygen gas transport membrane 

(OTM). Changes observed in both thermal and electrical properties, investigated in oxidant and 

inert atmosphere, were associated with partial oxidation of titanium nitride. 

 

Experimental 

Composite preparation 

Commercial powders were used as starting materials: i) ZrO2: 8 mol% Y2O3 (YSZ, Tosoh, 

Japan), average particle size 4 µm and ii) TiN (Sigma-Aldrich) average particle size 3 μm. YSZ / 

xTiN composites were prepared in batches of 5 g, in the following weight fractions: x = 0, 25, 50, 

and 75 wt.% TiN, corresponding to volumetric fractions of v = 0, 27.7, 53.4, and 77.5 vol.% TiN 

[35]. Powders were mixed in stainless steel cups with zirconia milling balls (4 mm diameter) and 5 

ml of ethanol using a Fritsch mill Pulverisette 7. Mixing was carried out in 4 cycles, at 500 rpm for 

5 min and 10 min pause between each cycle, with a total effective 20 min mixing time. The mixed 

powders were sieved to remove the grinding media, dried at 120 °C under stirring, and finally 

homogenized in an agate mortar for ~15 min.  

Zirconia-based samples with addition of TiN having high density and high electrical 

conductivity, usually require advanced sintering techniques such as hot pressing and SPS [33,34]. 

Compared to the conventional process, the SPS sintering allows achieving high densities at lower 



temperatures and times, inhibits unwanted reactions, and promotes densification with small grain 

growth [33,34]. Samples YSZ / xTiN were sintered by SPS (SPS 1050 Dr. Sinter Syntex, Inc.) at 

1450 °C for 5 min with a heating rate of 100 °C min
-1

, 0.1 Torr, and 3.7 kN/cm
2
 charging load 

during heating, then held at constant charging load of 9.3 kN/cm
2
 when temperature reached 1450 

°C [35]. The composite powder was inserted into a graphite die/punches set (2 inches diameter). 

The samples were isolated from punches and matrix wall with a graphite foil ~ 0.4 mm thick to 

prevent direct contact with the die and punches. In each SPS run two samples were sintered 

simultaneously by positioning one over the other, with a graphite separator (1.5 mm thickness) 

inserted between the samples. Typical sample dimensions after SPS were ~14 mm diameter and 1 

mm thickness.  

Carbon contamination is usually observed in samples fabricated by SPS. Typically, such 

contamination is easily eliminated by heat treatments at ~900 °C in oxidizing atmosphere. 

However, in the present study the temperature required for carbon oxidation was higher than that 

for TiN oxidation. Thus, to preserve the composites after SPS and remove carbon residues, samples 

were rectified in a diamond wheel that removed ~300 µm from each parallel surface of the samples 

[35]. 

Composite characterization 

Phase identification was monitored by X-ray diffractometry (XRD) in a Rigaku (MinifFlex) 

X-ray diffractometer operating at 30 kV and 15 mA. X-rays diffraction patterns of sintered samples 

were collected in the 20° - 90° 2θ range, with step size 0.05° and 2 s counting time, using Cu Kα 

radiation (λ = 1.5406 Å). Simultaneous thermogravimetric and differential scanning calorimetry 

(TG/DTA) analyses were used for studying the composite stability in different atmosphere. 

Composite powders and fragments cut from sintered samples were analyzed by TG/DTA runs under 



air (oxidative) or Argon (inert) flow (50 mLmin
-1

) with 10 °C min
-1

 heating rate in a Setaram 

Labsys apparatus. The microstructure of sintered composite samples was investigated by scanning 

electron microscopy (SEM, JEOL Model JSM 6010-LA). For SEM analyses, bulk fragments were 

cut from sintered samples, immobilized in epoxy resin and polished in diamond paste down to 

diamond average particle size of 1 µm. Bar-shaped samples, cut from cylindrical pellets, with Pt 

contact pads cured at 100 °C, were used for electrical resistance measurements in both static air and 

Ar flow (pO2~10
-5

 atm) [36,37]. Electrical resistance measurements were performed using a 

Lakeshore 370 resistance bridge and a house made 4-probe alumina sample holder with Pt contact 

leads, from room temperature up to 800 °C during heating and cooling ( 3 °C min
-1

). A digital 

multimeter (Keithley 2000) monitored the temperature measured by a type-K thermocouple 

positioned close to the sample. Resistance and temperature data were automatically collected using 

a homemade LabView software.  

  

Results and discussion 

The SPS process at 1450 °C resulted in high densification (> 95% of the theoretical density) 

regardless the composite composition. Such sintering temperature is lower than the typical ones 

used for sintering TiN-based materials using vacuum sintering or hot-pressing techniques [38–40]. 

Figure 1 shows images of cold fractured surface of sample YSZ/50TiN with the corresponding 

EDX spectra of the different phases. Phase contrast due the different materials properties allowed 

easy identification of isolated dark and bright particles that were associated with TiN and YSZ, 

respectively. Elemental analysis confirmed the phase contrast of phases in the composite sample.  

 



 

 

 

 

 

 

Figure 1: a) SEM image of fractured surface of YSZ/50TiN with corresponding EDX spectra 

for two different grains marked as 1 and 2. (b) for Ti-rich grains (1) and (c) for Zr-rich grains 

(2). 

 

Figure 2 (a-c) shows SEM images of the polished surfaces of YSZ/xTiN samples at different 

magnifications. Both the oxide and nitride phases are well dispersed and homogenously distributed 

in the composite. 



 

Figure 2: SEM images of polished surfaces of YSZ/xTiN composites with x = 25, 50, and 75 

wt.%. Right side images correspond to higher magnification images of left side images. 

 

The SEM images of polished bulk surfaces revealed clean interfaces between oxide and 

nitride with no additional phases, which could result have resulted from both undesired reactions 

between phases or nitride decomposition. Detailed SEM analyses revealed that YSZ/25TiN and 

YSZ/50TiN samples are nearly fully dense, whereas samples with higher amounts of nitride, such 

as YSZ/75TiN, exhibited low residual porosity. Similar trend of the apparent density was 



previously observed in such composites [20,24]. Such an effect is attributed to the high 

concentration of TiN, which is difficult to be densified and inhibits the densification of the 

composite. Phase contrast in SEM images evidences that TiN grains have an irregular shape with a 

broad size distribution, with clusters sizes ranging from submicron size to ~3 µm in YSZ/25TiN 

sample. Increasing the volume fraction of TiN results in larger TiN particles as observed for 

samples with x=50 and 75 wt.% TiN. Average grain size were calculated from high magnification 

images of Fig.1 and the results obtained were ~0.68 µm, 0.95 and 1.0 µm for samples x=25, 50, and 

75%, respectively. 

 The XRD patterns of the samples after SPS were reported elsewhere [35]. The diffraction 

patterns indicate coexistence of the zirconium oxide and titanium nitride phases in the whole range 

of relative compositions. No additional phases, segregation, or TiO2 were detected in the composite 

SPS samples. Lattice parameters calculated from XRD are shown in Table 1 along with apparent 

densities measured by Archimedes method. The calculated values of lattice parameters are close to 

the ones expected for each phase and no significant dependence of lattice parameters on the 

composite relative composition was observed. Such results strongly indicate that no reaction 

between the phases occurred. Measured apparent densities confirmed that SPS composites achieved 

high density, as observed in SEM analysis (Fig. 2). Apparent densities values reflect the increased 

porosity with increasing TiN volume fraction observed in SEM images. 

 

 

 



Table 1: Lattice parameters and density for YSZ/TiN composites. dT is the theoretical 

composite density calculated by the rule of mixtures using dYSZ = 6.02 gcm
-3

 and dTiN=5.24 

gcm
-3

 

Sample 

 

a TiN 

(nm) 

a YSZ 

(nm) 

d 

(g.cm
-3

) 

dT 

(g.cm
-3

) 

d /dT 

(%) 

YSZ/25TiN 0.4240 0.5130 5.7 5.80 98 

YSZ/50TiN 0.4241 0.5134 5.3 5.60 95 

YSZ/75TiN 0.4244 0.5137 5.2 5.42 96 

 

The oxidation of TiN to TiO2 is a well-known reaction, which is usually activated at T > 600 

°C in air [28,29]. In atmospheres other than air, with pO2< 0.21 atm, the reactivity of TiN is less 

known [29]. Since the TiN oxidation is activated at the surface, the reactivity of the TiN embedded 

in the dense YZ composite matrix may be affected by the formation of protective TiO2 layers. 

Figures 3a and 3b show TG/DTA data of dense fragments of SPS samples in air (pO2 = 0.21 atm) 

and Ar flow (pO2 ~10
-5

 atm), respectively. Thermal analyses data show the evolution of the mass as 

function of the temperature (TG) indicating the thermal character of the reactivity of composite 

samples in different gases. 
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Figure 3: TG/DTA curves of SPS YSZ/TiN composites in air (a) and in Argon (b) flow [35]. 



 

In air, the sample x=25 wt % exhibits a mass uptake event  in the 500 - 800°C temperature 

range, associated with an exothermic peak at ~730°C due the oxidation of TiN. The expected total 

mass uptake from the oxidation reaction of TiN for the YSZ/25TiN composite is 7.5%, and the 

calculated value from TG data is ~8%. Therefore, the observed mass uptake value is in agreement 

with the stoichiometry of the composite and suggest that oxidation of TiN was complete. For the 

sample x=50 wt %, similar features were observed. The exothermic peak was practically unchanged 

at 730 °C and the mass uptake onset was shifted to ~560 °C, with a total mass uptake of ~17 % up 

to 1000 °C. Such a mass uptake is also in agreement with the theoretical value expected for the 

x=50% nominal composition (16 %). However, further increasing the TiN content changes the 

oxidation behavior of the composite. The sample YSZ/75TiN has a higher onset for the mass uptake 

(~580 °C) due to TiN oxidation, as compared to other samples. The associated exothermic peak was  

shifted to ~1220 °C and the mass uptake develops over the entire temperature range investigated 

with a total mass uptake of ~21% up to 1400 °C, a value very close to the theoretical one (22%). 

The resistance towards oxidative treatments was further investigated by TG/DTA analyses under Ar 

flow (pO2~10
-5

 atm), as shown in Fig. 3b. For the sample YSZ/25TiN, the onset of oxidation was 

~500 °C, similarly to TG data collected in air, but mass uptake developed over a larger temperature 

range up to ~1200°C. The total mass uptake was comparable to the one measured in air, indicating 

total oxidation of the TiN phase. Nevertheless, the most significant change was observed for 

YSZ/75TiN in which mass uptake (~ 1%) was practically inhibited and the exothermic peak was 

not clearly discerned up to 1400 °C. 

Thermal analysis data showed a strong dependence on the microstructure of the composite. 

It is worthy of mentioning that the TG data (not shown) for the starting TiN powder showed an 

oxidative behavior comparable to that of SPS composite sample with x = 25 wt.%, in both air and 



Ar flow [35]. The main difference is that exothermic peak of the TiN powder was identified at 

lower temperature (660 °C) than that of the SPS composite samples. Therefore, the oxidation of 

dense composites with high volume fraction (x = 50 and 75 wt.%) of TiN was affected by the 

composite microstructure. In composite samples both the high density and the presence of the YSZ 

phase inhibited the oxidation of TiN. Such a feature is probably related to a decreased oxygen 

diffusion rate through the less accessible bulk of TiN particles in the high-density composite media. 

Mass increases as result of N2 release and O2 sorption in oxidative conditions. The TG/DTA 

analyses on SPS composites indicated an increase in mass upon oxidation and a shift to higher 

temperature of the exothermic peak associated with the TiN oxidation that correlates with x, i.e., the 

higher the TiN volume fraction, further the exothermic peak shifts towards higher temperatures. 

Such effects of the TiN volume fraction dependence of the thermal properties were significantly 

greater in Ar flow (low pO2). In summary, TG/DTA analyses show a substantial stability of the 

composites up to 600 °C with a partial oxidation that depends on the amount of the TiN phase in the 

composite and the oxygen partial pressure. 

Figure 4 shows the temperature dependence of the electrical resistivity of YSZ/TiN 

composites under Ar flow (pO2 ~10
-5

 atm).  
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Figure 4: Temperature dependence of the electrical resistivity of SPS YSZ/TiN composites in 

Ar flow: (a) measurements corresponding to the first heating of freshly SPS samples up to 800 

°C; (b) stability of the resistivity of sample YSZ/50 TiN upon heating up to 600 °C [35]. 

 

A first result evident from Fig. 4 is the electronic character of the electrical resistivity of 

composite samples, i.e., resistivity increases with increasing temperature. Both the magnitude and 



the temperature dependence of the electrical resistivity of all samples, including the one with the 

lowest TiN volume fraction x=25 wt.%, i.e. 27 vol.%, exhibited features of the transport properties 

associated with the nitride phase. The results indicate that samples reached the percolation threshold 

for the TiN at volumetric fractions below the standard percolation threshold of 33 vol.% [41]. Such 

an effect is probably related to the microstructural features resulting from both the powder 

processing and the SPS, which promoted the formation of homogeneous and high-density 

composites. Fig. 4a shows that increasing TiN fraction decreased the electrical resistivity of the 

composite while increasing the temperature increases resistivity, a feature that was more 

pronounced in samples YSZ/75TiN above 700 °C. It is worth mentioning that all samples showed 

an increased resistivity upon cooling from 800 °C. According to the thermal analysis such an 

increase of the resistivity could be related to a superficial oxidation of TiN. Therefore, we have 

investigated the stability of the resistivity in a lower temperature range (up to 600 °C) as shown in 

Fig. 4b. Limiting the maximum temperature to 600 °C under Ar resulted in no significant change in 

the magnitude of the resistivity of the sample YSZ/50TiN. 
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Figure 5: Temperature dependence of the electrical resistivity of SPS YSZ/TiN composites in 

Ar flow: (a) measurements corresponding to the first heating of freshly SPS samples up to 800 

°C; (b) stability of the resistivity of sample YSZ/50 TiN upon heating up to 600 °C. Numbers 

indicate the number of the heating/cooling run. 

 

Electrical resistivity measurements were carried out to evaluate the effect of the TiN 

oxidation to TiO2 in the composites at high temperatures. Figure 5 shows 4-probe dc electrical 

resistivity data collected during sequential heating/cooling (h/c) runs for samples x=25 and 75 wt.% 



in air. Interestingly, the chemical evolution of the sample led to non-linear rise in the electrical 

resistivity at high temperatures. Starting from the 2
nd

 h/c run the resistivity increased at lower 

temperatures, indicating a dominant semiconductor character in the samples. Measurements clearly 

show a progressive increase of the resistivity upon the number of h/c runs in perfect agreement with 

the TG/DTA data. However, samples with different TiN volume fractions exhibit different trends. 

For sample x=25 wt.% the first h/c run shows a rather good stability, but increasing the number of 

heating cycles rapidly increases the resistivity and changes the electronic behavior to a 

semiconducting behavior, i.e., the resistivity decreases with increasing measuring temperature from 

the 3
rd

 h/c run onwards. Further increasing the number of h/c runs apparently stabilizes (or 

completes) the oxidation of TiN and the sample shows a semiconducting behavior with no 

significant variation of the magnitude of electrical resistivity for subsequent runs (5
th

 and 6
th

 h/c 

runs). At high temperature (600< T (°C) < 800), in both 5
th

 and 6
th

 runs, the YSZ/25 TiN sample 

exhibits a thermally activated behavior with calculated activation energy of ~0.17 eV. Such a 

relatively low value indicates that the electrical transport in the samples is dominated by the 

semiconducting titanium phases (nitride and rutile) rather than YSZ oxygen conducting phase, 

which has activation energies much higher than that (typically, ~1 eV). For the sample x=75 wt% 

increasing the number of measurements under h/c runs has a marked effect at low measuring 

temperatures (< 600 °C). As compared to the 1
st
 heating, a significant increase of the resistivity is 

observed during cooling of the 1
st
 h/c run. It is worth to note that sample YSZ/75TiN shows a 

practically temperature-independent electrical behavior during the 1
st
 cooling, a feature confirmed 

by the nearly coincident data measured during the heating of the 2
nd

 h/c run. However, further 

increasing the number of h/c runs at high temperature promotes the change to a semiconducting 

behavior with a pronounced increase of the resistivity at low temperature. However, the resistivity 



at high temperature (> 600 °C) is considerably less dependent of the number of h/c runs. Further 

increasing the number of h/c runs resulted in mechanical failure of the sample.  

The results in Figures 4 and 5 show that the electrical properties of such ceramic 

composites, formed by an ionic conductor and an electronic nitride phase, can be tuned for 

applications that require different types of electrical properties. By adjusting both the relative 

volume fraction of phases and the controlled oxidation of the nitride (electronic) phase in the 

composite it is possible to obtain different types of effective charge transport, including a 

temperature-independent resistivity material with relatively low resistivity (~10 m cm), a 

thermally-activated semiconductor, and electronic conductor. Moreover, Figs. 4 and 5 indicate that 

such tunable composites can have a rather broad range of temperature, from room temperature up to 

~500 °C, in which they can operate with good stability. 

 

Figure 6 shows XRD after oxidation and thermal treatments in air. The diffraction patterns 

clearly indicate the formation of TiO2 phase in the composite samples. The XRD data confirmed 

that the observed change in the electrical properties of the composite SPS samples is associated 

with the progressive oxidation of the nitride phase upon heat treatment at high temperature and 

controlled pO2. After cycling at high temperature, samples exhibit coexisting phases of YSZ, TiN 

and rutile. Such result shows that samples were not completely oxidized during the experiments, 

confirming the protective effect of the dense microstructure of the composite against full oxidation 

of TiN, in agreement with the thermal analyses. Despite the partial oxidation of TiN in the dense 

sample, TiO2 is a semiconductor and its presence in the materials may be tolerated for certain 

applications. Interestingly, the coincident diffraction peaks suggest that no significant variation of 



lattice parameters occurred, indicating no reaction between the phases of the composite during the 

controlled oxidative treatment. 
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Figure 6: X-rays diffraction patterns of SPS YSZ/TiN composites. YSZ/75TiN-f stands for the 

sample sintered in conventional furnace under Ar flow. Indexed peaks correspond to YSZ 

(), TiN (), and TiO2-rutile (*). 

 



 

 

Conclusions 

Ceramic composite YSZ/TiN were fabricated by spark plasma sintering. Composite samples 

exhibited high bulk densities (≥ 96% of theoretical density), homogeneous phase distribution, and 

no reaction between the components or oxidation of the TiN. Composites sintered by SPS showed 

electrical properties that resemble those of TiN, with metallic behavior, reflecting the TiN 

percolation in the zirconia matrix. It was observed that the thermal and electrical properties of the 

composites are strongly dependent on the partial pressure of oxygen and temperature. Even under 

argon flow at relatively low partial pressures of oxygen (~10 ppm), the composite properties are 

strongly affected by the oxidation of TiN to TiO2, which occurs at temperatures above 500 °C. The 

thermal analysis showed that the microstructure of a composite TiN inhibited the oxidation kinetics. 

The oxidation of TiN was followed by electrical resistivity measurements in consecutive heating-

cooling runs showing the change of the composite transport properties by the resulting nitride 

oxidation. The results demonstrated that the electrical properties of ceramic composites composed 

by phases with distinct charge carriers can be combined and tuned by controlled oxidation thermal 

treatments. 
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