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1. Introduction  

 There is a great economic incentive in developing effi-
cient catalysts for the conversion of natural gas in synthesis 
gas (suitable for methanol and Fischer-Tropsch synthesis 
processes) or for hydrogen production. Partial oxidation of 
methane (POM) is a much less energy-intensive reaction 
than that used nowadays, based on highly endothermic 
methane steam reforming.  

Supported Ni catalysts were found to be active for the 
former process, but suffer from deactivation caused by 
coke formation as well as sintering of Ni particles. In com-
parison, noble metal catalysts exhibit higher activities and 
stabilities; however, they are much more expensive and 
less readily available. As recently reported, the use of rare 
earth oxides as supports produce efficient catalysts for 
oxidation reactions [1-3].  

Among various methods of catalysts synthesis, solution 
combustion synthesis (SCS) is well suited for the synthesis 
of metal oxides of homogeneous and finely particulate 
composition, which is a critical point in these materials 
[4,5].  

Inspired by the latest developments in ceria-supported 
Ni catalysts [6,7], we focused on the synthesis by  SCS 
method of nickel supported on mixed cerium oxides, doped 
with different lanthanides (Gd, La, Nd and Sm), in order to 
study its influence on creating oxygen vacancies, and its 
possible role in POM reaction. 

2. Experimental 

2.1 Synthesis Method 

In this study, cermets (Ni)0.1(Ce0.9B0.1O1.95)0.9 (B = Gd, La, 
Nd and Sm) were synthesized by SCS method. In a typical 
procedure, stoichiometric amounts of the corresponding 
nitrates are dissolved in distilled water, and then a certain 
amount of a fuel compound is added. The mixture is heat-
ed on a heating plate until self-igniting, producing in a sin-
gle step a powder consisting of nickel supported on the 
corresponding mixed oxide. 

 
 

 
 

2.2 Catalytic activity tests  

The catalytic behaviour of these catalysts for the partial 
oxidation of methane to syngas was studied at 700°C using 
a quartz fixed bed reactor. The catalysts (40 mg) were sub-
jected to a pretreatment under N2 flow at 700°C for 1 hour, 
prior to the reaction. The space velocity was 36600 mLN/h·g 
and the feed composition was 40% CH4, 20% O2 and 40% 
N2 (molar). 

 
2.3 Characterization 

The phase identification was performed by X-ray dif-
fraction (XRD) analysis using a Bruker D8 (CuK, 40 kV, 30 
mA) equipment. Specific areas were calculated using the 
BET method from the nitrogen adsorption isotherms at  
196°C  using a Micromeritics ASAP 2000 automatic instru-
ment. The total pore volume and the pore radius distribu-
tion were determined using mercury porosimetry (Mi-
cromeritics AutoPore IV 9510). Temperature-programmed 
reduction (TPR) experiments were carried out in an auto-
matic Micromeritics TPD/TPR 2900. Nickel dispersion and 
oxygen storage capacity (OSC) was determined by pulse 
chemisorption, with H2 and O2, respectively, using a Mi-
cromeritics Autochem II 2920 equipment. The morphology 
of the catalysts was studied by Scanning Electron Micros-
copy. Surface chemical analyses were performed by XPS. 

3. Results 

3.1 XRD analysis 

The XRD patterns of samples (Ni)0.1 (Ce0.9B0.1O1.95)0.9 (B = Gd, 
La, Nd and Sm) (Fig. 1) show intense and sharp diffraction 

lines at angles 2 of 28.6°, 33.1°, 47.4° and 56.4° correspond-
ing to the reflection planes (111) , (200), (220) and (311) of 
fluorite-structured CeO2. It can be also distinguished a very 
low intensity diffraction line around 44°correspondig to (111) 
plane of metallic niquel. 
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3.2 Surface area and pore size distribution  

Hg porosimetries show essentially macroporous material 
with pore size distribution in the range of 0.1-100 µm. The 
BET surface area of prepared catalysts, are in the same order, 
and between 9 and 15 m

2
/g, revealing the formation of po-

rosity in these bulk materials. This macroporosity was also 
observed in the SEM micrographs. 

 

Fig. 1. XRD patterns for (Ni)0.1(Ce0.90B0.10O1.95)0.9 (B= Gd, La, Nd, 
and Sm). 

3.3 Redox properties and nickel surface area 

The materials show a defined hydrogen consumption 
between 200 and 300°C which is attributed to the reduc-
tion of small surface particles of NiO weakly interacting 
with the support. Above 630°C, a wide consumption is 
assigned to the reduction of some ceria phase. As derived 
from TPR, lanthanum-doped catalyst is the one that pre-
sent higher oxygen lability in the support lattice.  Concern-
ing surface Ni

0
 area (obtained from H2 pulse chemisorp-

tion), the following order is found: Ni-CeNd > Ni-CeSm > Ni-
CeLa > Ni-CeGd. On the other hand, the OSC of the sup-
ports, revealed by oxygen pulse-chemisorption, shows the 
following trend: CeNd > CeSm > CeLa ~ CeGd. 

3.4 Partial oxidation of methane 

Fig. 2 shows the catalytic performance of (Ni)0.1 
(Ce0.9B0.1O1.95)0.9 (B = Sm, Nd, La and Gd) catalysts for the par-
tial oxidation of methane to syngas after 6 h of time-on-
stream. The catalysts doped with Gd showed the highest CH4 

conversion and hydrogen yield. With the exception of the 
catalyst Ni-CeLa, which suffered a pronounced loss of activity 
and the lowest CH4 conversion and H2 yield along the whole 
reaction period, the catalysts exhibited high activity, selectivi-
ty and stability.  
 

  

 

 

 

 

 

Fig. 2.  CH4 conversion (a) and hydrogen yield (b) for 

(Ni)0.1(Ce0.9B0.1O1.95)0.9 (B= Gd, La, Nd and Sm). 

4. Discussion 

The characterization of the catalysts by XRD proved 
formation of fluorite-type materials with high crystallinity 
and the absence phases of pure oxides of La, Gd, Nd or Sm, 
and point out the formation of metallic niquel. This would 
imply that the conditions used in this SCS method allows 
getting in a single step a material (cermet) composed by 
metallic niquel nanoparticles supported on the correspond-
ing mixed oxide. On the other hand, as-prepared catalysts 
present high macroporosity (revealed by SEM and Hg po-
rosimetry) that increases the specific surface area of nickel 
and support (catalyst surface area per unit mass).  This fact 
is relevant since produces higher mass-specific activity and 
favour heat and mass transfer.The better catalytic perfor-
mance of Ni-CeGd catalyst is related to a certain optimum 
nickel surface area / surface oxygen vacancies proportion 
[7,8]. 

5. Conclusions 

Very efficient, stable and economic catalysts based on 
cermets Ni-(Ce0.9B0.1O1.95) (B = Gd, La, Nd and Sm) for hy-
drogen production by partial oxidation of methane have 
been developed. The catalysts, prepared by SCS method, 
consist of metallic niquel nanoparticles supported on highly 
crystalline Ce-lanthanide mixed oxides, avoiding the need 
of a reduction step, prior to the reaction. On the other 
hand, the materials present high porosity which increases 
active phase dispersion and, subsequently, the activity per 
unit mass of catalyst.  The redox pair of ceria (Ce

+4
/Ce

+3
) 

and the doping of ceria with lanthanides induce high oxy-
gen mobility and the formation of oxygen vacancies, both 
having a role in oxygen adsorption, in reactivity and in ef-
fectively removing carbonaceous residues. According to the 
obtained results, the best catalytic behavior is shown by 
the sample doped with gadolinium. Structure-activity cor-
relations point out that nickel-support interfase plays a key 
role.  
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