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The world is presently focusing the innovation and development of energy technology at 
the nano levels for solid oxide fuel cell (SOFC) in terms of its application, devices and 
materials.The composite electrodes which would be showed the excellent performance 
have high demands for precise issues in SOFC for research point of view. Ceria based 
composite electrodes LiNiCuZn-YDC (1-5) wereprepared by using the NANOCOFC 
(nanocomposite for advanced fuel cell technology) approach. XRDanalyses were showed 
that these electrodes have cubic structure.Its thermal and morphology studied were done 
by TGA and SEM techniques. Both analysis (XRD and SEM) were predicted that average 
crystallites size having the range of 30-80 nm. EIStechnique was used to explore the 
polarization processes under H2atmospherewithin the temperature rangeof (300-680ᴏC). 
The polarization resistancedecreases from 0.19 to 0.05Ωcm2. The activation energy was 
measured under air and hydrogen atmospheres. The maximum power density (769.54 m 
Wcm-1)and open circuit voltage (1.02 V)were achieved at 680 °C by usingthe LiNiCuZn-
YDC(3)oxide as anode, NSDC as electrolyte and BSCF as cathode. 
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1. Introduction 
 
Solid oxide fuel cells (SOFCs) are recognizedsystems for the electrochemical conversion 

to electricity of the chemical energy stored in gas and liquid fuels such as hydrogen, carbon 
monoxide, methane, coal syngas, and liquid hydrocarbon fuels (diesel, gasoline)[1, 2].One issue 
that limits the commercialization of SOFC systems is related to the life of the fuel cell, which can 
be correlated to the high operation temperature. Nickel is an excellent catalyst for hydrogen 
electro-oxidation; Ni-based (Ni/YSZ or Ni/GDC) cermet anodes could produce excellent 
performance with hydrogen fuel at SOFC operating conditions [3, 4]. Fuel cell research is 
demanding new developmentsto adjust thistechnology to lower operating temperatures. The mixed 
(ionic and electronic)nano composite cermet electrode materials produced the excellent 
achievement in the fuel cell performance at intermediate temperature solid oxide fuel cells (IT-
SOFCs). The application point of view, ceria is a promising candidate to reduce the operating 
temperature of solid oxide fuel cells(SOFCs)[5-11]. 

As reported in literature that NiO and CuO are well-known semiconductors with p type 
conductivity while the ZnO is an n-type conductor [12-15].The electrical conductivities of these 
oxides are rather low. However, the lithiation reaction could notably improve their conductivities 
[14]. Li0.15Ni0.45Zn0.4Ox displayed the highest conductivity of 0.1 S cm-1 at 600 oC[16]. These 
transition metal oxides have been proven to show high catalytic activity for both hydrogen 
oxidation reaction and oxygen reduction reaction (redox reactions) [17-20]. Recently, Zhao [21] et 
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al. reported a LTSOFC which achieved a power output of 730mWcm-2 at 550oC, in which the 
lithium transition metal oxide (LiNiCuZn oxide) was used as nano-catalytic electrode materials. 
LiNiCuZn oxide mixed with electrolytic material play a significant role to enhance the fuel cell 
performance.  

The concept of mixed (ionic/electronic) composite electrodes [15], which were composed 
of ceria based coated materials (YDC, GDC, and SDC) with different transition metal oxides. 
These composite electrodes were enhanced the conductivity, decrease polarization resistance, 
improve the surface morphologyand electro-chemical performance [14-16]. 

The electrode challengein solid oxide fuel cell is that it exhibited the structural and 
chemical stability in both environs.Anode side having the reducing environmental behavior and 
while the cathode surface shows the oxidizing phenomena. The electrode was maintaining the dual 
conductivity and electro catalytic activity performance.Furthermore, it desires to express high 
electronic conductance to reduce theohmic losses and considerable oxygen ionic conductance to 
encourage electrochemical reactions. There are different types of oxides with fluorite,perovskite, 
and pyrochlore structures have been studied as possible redox stable electrode materials [22-24]. 

In the present study,ceria-basedmixed (ionic/electronic) nano-compositeelectrodes 
LiNiCuZn-YDC (1-5)were fabricated for the intermediate temperature solid oxide fuel cell.These 
electrodes exhibitedchemically and structurally stable.These prepared electrodeswere 
characterized by TGA, XRD, SEM, EIS, polarization and fuel cell performance. 

 
 
2. Experimental  
 
2.1 Synthesis of Nanocomposite LiNiCuZn-YDC Oxides Materials 
With the help of NANOCOFC (nanocomposite for advanced fuel cell technology) process, 

high performance nanocomposite oxides electrode materials were prepared [25]. For preparation 
of the LiNiCuZn-YDC (1-5) electrodes, YDC and LiNiCuZn oxides were to be mixed. Li2CO3, 
NiCO3.2Ni(OH)2.6H2O, CuCO3.2Cu(OH)2.6H2O, Zn(NO3).6H2O, Ce(NO3).6H2O, Y3(NO3).9H2O, 
citric acid, ethylene glycol and deionized water were employed as preparatoryraw chemicals. 

In the light of solid state technique the semiconducting LiNiCu-oxide materials were 
prepared. For this purpose Li2CO3, NiCO3. 2Ni(OH)2.6H2O and CuCO3.2Cu(OH)2.6H2O were 
grounded and mixed. Then, 10 gram mixture of semiconducting LiNiCu-oxide was added into the 
100 ml solution of zinc nitrate. The solution of LiNiCuZn-oxide was obtained after the stirring at 
130 oC for 2 hours. This solution has dual semiconducting properties (n and p types). 

The YDC oxide solution was prepared by wet chemical one step co-precipitating method, 
which having the ion conducting behavior. This ion conducting (YDC) solution was added drop by 
drop in the LiNiCuZn-oxide solution. This mixture of solution was stirred at 150 oC for 1 hour. 
Then 15gram citric acid and ethylene glycolwere added together in this mixture. Then, the above 
solution was stirred at 160ᴏC for 2 hours. Until the dense gels of LiNiCuZn-YDC (1-5) composite 
electrodeswere obtained. These gels were kept in a digital furnace and permitted to rise 
progressively up to 1100oC for 8 hours. Then we get the black ashes of LiNiCuZn-YDC (1-5) 
oxide materials. Theseblack ashes were then ground for 20 minutes to obtain the final composites 
electrodes of LiNiCuZn-YDC (1-5) oxide materials.The appropriate molar ratios of LiNiCuZn-
YDC (1-5) were expressed in the Table 1.1 andits flow chart is given away in Figure 1. 
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Fig.1.Flow Chart for Synthesizing LiNiCuZn-YDC Nano Composite Electrode 

 
 

Table 1.1.  Compositional Details of LiNiCuZn-YDC Nano-Composite Electrode 
Oxide Materials. 

 
Sample 

Category 
Compositional 

Name 
Molar Configurations 

Sample-1 LNCZ-YDC-1 Li0.10Ni0.20Zn0.35Cu0.05 -Y0.02Ce0.28 
Sample-2 LNCZ-YDC-2 Li0.10Ni0.20Zn0.36Cu0.04 -Y0.02Ce0.28 
Sample-3 LNCZ-YDC-3 Li0.10Ni0.20Zn0.37Cu0.03 -Y0.02Ce0.28 
Sample-4 LNCZ-YDC-4 Li0.10Ni0.20Zn0.38Cu0.02 -Y0.02Ce0.28 
Sample-5 LNCZ-YDC-5 Li0.10Ni0.20Zn0.39Cu0.01 -Y0.02Ce0.28 

 
 

2.2 Fuel Cell Fabrication  
The three layer fuel cell pellets were prepared by dry pressing technique. The electrolyte 

NSDC was pressed between layers of the compositeselectrode LiNiCuZn-YDC (1-5) oxides as 
anodeand BSCF ascathode using a hydraulic press with a load of 310 kgcm-2. For a single cell test, 
a small pellet with a diameter of 13 mm was created, which had an active area of 0.64 cm2and cell 
thickness was measured at 1 mm. The pressed pellets were sintered at 650 °C for 40min. 
Thesurfaces (anode and the cathode) of the pellets were painted with anAg paste to improve the 
electrical contacts, to measure the I-V and I-P characteristics of the fuel cell. 

 
2.3 Conductivity Measurement 
For the DC conductivity measurement of the nano composite oxide material, the pellet of 

13 mm in diameter with a thickness of 2.7mm was fabricated by the dry pressing technique and 
sintered at 580°C for 30 min. The DC conductivity was measured by KD-2531 Digital Micro-ohm 
Meter, China in a temperature range of 300-600 oC at air and hydrogen atmospheres. The silver 
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paste was employed on both surfaces to achieve better electrical contacts.The measured 
conductivities were plotted for Arrhenius plot as function of ln(σT) versus1/T. The EIS 
(electrochemical impedance spectroscopy) in hydrogen atmosphere by implementing Auto 
VERSA STAT 2273 (Princeton Applied Research, Oak Ridge, TN). The frequency was varied 
from 0.1 Hz to 1 MHz. 

 
2.4 Fuel Cell Performance 
The electronic load (PLZ664WA, Kikusui) was used to measure the electrochemical 

performance of the cell by providing fuelsat the anode side andair as oxidant at the cathode 
surface. The data of open circuit voltage (OCV) and current were recorded at temperature 680ᴏC. 
From these results, the power density also was calculated and current versus power densities (I-P 
curves) were also drawn. The H2 gas flow rate was controlled 110 ml/min at 1 atm pressure. 

 
2.5 Characterizations 
Thermo gravimetric analysis (TGA) was conducted on a Mettler Toledo TGA/SDTA 851e 

(Greifense, Switzerland), and the sample was heated from 25ºC to 1000ºC at a rate of 10ºC min-1 
in a 70 µL alumina pan. A constant flow of nitrogen (50 ml min-1) was used to provide an inert 
atmosphere during the pyrolysis. 

Powder X-ray diffraction (XRD) patterns were recorded (PANalytical X’Pert Pro MPD, 
Netherlands) using CuKα radiation (λ=1.5418 Å). SEM analysis was performed (Hitachi High-
Tech, S-3400 energy used between 5ev-15 kV) to observe the morphology. 

 
 
3. Results and Discussion  
 
Fig.2(a) revealsthe X-rays diffraction patterns ofcomposite LiNiCuZn-YDC (1-

5)oxidesmaterials, which weresintered at 1100°C for 8 hours. They had well crystalline structures. 
They are composed of CuNiZn and YDC oxides.CuNiZn-oxide with cubic structure (space group 
Fm-3m(225)) is observed with lattice constantsofa=3.251,b=3.251,c= 3.251, corresponding to that 
of JCPDS-46-1217. The diffraction peaks at 36.9, 42.9, 62.3, 74.7 and 78.6 positions can be well-
assigned to (111), (200), (220), (311) and (222) planes.While, the lithium (Li) is not noticeable, 
this could be caused by the incorporation of Li elements to the transition metal CuNiZn-
oxide.YDC-oxide with cubic structure (space group Fm-3m (225)) is observed with lattice 
constants of a= 4.327, b=4.327,c=4.327, corresponding to that of JCPDS-09-0286. The diffraction 
peaks at 28.7, 33.2, 47.8, 56.8, 59.5, 70.0, 77.3 and 79.7 positions can be well-assigned to (111), 
(200), (220), (311), (222), (400), (331) and (420) planes. The indexed patterns showed that 
material have two phase structure and average crystallite size having the range 30-80 nm 

Figure 2(b) displays the XRD patternsof LiNiCuZn-YDC-3 composite oxide material, 
which was sintered at 600ᴏC, 700ᴏC, 800ᴏC, 900ᴏC, 1000ᴏC and 1100ᴏC for 8 hours. The indexed 
patterns showed that the material have two phasestructure. The average crystallite size of 
LiNiCuZn-YDC-3 oxide material which were sintered at different temperatures (600 oC-1100 oC) 
having the range 25-50 nm. 
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 The DC conductivity ofcomposite LiNiCuZn-YDC (1-5) oxide materials were recorded in 
both environments (hydrogen and air) as a function of temperature in range of 300-600 oC.The 
data has been used to construct Arrhenius plots for the purpose of calculating activation energy. 
The results are depicted in Figures 4(a) and 4(b). It has been observed that composite LiNiCuZn-
YDC-3 oxide material shows maximum results of conductivity in hydrogen and air atmospheres. It 
has been purposed by Zhu [30], if the conductivity of oxide material is 10 times greater than the 
electrolytic conductivity, then this material can be used as electrode (anode or cathode). Here, the 
DC conductivity of composite LiNiCuZn-YDC-3 oxide material is 10 times higher than that of 
NSDC electrolytic conductivity (0.1 Scm-1) [31, 32]. This suggests that the composite LiNiCuZn-
YDC-3 oxide material under study can be utilized for both the anode and cathode.Activation 
energies were estimated by linear curve fitting technique and the values obtained are shown inset 
the graph.It has been examined that composite LiNiCuZn-YDC-3 oxide material has lowest value 
of activation energies. The high catalytic activity process of the LiNiCuZn-YDC-3 is a result of 
low activation energy. The low value of activation energy was initially produced fast chemical 
reaction [33]. 

 

 
a)                                                                           b) 

 
Fig.4. Arrhenius plots and Activation energy of oxide materials;  

a) DC Conductivities of LiNiCuZn-YDC-3oxide materials under H2 atmosphere; 
 b) DC Conductivities of LiNiCuZn-YDC-3oxide materials under Air surrounding 

 
 
The TGA analysis of composite LiNiCuZn-YDC-3 oxide material was performed to 

understand the mechanism of decompositions and the formation of the final desired phase. The 
results are presented in Figure 5. The TG profile comprises three regions; the region-I is spanned 
over 25-200 ᴏC temperature range, region- II covers 200-320 ᴏC temperature, and region-III lies 
over 320-500 ᴏC temperature. It can be seen that in region-I there is a slow weight loss due to 
desorption of physically absorbed water and nitrates which evaporate in this temperature region 
[34]. It is seen from the curve, that the region-II in the temperature range (200-320 ᴏC) are 
associated with the decomposition/oxidation of process oxide phases [35]. In the region-III 
temperature range (320-500 ᴏC) the combustion process occurred and required composite phase 
should be started [36]. But, the decomposition process ends near 1000 °C beyond at which the 
final oxide powder should be formed. 
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Fig.5. TGA analysis of nano composite electrode of LiNiCuZn-YDC-3 
 
 
The electrochemical impedance spectroscopy (EIS) of the composite LiNiCuZn-YDC-3 

oxide material was revealed in the hydrogen environmentat 300-680ᴏC. Their graphswere shown 
in the Figure 6. The electrode polarization and ohmic resistances were both composed in the AC 
impedance [37]. The intercept of high-frequency on the real axis is estimated as the ohmic 
resistance (Ro), including theelectronic resistance of electrode, ionic resistance of the electrolyte, 
and some interfaces contact resistances [37]. The low frequency intercept corresponds to the total 
resistance (Rt), while the difference between the two(high and low intercept points) values is 
called the electrode polarization resistance (Rp) [38].The magnitudes of high frequency semi-
circles arch were reduced with increased of the temperature from 300 oC to 680 ᴏC, which were 
related tocharge transportation, mass transportation and electro catalytic activity of the surface of 
oxide material [37-38]. The graphical behavior showed that ohmic resistance (Ro), electrode 
polarization resistance (Rp) and total resistance (Rt) were reduced with the increased of 
temperatures. The ohmic resistance (Ro) decreases from 0.58 to 0.15Ωcm2 while the temperature 
risesfrom 300oC to 680ᴏC. The total resistance (Rt) also decreases from 0.78 to 0.21Ωcm2, but the 
electrode polarization resistance (Rp) falls from 0.19 to 0.05Ωcm2. Figure 7exposed the behavior 
of the polarization resistance, ohmic resistance and total resistance of composite LiNiCuZn-YDC-
3 oxide material.The decrease in polarization resistance of composite LiNiCuZn-YDC-3 oxide 
material relates with the electro catalytic activity of the surface, charge transportation and mass 
transportation. 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 

 
Fig.6. Electro impedance spectroscopy (EIS) analysis of nano composite of LiNiCuZn- 

YDC-3 oxidematerial under H2 atmosphere 
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The electro catalytic process of the surface was improved with increased of the operating 
temperature form 300 oC to 680 oC.From the visual inspection of impedance data, there are 
“semicircle” shapes followed by “tail” evidence in H2 atmosphere.  At high frequency, there is a 
semi-circle zone representing fast kinetic process and catalytically active response of the reaction, 
and at low frequencies zone representing diffusion process occurring at the anode in hydrogen 
atmosphere [39-40].This means that LiNiCuZn based oxide–Yttrium doped ceria materials have 
highly catalytically active and fast kinetic processes for H2 electrochemical dissociation reactions. 
Further analysis of above EIS datawere accomplished with the help of Z-view software, and on the 
base of their results, draw its equivalent circuit and shown inside the Figure 6.All the spectra 
contain a tail which is related to inductance effect (L). This inductance effect is allocated to the 
instrument leads, clamps, and stainless steel tube from the testing device [38]. Different 
conductance mechanismswere occurred at the electrode surface in which including the electron, 
oxygen ion, and proton conductions. In H2 environment, R1epitomizesthe ohmic resistance for 
proton, oxygen ion and electron due to introducing protons from H2; R2Q and R3Q symbolizethe 
charge transfer and mass transfer, respectively [41].The fuel cell performance was also enhanced 
by reducing the polarization resistance in the temperature range of (300-680) oC. 

 
 

 
 
 
 
 
 
 
 
 
 

 
Fig.7. Polarization, Ohmic and Total resistance nano composite  

LiNiCuZn-YDC-3oxidematerial 
 
 
Five different tablets cells were prepared by utilizing with the composite oxide LiNiCuZn-

YDC (1-5) materials as anodes, NSDC as electrolyteand BSCF as cathode. Their performances 
were measured in terms of open circuit voltage (OCV) and current at 680 oCwith the help 
ofhydrogen as a fuel at anode surface and air as oxidant at cathode surface. Their results are shown 
in the Figure 8(a). It can be observed from Figure 8(a) that the composite LiNiCuZn-YDC-3 oxide 
materialbased cell yields maximum power density (769.54 mWcm-1) and open circuit voltage (1.02 
V). 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.8.Electro chemical performance of cells based on LiNiCuZn-YDC (1-5) nano 
composite oxides as anode, NSDC as electrolyte and BSCF as cathode at 680 oC 
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Fig.9. Short term stability of the cell with LiNiCuZn-YDC-3 nano-composite as anode, 
NSDC aselectrolyte and BSCF as cathode 

 
 
To find out the stability, the electro-chemical performance of cell(based on LiNiCuZn-

YDC-3 composite oxide material as anode, NSDC as electrolyte and BSCF as cathode) was 
measured for 20 hours with a regular interval of an hour in five days (4 h/day). The results of 
measurements are revealed in the Figure 9. The degradation behavior was perceived in electro 
chemical performance in first 2 hours, may be owing to the electro catalytic process of the 
surfaceand transformation in morphology at anode/electrolyte interface [42-43]. The long term 
stability is not performed due to lack of facilities. But still for short term results are encouraging. 
In future, long term stability will be accomplished. 

 
 
4. Conclusions 
 
The different compositions of composite electrode LiNiCuZn-YDC (1-5) were prepared 

by a new approach of NANOCOFC (nanocomposite for advanced fuel cell technology). This 
approach is allowed the preparation of ceria based electrode in one step at relatively low cost as 
and at a reduced calcination temperature compared to conventional methods. This process is cost-
effective, simple and practically easy to transfer to an industrial scale. Theirthermogravimetric 
analysis (TGA), structural characteristics (XRD), scanning electron microscopic (SEM) analysis, 
electrochemical impedance spectroscopy (EIS), conductivities and fuel cell performancewere 
studied. All these composition, the composition LiNiCuZn-YDC-3shows the excellent results. 

Thermo-gravimetric analysis (TGA) of composite LiNiCuZn-YDC-3 oxide material 
indicate that their phases are formed under 1000oC.XRD analyses are showing that the oxide 
materials are two phase cubic structure and theircrystallite sizes increases with increasing 
calcination temperature.SEM and XRD results are agreed that the average crystallite size lies in 
the range of 10-80 nm.DC conductivities were measured in the air and hydrogen atmospheres and 
composite LiNiCuZn-YDC-3 oxide material shows maximum results of conductivity in hydrogen 
and air atmospheres. So, this material can be employed as oxygen and electron conductor.The high 
catalytic activity process of the LiNiCuZn-YDC-3 is a result of low activation energy. The low 
value of activation energy was initially produced fast chemical reaction.The electrochemical 
impedance spectroscopy (EIS) of the composite LiNiCuZn-YDC-3 oxide material was showed that 
the charge transportation, mass transportation and electro catalytic activity of the surface is 
improved in hydrogen atmosphere with increased the temperature range from 300 to 680 ᴏC. 
Ohmic resistance (Ro), electrode polarization resistance (Rp) and total resistance (Rt) were also 
reduced with the increased of temperatures.High open circuit voltage and maximum power density 
of composite LiNiCuZn-YDC-3 oxide material was achieved by employing the hydrogen as fuel at 
680 oC, to be 1.02 V and 769.54 mWcm-2. In the end it can be concluded from these results that the 
composition LNCZYDC-3oxide material can be as favorable electrode for intermediate 
temperature solid oxide fuel cells (IT-SOFCs). 
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