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Solid oxide fuel cells (SOFC) offer a clean technology to electrochemically generate electricity and heat from 
hydrogen or hydrocarbon based fuel at high efficiencies. All the active components of the SOFC unit cell comprise 
of rare-earth or low abundant elements. An increase in the cost of rare-earths is likely to jeopardize the 
commercialization prospects of SOFC based technologies. Hence, a greater scientific effort should be focused on 
the development of rare-earth free SOFC materials. The previous research works on electrode-supported 
intermediate temperature solid oxide fuel cells (IT-SOFCs) indicate that the anode supported concept provides 
better electro-chemical performance than the cathode supported one. Therefore, the total material cost of 
anode-supported SOFC is largely governed by the cost of the anode material. The objective of the present 
investigation was, therefore, the development of a rare-earth free anode material for IT-SOFC. The present work 
envisages application of titanium oxycarbide as a possible rare-earth free anode material for intermediate 
temperature solid oxide fuel cells. Titanium oxycarbide samples (TiOxC1-x with x = 0.2 - 0.8) were prepared by 
reaction-sintering of TiO and TiC powders under vacuum at 1500 °C for 5 h.  Basic studies on TiOxC1-x (x = 0.2-0.8) 
with respect to phase purity and stability under oxidizing and reducing environments were carried out. The 
compatibility of titanium oxycarbide with intermediate-temperature electrolyte material (Ce0.9Gd0.1O3-δ) was 
studied. The electrochemical properties of planar cells using Ce0.9Gd0.1O3-δ as electrolyte and employing TiO0.2C0.8 
and La0.8Sr0.2Co0.2Fe0.8O3-δ based anode and cathode materials were investigated. The present study indicates that 
titanium oxycarbide is an alternative anode material for IT-SOFC. This is the first report on the possibility of 
application of a rare-earth free ceramic in the form of titanium oxycarbide as a potential fuel electrode in IT-
SOFC. 

 

1  Introduction 

 

SOFCs offer a clean, low pollution technology to 

electrochemically generate electricity and heat from hydrogen 

or hydrocarbon based fuel at high efficiencies. Their 

efficiencies are not limited by the concept of Carnot cycle. 

Beside the high efficiency, SOFC promises many advantages 

over traditional energy conversion systems that include 

reliability, modularity, fuel flexibility and very low levels of 

greenhouse gas emissions and hence these cells have emerged 

as one of the most promising technologies for the power 

sources of future. The greatest challenge in SOFC technology is 

to reduce the operating temperature and thereby achieve 

stability, reliability and reduced capital and operating cost. 

Reduction of operating temperature of SOFC is associated with 

reduced catalytic activities of electrode materials along with 

decrease in ionic conductivity of electrolyte material. The 

problem of reduced ionic conductivity of electrolyte material 

can be circumvented by reducing the electrolyte thickness in 

the fuel cell, which in turn leads to electrode-supported SOFC 

concepts rather than the electrolyte-supported one. The 

majority of research works on electrode-supported 

intermediate temperature solid oxide fuel cells (IT-SOFCs) that 

are operative in the temperature range of 600–800 °C, 

indicate that the anode supported concept provides better 

electro-chemical performance than the cathode supported 

one.1-4 Furthermore, the anode support is physically and 

chemically more compatible with oxide electrolytes than the 

cathode support under sintering conditions. Therefore, the 

total material cost of anode supported SOFC unit cell is largely 

governed by the cost of anode material. 

 

The most common anode material for SOFC is based on the 

nickel–yttria stabilized zirconia (Ni-YSZ) cermet which exhibits 

superior catalytic properties for fuel oxidation and good 

current collection. However, Ni-YSZ based anodes have several 

functional limitations with respect to sulphur poisoning, 

coking, lack of redox stability and agglomeration of nickel 

particles with time that lead to degradation of electrochemical 
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performance of SOFC.5-9 The weaknesses of the nickel cermet 

based anode under operating conditions prompted large scale 

research on the development of novel oxide ceramic based 

anode materials.10-16 It may be noted that most of the anode 

materials developed so far are based on structures containing 

rare-earth elements. In fact, all the active components of the 

SOFC unit cell comprise of rare-earth or low abundant 

elements. The cost of rare-earth elements in the form of 

oxides or other inorganic salts not only depends on the 

production cost but also heavily influenced by the 

industrial/economic policies of rare-earth producing states 

since rare earths are considered as one of the strategic 

materials for clean-energy and defence related technologies. 

An increase in the cost of rare-earths, in near future, may 

jeopardize the commercialization prospects of SOFC based 

technologies due to the higher cost and/or non-availability of 

rare earth compounds. Hence, a greater scientific effort should 

be focused on the development of rare-earth free SOFC 

materials. 

 

The aim of the present investigation was, therefore, the 

development of rare-earth free anode material for IT-SOFC. 

The previous work in our laboratory indicated that titanium 

oxycarbide based material possesses a very high electronic 

conductivity.17 Hence, a titanium oxycarbide based system was 

selected in this study as a candidate rare-earth free electrode 

material for IT-SOFC.  

 

Titanium oxycarbide attracts significant technological interests 

as it exhibits a combination of metallic and covalent/ionic 

character which is reflected by its physical properties like high 

electronic conductivity, high melting point, high hardness 

etc.18 Fundamentally, the existence of covalent characteristics 

in titanium oxycarbide originates from strong overlap of 

anionic O(C) 2p orbital with d electrons of transition metal (Ti) 

while the metallic character stems from high occupation of Ti 

3d bands close to Fermi level. Titanium oxycarbide may be 

visualized as a solid solution of titanium carbide (TiC) and 

titanium monoxide (TiO) and usually represented as TiOxC1-x, 

where 0≤x≤1, having the same face-centred cubic (FCC) rock-

salt structure of TiC. 

 

In the present study, TiOxC1-x powders were prepared by solid 

state reaction of TiC and TiO as this process has been found to 

yield more phase-pure oxycarbide than that can be produced 

by carbothermal reduction of TiO2..
19 Solid state reaction of TiC 

and TiO is essentially associated with more homogeneous 

diffusion that takes place during reaction-sintering of TiC-TiO 

mixture at elevated temperatures.   

 

In the present investigation, we present the basic studies on 

TiOxC1-x (with x = 0.2, 0.5 and 0.8) with respect to phase purity, 

stability under oxidizing as well as reducing environments, and 

electrochemical properties of electrolyte supported planar cell 

using gadolina-doped ceria (GDC, Ce0.9Gd0.1O3-δ) electrolyte 

and employing TiO0.2C0.8 and La0.8Sr0.2Co0.2Fe0.8O3-δ (LSCF) 

based anode and cathode materials respectively. Here δ 

represents the extent of non-stioichiometry present in the 

oxide due to the presence of aliovalent dopant(s) in the host 

matrix.  

2   Experimental 

Three different compositions of titanium oxycarbide powders 

(TiOxC1-x with x = 0.2, 0.5 and 0.8) were prepared by solid state 

reaction of titanium carbide (TiC) and titanium monoxide (TiO).  

TiC (Alpha Aesar, 99.9% purity, av. particle size:- 2 µm) and TiO 

(Aldrich, 99.5 % purity; -325 mesh size) powders were mixed 

according to stoichiometric ratios in a planetary ball mill 

(Fritsch Pulverisette 7) under acetone media using zirconia 

balls. The powder mixtures were dried under ambient 

conditions and subsequently compacted into green pellets of 

14 mm diameter using a uniaxial hydraulic press at a pressure 

of 150 MPa. The green compacts were reaction-sintered under 

vacuum (Torvac) at a temperature of 1500 °C for 5 h.   

 

The phase purity of the starting materials and reaction-

sintered oxycarbide samples was studied through X-ray 

diffraction (XRD) using CuKα radiation (PANalytical 

X’accelerator). The lattice parameters of titanium oxycarbide 

powders were determined using Rietveld refinement of the 

XRD data. Rietveld analysis was performed using Fullprof 

program incorporated in the WinPLOTR software package.20 

The analysis was accomplished assuming Fm-3m space group 

for rock-salt structure. In the present study, a Thomson-Cox-

Hasting pseudo-Voigt peak profile function was used for the 

profile fitting and the background was fitted with a sixth order 

polynomial function.21 

 

The microstructures of the fractured surfaces of the reaction-

sintered TiOxC1-x samples were studied using scanning electron 

microscopy (SEM, JEOL JSM-5600) along with energy dispersive 

X-ray spectroscopy (EDS, OXFORD INCA Energy 200). The 

morphology of the TiOxC1-x powders obtained after grinding 

the sintered compacts were also studied through SEM as well 

as by transmission electron microscopy (TEM, JEOL JEM-2011). 

 

To study the stability of TiOxC1-x powders under oxidising 

environment, thermo-gravimetric analysis (TGA) experiments 

on TiOxC1-x powders were performed in a thermo-gravimetric 

analyser (NETZSCH TG 209) under flowing air from ambient 

temperature to 900 oC at a heating rate of 5 K/min. The 

powder samples were kept on alumina crucible during TGA 

experiments. The stability of TiOxC1-x samples under reducing 

environment was investigated by subjecting the TiOxC1-x 

powders to a prolonged heat treatment under Ar+5%H2 

environment at 900 °C for 18 h followed by analysis of phases 

of the heat treated samples through XRD. 

 

To study the interaction of titanium oxycarbide with GDC 

based electrolyte, TiO0.2C0.8 powder was mixed with GDC 

powder (Ce0.9Gd0.1O3-δ , PRAXAIR, 99.9% purity, av. particle 

size:- 1.2 µm) in equal weight ratio and compacted into green 

compacts of 14 mm diameter using a hydraulic press under 
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150 MPa pressure. The compact was subjected to a heat-

treatment at 900 °C for 18 h under flowing Ar+5%H2 gas.  After 

the heat treatment, analysis of the phases was carried out 

through XRD.  

 

Thermal expansion coefficient (TEC) of titanium oxycarbide 

sample (TiO0.2C0.8) was measured between 100 – 950 oC using 

a horizontal dilatometer (Netzsch DIL 402C) in flowing Ar- 

5%H2 environment with a constant heating/cooling rate of 

3 K/min. For utilisation of titanium oxycarbide as anode 

material, TiO0.2C0.8 powder was mixed with GDC powder (1:1 

by wt.) and a terpineol based ink was prepared. Similarly, an 

ink of cathode material was prepared using a mixture of 

La0.8Sr0.2Co0.2Fe0.8O3-δ (LSCF, PRAXAIR) powder and GDC 

powder (1:1 by wt.) in terpineol based vehicle. GDC based 

electrolyte supported button cells were fabricated in two 

stages. In the first stage, the bilayer of electrolyte-anode half-

cell was fabricated by sintering GDC green compact at 1400 oC 

for 4 h to produce an electrolyte having a thickness of 510 µm 

and diameter of 20 mm followed by painting of anode ink on 

one surface of the electrolyte and subsequently firing the 

bilayer at 1000 oC for 1 h under Ar+5%H2 environment. The 

electrolyte-anode bilayer was sealed onto an alumina fuel cell 

test fixture using ceramic cement (Ceramabond 552VFG, 

Aremco). LSCF based cathode was brush painted on the 

electrolyte surface and fired in-situ at 900 oC for 1 h in the fuel 

cell test setup after sealing the anode compartment. During 

this process, the anode compartment was purged with 

Ar+5%H2 gas in order to protect the anode material. To 

complete the cell, silver mesh/wire and silver paste were used 

for current collection. The electrochemical characterization of 

the button cell was conducted with humidified hydrogen (3% 

H2O) as fuel and ambient air as oxidant. The open circuit 

voltage of the cell was recorded in the temperature range of 

400–800 oC and the current–voltage (I-V) measurements were 

made at 500, 600 and 700 oC utilizing a SOLARTRON 

electrochemical test station. A constant fuel flow rate of 70 

ml.min-1 was used during the measurements.  During the 

electrochemical characterisation, impedance spectra were 

recorded under open circuit voltage (OCV) conditions using a 

Solatron 1260 frequency response analyser coupled with a 

1287 electrochemical interface within a frequency range of 

1Mz to 0.1Hz with an applied ac voltage of amplitude 10mV. 

The data collected was analysed using a commercial software 

(Z-View, Scribner Associates). 

3   Results and discussion 

Fig. 1a-c show the XRD patterns of TiOxC1-x powders with x = 

0.2, 0.5 and 0.8 respectively. All the patterns exhibit phase 

pure titanium oxycarbide and can be indexed to cubic rocksalt 

structure in Fm-3m space group (No 225). Absence of any un-

indexed reflection in the XRD patterns suggests the phase 

purity of the powders. The XRD patterns were refined through 

Rietveld analysis to determine the lattice parameters of the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig. 1 XRD patterns of TiOxC1-x powders with (a) x = 0.2; (b)   

      x = 0.5 and (c) x = 0.8 respectively 

 

 

 

oxycarbide powders. Fig. 2 shows the Rietveld pattern of 

TiO0.5C0.5 powder. The tick marks below the patterns represent 

the positions of all possible Bragg reflections. The lower solid 

line represents the difference between the observed and 

calculated intensities. The quality of the agreement between 

observed and calculated profiles is evaluated by profile factor 

(Rp), weighted profile factor (Rwp), expected weighted profile 

factor (Rexp), and reduced chi-square (χ2). The mathematical 

expressions of the above parameters can be found 

elsewhere.20 For TiO0.5C0.5 powder, the values of Rp, Rwp, Rexp 

and χ2 were 11.4, 13.8, 9.73, 2.019 respectively. The values of 

the reliability parameters guarantee the reliability of 

refinements. The calculated lattice parameter of TiO0.5C0.5 

powder prepared by solid state reaction of TiO and TiC is 

4.30569(8) Å which is close to the reported value of lattice 

parameter of titanium oxycarbide of similar composition.22 

 

Fig. 2  Rietveld pattern of TiO0.5C0.5 powder. The tick marks below 
the patterns represent the positions of all possible Bragg 
reflections. The lower solid line represents the difference between 
the observed and calculated intensities 
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Based on the refined structural parameters obtained through 

Rietveld analysis, the unit cell structure of titanium oxycarbide 

could be visualised using FpStudio program of Fullprof Suit.20 

Fig. 3 illustrates the unit cell of TiO0.5C0.5 which is having a FCC 

structure with B1 symmetry. The lattice parameters of 

TiO0.2C0.8 and TiO0.8C0.2 powders were similarly calculated and 

were found to be close to that of reported values.  

 

Fig. 3 The unit cell of titanium oxycarbide (TiO0.5C0.5) 
 

 
   

  

Fig. 4 XRD patterns of (a) as synthesized TiO0.2C0.8 powder and 

(b) the powder obtained after heat treatment at 900 °C for 18 h 

in Ar+5% H2 

Fig. 5 Thermo-gravimetric (TG) plots of titanium oxycarbide 

powders under flowing air 

 

 

  

Fig. 6 SEM photo micrographs of fracture surfaces of reaction sintered TiOxC1-xspecimens with (a) x = 0.2; (b) x = 0.5 and (c) x = 0.8 

respectively 
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Fig. 4 shows the XRD pattern of TiO0.2C0.8 powder heat treated at 

900 oC for 18 h under Ar+5%H2 environment (Fig. 4b). The pattern is 

similar to the pattern of the starting powder (Fig. 4a) which 

suggests that TiO0.2C0.8 powder is stable under reducing 

environment at 900 oC. A slight shift of the XRD peaks to lower 

angle is observed for titanium oxycarbide sample after thermal 

treatment in reducing environment at 900 oC as compared to that 

of the as-produced oxycarbide powder. The slight shift of XRD peaks 

is due to a little increase in the lattice parameter of the oxycarbide 

unit cell which may be attributed to formation of point defects in 

the structure of the heat treated sample. Similar heat treatments 

under reducing environment at 900 oC were provided to TiO0.5C0.5 

and TiO0.8C0.2 powders and the XRD patterns after heat treatments 

were found to be similar with that of the starting powder and hence 

indicated their stability under reducing conditions.    

Fig. 5 shows the thermo-gravimetric (TG) plots of TiOxC1-x 

powders under flowing air environment between room 

temperature to 900 oC at a heating rate of 5 K/min. It can be 

observed from the TG plots that onset of non-isothermal 

oxidation of TiOxC1-x powders takes place at a temperature 

above 350oC. The corresponding differential thermogravi- 

metric (DTG) plots indicate two stage oxidation for TiO0.2C0.8 

and TiO0.5C0.5 powders – the first stage corresponds to rapid 

oxidation that contributes to more than 60% of the weight 

gain which takes place between 400 to 600 oC having a peak 

temperature of 550oC while the second stage corresponds to 

slow oxidation taking place from 600 – 900 oC. For TiO0.2C0.8 

powder, a weight gain of less than 20 % takes place below 600 
oC and rest of the oxidation takes place at higher 

temperatures. The above results suggests that the mode of 

non-isothermal oxidation of titanium oxycarbide powders 

depends on the carbon content in the powder while the onset 

temperature of oxidation has been found to be independent of 

carbon content.  

 

The SEM photomicrographs of fracture surfaces of reaction 

sintered titanium oxycarbides are shown in Fig. 6a-c. It can be 

observed that the microstructures are porous and uniform 

exhibiting partially sintered grains. The average grain sizes of 

reaction-sintered oxycarbide samples have been found to 

increase with increase in oxygen content of TiOxC1-x. This may 

be attributed to the relative difference of melting points of TiC 

and TiO (3160 and 1750 °C respectively) with reaction-

sintering temperature (1773 K) being much higher than 0.5Tm 

(where Tm is the melting point in Kelvin) particularly for oxygen 

rich sample which leads to grain growth during sintering 

process.  

 

  

Fig. 8 (a) TEM photomicrograph of TiO0.2C0.8 powder along 

with its (b) SAED pattern with their corresponding crystal 

planes   

 

Fig. 7 shows the elemental mapping and corresponding 

secondary electron (SE) image of TiO0.2C0.8. The X-ray maps 

exhibit the uniform distribution of constituent elements. This 

corroborates the result of XRD analysis about the phase purity 

of the oxycarbide sample. The TEM micrograph of TiO0.2C0.8 

powder is shown in Fig. 8a. The selected area electron 

diffraction (SAED) pattern of the powder with corresponding 

crystal planes is shown in Fig. 8b which suggests the 

polycrystalline single phase TiO0.2C0.8 without impurity phases. 

The ring intensities suggest the crystallinity of the 

polycrystalline oxycarbide powder.  

 

Fig. 7 EDS X-ray mapping of reaction-sintered TiO0.2C0.8 

specimen 

 

(b) (a) 
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Fig. 9  XRD patterns of (a) as synthesised TiO0.2C0.8 powder; 

(b) GDC powder; (c) mixture of TiO0.2C0.8 and GDC powders 

and (d) TiO0.2C0.8 and GDC powder mixture after heat 

treatment at 900 °C for 18 h in Ar+5% H2 

 

Gadolina-doped ceria (GDC, Ce0.9Gd0.1O3-δ) is one of the 

common electrolyte materials that exhibits better ionic 

conductivity in the intermediate temperature range (500 – 700 

°C). Hence, GDC was selected as a candidate electrolyte 

material for evaluation of titanium oxycarbide as fuel 

electrode in IT-SOFC. 

 

Fig. 9 shows the XRD patterns of starting GDC and TiO0.2C0.8 

powders (Fig. 9a and b) as well as the XRD pattern of the 

starting mixture of GDC-TiO0.2C0.8 (Fig. 9c) and the pattern of 

the powder obtained after grinding the GDC-TiO0.2C0.8 mixture 

subjected to a heat treatment under reducing environment of 

Ar+5%H2 at 900 °C for 18 h (Fig. 9d). The XRD patterns clearly 

exhibit that there is no interaction of GDC and TiO0.2C0.8 under 

the present experimental conditions. The above results are 

significant particularly from the point of view of possible 

application of TiO0.2C0.8 as a fuel electrode while using GDC as 

an electrolyte in an IT-SOFC. The average thermal expansion 

coefficient (TEC) of TiO0.2C0.8 in the temperature range of 100 – 

950 oC is 13.7 x 10-6 K-1 which is close to that of common 

electrolyte materials used in IT-SOFC.   
 

Fig. 10 exhibits the TEM photomicrographs of nano-crystalline 

GDC powder (Fig. 10a) and TiO0.2C0.8 –GDC composite powder 

obtained after heat-treatment at 900 °C for 18 h in Ar+5% H2 

environment (Fig. 10b). The TEM micrograph of the composite 

powder (Fig. 10b) exhibits the partially sintered GDC particles 

along with the bigger powder particle of titanium oxycarbide. 

The SAED patterns of the composite powder after heat-

treatment are shown in Figs. 10c and 10d which exhibit the 

diffraction rings corresponding to crystal planes of GDC and 

the diffraction pattern of the titanium oxycarbide crystal 

respectively. The electron diffraction patterns of the 

composite powder indicate that only two phases are present 

after the prolonged heat treatment at 900 °C under reducing 

environment which corroborates the XRD results about the 

absence of an interaction of oxycarbide with GDC.  

 

Fig. 11 shows the variation of open circuit voltage (OCV) as a 

function of operating temperature of GDC+ 

TiO0.2C0.8/GDC/GDC+LSCF cell utilising moist hydrogen as fuel 

and ambient air as oxidant. An OCV value 1.08 V was achieved 

at 400 °C which signifies high density of electrolyte as well as 

absence of any physical leakage between anode and cathode 

compartments. At 600 °C, the OCV of the unit cell was 0.97 V. 

At higher temperature, the OCV of the cell decreased which is 

in line with the existence of electronic conductivity in GDC at 

elevated temperatures.23  

 

    

Fig. 10 TEM photomicrographs of (a) GDC and (b) TiO0.2C0.8 –GDC composite powder after heat-treatment at 900 °C for 18 h in 

Ar+5% H2 and electron diffraction patterns of (c) GDC and (d) titanium oxycarbide present in the composite powder 
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The impedance spectra of the cell recorded under OCV 

condition at 500, 600 and 700 oC are shown in Fig. 12a-c 

respectively. The series resistance of the cell was 0.97 Ω.cm2 at 

700 oC with an overall resistance of 1.23 Ω.cm2 signifying that 

the electrode polarisation resistance at 700oC was 0.26 Ω.cm2. 

The series and polarisation resistances at 600 oC were 2.31 and 

1.45 Ω.cm2 while the respective resistance values at 500 oC 

were 7.13 and 6.87 Ω.cm2.  

 

Nyquist plots indicate the decrease in both series and 

polarisation resistances of the cell with increase in 

temperature. The series resistance contributes to 51 % of the 

total resistance of the cell at 500 oC which increased to 79% at 

700 oC. This indicates that performance of the cell at higher 

temperature is primarily governed by the series resistance. It 

may be noted that the series resistance of the cell results from 

the electrolyte resistance as well as contributions from 

electrolyte/electrode interfaces. The ionic conductivity of the 

GDC electrolyte can be  estimated as  9.5, 25.3 and 54.4 

mS.cm-1 at 500, 600 and 700 °C respectively by using the 

literature values.23 This means that the contribution of the 

electrode to the series resistances were 1.76, 0.29 and 0.03 

Ω.cm2 at 500, 600 and 700 °C respectively. Clearly, the cell 

performance could be greatly enhanced by fabricating a fuel 

cell with a thin electrolyte.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12 Nyquist Plots of planar cell recorded under OCV 
condition at (a) 500; (b) 600 and (c) 700 oC. 

 
 

The current–voltage (I-V) and current-power density (I-P) plots 

of GDC+TiO0.2C0.8/GDC/GDC+LSCF cell at three operating 

temperatures (500, 600 and 700 °C) are shown in Fig. 13. The 

power density of the cell increased with increase in 

temperature due to decrease in total cell resistance despite 

the lower OCV at higher temperature. A peak power density of 

130 mW/cm2 could be achieved at a temperature of 700 oC.   

 

Fig. 14a shows the fracture surface of GDC electrolyte. It can 

be observed from the SEM photomicrograph that electrolyte is 

dense having a uniform microstructure which correlates with 

achievement of high OCV during fuel cell test. The anode-

electrolyte bilayer is shown in Fig. 14b, which exhibits uniform 

porous morphology of GDC-TiO0.2C0.8 anode layer onto the 

surface of dense GDC electrolyte.  

 

 

Fig. 11 Plot of open circuit voltage (OCV) as a function of 

operating temperature of the GDC+ 

TiO0.2C0.8/GDC/GDC+LSCF cell utilising moist hydrogen as 

fuel and ambient air as oxidant 
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The present investigation indicates that titanium oxycarbide 

could be a potential anode material for IT-SOFC employing 

GDC based electrolyte. We believe that this is the first report 

on the application of titanium oxycarbide as anode material in 

a fuel cell and further research work is needed to be carried 

out in improving the performance of fuel cell employing 

titanium oxycarbide based anode material.  

4   Conclusions 

The present study indicates that titanium oxycarbide is an 

alternative anode material for SOFC. This is the first report on 

the possibility of application of a rare-earth free ceramic in the 

form of titanium oxycarbide as a potential fuel electrode 

material in IT-SOFC. Titanium oxycarbide has been found to be 

stable under reducing conditions. Under oxidizing 

environment, it starts to oxidize above 350 oC. The interaction 

study of TiO0.2C0.8 with GDC under reducing conditions 

confirms that there is no interaction at 900 oC under Ar+5%H2. 

A peak power density of 130 mW/cm2 could be achieved 

utilising TiO0.2C0.8 anode material in GDC electrolyte supported 

SOFC at an operating temperature of 700 oC. 
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