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Abstract: Ce0.8Ca0.2O1.8 (CDC82) anode material was prepared by glycine-nitrate process(GNP). Thermogravimetric(TG) analysis 
and differential scanning calorimetric(DSC) methods were adopted to characterize the reaction process of CDC82 material. X-ray 
diffractometry(XRD), scanning electron microcopy(SEM), direct current four probe (four-probe DC) and temperature process 
reduce(TPR) techniques were adopted to characterize the properties of CDC82 material. After the precursor was sintered at 750  ℃
for 4 h, CDC82 material with pure-fluorite structure and nanometer size was obtained. The total conductivity of CDC82 changes little 
with temperature in air at 50−850 , and ℃ the maximum value is 0.04 S/cm at 750 . The total conductivity wholly becomes ℃ larger 
when the atmosphere changes from air to hydrogen, which greatly increases with increasing temperature and reaches the maximum 
value of 1.09 S/cm at 850 ℃. Some impurities such as CeMg and La2O3 exist after the mixture of CDC82 anode and 
La1−xSrxGa1−yMgyO3−δ (LSGM) electrolyte material is sintered at 1 200  for 15℃  h. The CDC82 material as anode material has 
excellent catalytic property for hydrogen and methane. 
 
Key words: Ce0.8Ca0.2O1.8; anode material; glycine-nitrate process; conductivity; chemical compatibility; catalytic property 
                                                                                                             
 
 
1 Introduction 
 

Anode material is one of the key components of 
solid oxide fuel cell (SOFC). The precious metals such 
as platinum and silver were used as anode material at 
first, but they have few applications now for some 
reasons such as high price and evaporation of silver 
[1−3]. Then, the cheaper nickel was applied to be anode 
material, but the porous nickel anode becomes dense and 
the cell’s performance deteriorates after a long operation 
at high temperature. Now, the nickel-electrolyte 
composite material is often used as anode. Many 
problems such as the serious agglomeration of anode, 
carbon deposition at anode when using fuel containing 
carbon and the poor tolerance of sulfur still exist [1, 4]. 
Furthermore, the total conductivity of anode decreases 
for the relatively low conductivity of electrolyte (such as 
YSZ and LSGM) materials, and the catalytic property of 
composite anode becomes poor because the above 

electrolyte materials don’t offer catalytic properties. So, 
the design and synthesis of novel anode materials are 
necessary. These novel anode materials must have high 
mixed (ionic and electronic) conductivity and excellent 
catalytic property at low and intermediate (600−800 ℃) 
temperatures. 

The CeO2-based materials as electrolyte of the low 
temperature SOFC were studied by ZHA et al [5] and 
XIA et al [6]. Oxygen vacancies emerge when CeO2 is 
doped by Sm3+ and Gd3+ and the conductivity greatly 
increases [7−9]. The three-phase boundary for the 
electrochemical reaction at anode increases when 
CeO2-based electrolyte material is added to anode 
material. There are the following good results through 
the above operation. Ce4+ is reduced to Ce3+ in reducing 
atmosphere and the total conductivity increases on a 
large scale, which neutralizes the ohmic loss for the 
adulteration of the traditional electrolyte. The 
CeO2-based materials have excellent catalytic properties 
and are often applied in the water-vapor reforming and 

                       
Foundation item: Projects(50204007; 50574046) supported by the National Natural Science Foundation of China; Project(2005PY01-33) supported by the 

Natural Foundation of Yunnan Province, China 
Corresponding author: MA Wen-hui; Tel/Fax: +86-871-5161583; E-mail: mwhui@kmust.edu.cn 



LIU Rong-hui, et al/Trans. Nonferrous Met. Soc. China 17(2007) 875
 

direct degradation of hydrocarbon industry [10−11]. So, 
the CeO2-based anode materials have a good promising 
prospect in SOFC using hydrocarbon as fuel. 

In this study, the Ce0.8Ca0.2O1.8 (CDC82) material 
was synthesized by glycine-nitrate process (GNP), the 
conductivity of this material at different temperatures in 
oxidizing and reducing atmospheres, the catalytic 
properties for hydrogen and methane, and the chemical 
compatibility with LSGM electrolyte material were 
studied systematically. 
 
2 Experimental 
 
2.1 Preparation of CDC82 material and phase 

characterization 
Raw materials including Ce(NO3)4·6H2O (99.99%) 

and Ca (NO3)2 (99.99%). Ce(NO3)4·6H2O and Ca(NO3)2 

with a molar ratio of 82׃ were resolved into distilled 
water. Glycine (the molar ratio of glycine to metal was 
 was then added to the above solution. The solution (1׃2
was subsequently heated to form gel and strenuously 
combusted at about 250 ℃, and then the precursor for 
CDC82 material was obtained. It is difficult to capture 
the precursor powder because the powder will spray 
strenuously in the combustion process. A stainless steel 
mesh was put onto the beaker. By doing this, the exhaust 
gas can get out from the beaker and the precursor was 
stayed in the reactor. Thermogravimetric(TG) analysis 
and differential scanning calorimetric(DSC) methods 
were adopted to confirm the synthesis temperature at 
25−1 200 ℃. The precursor for CDC82 material was 
sintered at 750 ℃ for 4 h to remove residual carbon and 
promote crystallization of the fluorite phase. The crystal 
structure of the CDC82 powder was examined at room 
temperature with Bruker D8 diffractometer. The size of 
the sintering material was observed by scanning electron 
microcopy (SEM, Philips XL30ESEM). 

2.2 Total conductivity measurements 
The calcined precursors for CDC82 material were 

isostatically pressed into pellets (d13 mm×3 mm) at 
load of 120 MPa. The CDC82 pellet was sintered at    
1 300 ℃ for 5 h. After the treatment of the sintering 
sample, Ag paste was coated on the pellet and sintered at 
850 ℃ for 1 h to reduce the organism, and then Ag 
electrode was prepared. Ag wire was attached to the Ag 
electrode. The four-probe direct current technique was 
adopted to measure the total conductivity (ionic and 
electronic) of the CDC82 pellets at 250−850 ℃. The 
stationary current was supplied by the current source 
(East Changing Technologies, Inc., Beijing) that can 
change from 2 nA to 2 A. 

2.3 Compatibility of CDC82 and LSGM materials 
The anode was connected with the electrolyte in 

SOFC. They shouldn’t react with each other in the 
fabrication and operation process of SOFC. That is to say, 
they should have good chemical compatibility. CDC82 
material has naturally good chemical compatibility with 
CeO2-based electrolyte material, and the chemical 
compatibility between CDC82 and LSGM electrolyte 
material was characterized in this experiment. 

To investigate the chemical compatibility between 
LSGM and CDC82 materials, LSGM and CDC82 
materials were mixed with the mass ratio of 11׃, ground 
homogeneously with alcohol in the agate mortar, dried in 
the vacuum drying chamber, and sintered at 1 200  in ℃

air for 15 h in the muffle furnace. XRD was used to 
determine whether there is chemical reaction between 
LSGM and CDC82. In general, the operation 
temperature of intermediate temperature SOFC is about 
800 . ℃ By considering higher temperature necessary for 
SOFC fabrication and resulted from non-homogeneous 
heating during operation of cell, the temperature of 1 200 

 ℃ was taken as criterion. 
 
2.4 Catalytic property 

Temperature process reducing(TPR) experiments of 
CDC82 material were performed in the TPR equipment 
(Quantachrome, Win v l.50). The carrier gas was pure 
hydrogen and its flow rate was 75 mL/min, the mass of 
CDC82 material was 0.1 g, and the experimental tem- 
perature changed from room temperature to 790 ℃ at a 
rate of 5 /min.℃  

The experiment of catalytic property for methane 
was operated in a laboratory-made fixed bed. The 
experimental gas consisted of a mixture of 90%CH4 
(molar fraction) and 10%Ar (molar fraction), its rate was 
20 mL/min, the mass of the catalysis was 2 g, and the 
operation temperature was 850 ℃. The tail gas 
composition was checked by gas chromatography 
(GC112A, Analytical Instrument Factory in Shanghai). 
The content of water could not be checked by this 
method. 
 
3 Results and discussion 
 
3.1 TG- DSC analysis 

Fig.1 shows the TG-DSC curves of the precursors 
of CDC82 materials. There is an endothermic peak at 
about 100 ℃ in the DSC curve, and an initial mass loss 
of 5.87% between 100  ℃ and 320 ℃, corresponding to 
the loss of the bound water. There is an exothermal peak 
at about 320 ℃, the second mass loss of 4.69% between 
320 ℃ and 567 ℃, corresponding to the decomposition 
of the residual nitrate and the elimination of the 
incomplete glicine combustion. The mass of the material 
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decreases more quickly from about 567 ℃, 
corresponding to the release of crystal oxygen resulted 
from the replacement of Ce4+ by Ca2+. No obvious 
endothermic or exothermal peaks exist on the DSC curve 
at about 567 .℃  The last exothermal peak emerges at 
about 829 ℃, but the changing rate of the thermal mass 
loss becomes smooth above this temperature. Maybe, 
this exothermal peak results from the transition of the 
crystal structure. Theoretically, the CDC82 material with 
fluorite can be formed above 566 .℃  
 

 
Fig.1 TG and DSC curves of precursors of CDC82 material 
 
3.2 XRD and SEM of prepared materials 

Fig.2 shows the XRD pattern of CDC82 powder 
sintered at 750 ℃ for 4 h. Pure fluorite phase exists after 
the predecessor is sintered at 750 ℃ for 4 h, which 
indicates that Ca2+ replaces Ce4+ well. The result of XRD 
accords with that of thermal analysis (TG-DSC). 
According to Fig.2, the diffraction peaks of CDC82 
powder are very sharp, displaying that the crystal 
crystalline grains grow well. 
 

 
Fig.2 XRD pattern of precursor of CDC82 powder sintered at 
750  for 4℃  h 
 

Fig.3 shows the SEM images of the CDC82 anode 
material sintered at 750  for℃  4 h. According to the 
images, the crystalline grains agglomerate and form large 

size particles. But the diameters of most particles are 
below 30 µm. CDC82 powder with nanometer size can 
be obtained after grinding. The small size particles are 
very active, which is beneficial to decreasing the 
fabrication temperature of the anode film and improving 
the catalytic properties. 
 

 
Fig.3 SEM images of CDC82 material sintered at 750  for℃   
4 h: (a) Higher magnification; (b) Lower magnification 
 

Fig.4 shows SEM images of the CDC82 anode 
pellet sintered at 1 300  for 5℃  h. According to the 
images, the crystalline grains with roll shape offer 
nanometer size. The grains are closely packed and no 
voids are observed between the crystalline grains. This 
dense pellet can efficiently prevent fuel in anode 
chamber and oxygen in cathode chamber from 
permeating from one side to another side and can enlarge 
cell efficiency when it is used as the electrolyte layer of 
SOFC. It is verified that the CDC82 material sintered at 
750  is very active.℃  
 
3.3 Conductivity of samples 

Fig.5 shows the total conductivity of CDC82 in air 
and pure hydrogen, which was measured by four-probe 
direct current method at different temperatures. The 
oxygen vacancies exist when Ce4+ is replaced by Ca2+ in 
air, and the material has low ionic conductivity. The ionic 
conductivity changes little at 250−850 ℃, and reaches  
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Fig.4 SEM images of CDC82 pellet sintered at 1 300  for ℃ 5 h: 
(a) Lower magnification; (b) Higher magnification 
 

 

Fig.5 Conductivity of CDC82 material at different temperatures 
in different atmospheres 
 
the maximum value of 0.04 S/cm at 750 ℃. 

Ce4+ is reduced to Ce3+ when the experimental 
atmosphere changes from air to hydrogen. In order to 
analyze the correlation between conductivity and 
atmosphere, the thermodynamic analysis of the reaction 
of CDC82 and H2 is necessary. For the shortage of 
thermodynamic data of CDC82 and the similarity 

between CDC82 and CeO2, the thermodynamic analysis 
of CeO2 and H2 was carried out by HSC thermodynamic 
software that can response that of CDC82 and H2 to a 
certain extent[12−13]. 

Fig.6 shows the equilibrium diagram with the main 
species using CeO2 and H2 as starting materials at 
different temperatures. From Fig.6, CeO2 can be reduced 
to CeO1.83 and CeO1.72 at low temperatures, and more and 
more Ce4+ changes to Ce3+ with temperature increasing. 
So, the electrical type changes from ionic to 
ionic-electronic mixed one when the experimental 
atmosphere changes from air to hydrogen, and the total 
conductivity increases. 
 

 

Fig.6 Equilibrium diagram of reaction of CeO2 and H2 at 
various temperatures 
 

According to Fig.6, only a small amount of Ce4+ are 
reduced in hydrogen below 400 ℃. Correspondingly, the 
total conductivity changes little under this conditions. 
More and more Ce4+ ions are reduced to Ce3+ above 400 

 and more ℃ Ce4+/Ce3+ small polarons form. Furthermore, 
the small polarons have high energy and can move more 
quickly at higher temperatures. So, the total conductivity 
increases more rapidly above 400 , ℃ for example, it 
reaches 1.09 S/cm at 850 ℃. 
 
3.4 Chemical compatibility between CDC82 and 

LSGM materials 
Fig.7 shows the XRD patterns of the mixed powders 

of LSGM and CDC82 materials sintered at 1 200  in ℃

air for 15 h. According to Fig.7, the impurities such as 
La2O3 and CeMg emerge during the heating process. 
This result shows that there is a chemical reaction 
between LSGM and CDC82 materials. The conventional 
(coating and screen-printing) techniques aren’t suitable 
for the fabrication of LSGM-based CDC82 anode film. 
Maybe, the application of some special techniques (such 
as plasma spray [14] and pulsed laser deposition [15]) 
without sintering process at high temperature or the  
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Fig.7 XRD patterns of CDC82(a), LSGM(b) and mixture of 
them(c) sintered at 1 200  for 15℃  h 
 
introduction of an interlayer between CDC82 and LSGM 
[16] can resolve the above problem. 

In the experiments, the CeMg impurity emerges in 
the sintering process of LSGM-Ce1−xCaxO2−δ and 
LSGM-Ce1−xGdxO2−δ. It is assumed that CeMg results 
from the diffusion of Mg and the reaction between Mg 
and CeO2-based materials. In order to find the reason for 
this phenomenon, the equilibrium diagram of CeO2-Mg 
is drawn by HSC thermodynamic software (Fig.8). 
According to Fig.8, CeMg alloy emerges at low 
temperature, and Mg element permeates into CeO2-based 
materials continuously. So, the perovskite structure of 
LSGM is damaged and the impurities such as La2O3 

emerge. 
 

 
Fig.8 Equilibrium diagram of reaction of CeO2 and Mg at 
various temperatures 
 
3.5 Catalytic properties 

TPR profile of CDC82 material is shown in Fig.9. It 
can be noticed that the reduction of the CDC82 material 
takes place in two stages. Maximal peaks locate at 470 

 and 600℃  . T℃ he first peak is involved in the reduction 
of the surface sites, while the second peak in bulk sites. 

Compared with the two reduction peaks (380  and 800℃  
) ℃ of CeO2[17], the first peak of CDC82 material shifts 

to higher temperature, indicating that the reduction of 
surface sites is weakened; and the second peak shifts to 
lower temperature. An opposite conclusion can be drawn 
that the reduction of bulk sites is highly enhanced. But, 
the two peaks of CDC82 material are lower than those of 
Ce1−xZrxO2−δ[18−19], indicating that the catalytic 
property of CDC82 material is excellent. 
 

 

Fig.9 H2-TPR profile of CDC82 material 
 

Fig.10 shows the products and their contents of the 
catalytic reactions of CeO2-methane and CDC82- 
methane at 850 . Compar℃ ed with the reaction between 
CeO2 and methane, more CO and CO2 and less H2 exist 
in the reaction of CDC82 and methane when the mass of 
CeO2 and CDC82 are the same. This indicates that Ce4+ 
ions are reduced more easily when they are partly 
replaced by Ca2+. XRD results show that the CDC82 
material remains in the fluorite structure and there is no 
evidence of formation of carbonaceous deposition after 
catalytic test. 
 

 

Fig.10 Composition and their contents of catalytic reactions of 
CeO2 and CDC82 materials for CH4 
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4 Conclusions 
 

1) Thermal analysis (TG-DSC) shows that CDC82 
material with fluorite structure forms and the mass 
decreases quickly from 567 ℃. There is an apparent 
exothermal peak at 829 ℃, but the TG curve becomes 
smooth after this temperature, indicating a possible 
transition of the crystal structure at 829 ℃. After the 
precursor is sintered at 750  for 4℃  h, CDC82 material 
with pure-fluorite structure is obtained. 

2) The total conductivity is low and changes little 
with temperature increasing in air. It becomes higher 
wholly and increases more quickly with temperature 
increasing when the atmosphere changes from air to 
hydrogen. The total conductivity is 1.09 S/cm at 850 . ℃

CDC82 and LSGM materials have bad chemical 
compatibility. 

3) The catalytic property and bulk sites of CDC82 
material are greatly enhanced when Ce4+ is partly 
replaced by Ca2+. The most products are CO and H2 in 
the catalytic reaction of CDC82 material for methane at 
850 ℃. At the same time, a quantity of CO2 emerges due 
to the strong oxidized property of CDC82 material. 
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