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N atural gas is the com bustible m ix ture  o f  hydrocarbon gas w hich can be 
found in porous rock deep underground. It is w idely used in m any applications, for 
exam ple, industry, electricity, residences, com m ercial and transportation. N atural gas 
consists m ainly o f  m ethane w hich can be  separated and used  as a raw  m aterial for 
synthesis gas production.

The w idely-used process to produce synthesis gas from  m ethane is catalytic 
steam  reform ing o f  m ethane (CSRM ). T his process uses m ethane and excess steam  
as the raw  m aterials and receives the high ratio  o f  H 2/CO. T he reaction occurs at h igh 
tem peratures (7 0 0 -1 100°C). A lthough SR M  process is econom ical and high 
efficiency, it still has som e disadvantages. F o r exam ple, it needs large am ount o f  
energy  due to its h ighly  endotherm ic reaction. M oreover, it required the excess steam  
to prevent carbon form ation on catalyst. Last, the high H 2 /C O  product ratio is not 
su itable for applications o f  m ethanol and F ischer-T ropsch synthesis.

An alternative w ay to produce synthesis gas is catalytic partial oxidation  o f  
m ethane (CPO M ). Stoichiom etric feed o f  m ethane and oxygen w ith  suitable catalyst 
can produce synthesis gas w ith the suitable H 2/CO  ratio for further applications. 
B esides, the other advantages o f  this p rocess are m ild ly  exotherm ic and short 
residence tim e. T herefore a suitable catalyst p lays an im portant role in CPO M .

The catalysts that have been em ployed in cataly tic partial oxidation  o f  
m ethane are noble m etal catalysts such as Rh, Pd, Pt and non-noble m etal catalysts 
such as Ni, Fe, Co. A m ong these catalysts nickel-based catalyst has been w idely  
studied  because it is highly active, abundant and also inexpensive. H ow ever, the 
n ickel-based catalyst is suffered from carbon deposition and sintering at elevated 
reaction  tem peratures leading to the reduction  o f  activity (B am penrat e t a l., 2010). 
T h is serious problem  has led m any researchers to study th e  m odification  o f  nickel 
catalyst in order to im prove its stability.

Carbon depositions on nickel-based catalysts occurring  at elevated reaction 
tem peratures are com posed o f  encapsulated carbon and w hisker carbon resu lting  in 
deactivation o f  catalyst and reactor clogging, respectively. T sang  e t a l. (1995)
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reported  that the carbon deposition occurred v ia  m ethane decom position  and carbon 
m onoxide d isproportionation (B oudouard  reaction). Such reactions are 
therm odynam ically  favorable under the reaction  conditions o f  partial oxidation o f  
m ethane.

To im prove the catalyst stability, m any studies have been  em phasized on 
supports and prom oters. Pengpanich e t a l. (2002) studied the effect o f  the ratio 
betw een ceria (CeC>2 ) and zirconia (ZrC>2 ) in C e 0 2 -ZrC>2 m ixed oxide solid solution 
on the reducibility  o f  m ixed oxides. T hey reported  that the Ceo.7 5Zro.2 5 O 2 possessed 
the highest degree o f  reducibility. M oreover, Pengpanich e t a l. (2004) reported that 
the Ni/Ceo.75Zro. 2 5 0 2  m ixed catalyst exhibited the ability to resist carbon deposition 
due to the high degree o f  metal d ispersion and surface oxygen m obility  related  to the 
reducibility  o f  catalysts.

D ong e t a l. (2002) proposed that 15wt% nickel loading on C e 0 2 -ZrÛ 2 

support provided the  h ighest perform ance (conversion and selectivity) and stability. 
At h igher or low er loading o f  nickel the catalyst gave less stability  and catalytic 
perform ance, respectively.

Pue-on e t a l. (2011) reported that i 5 N i5 MgZCeo.7 5Zro.2 5 O 2 exhibited the high 
stab ility  due to the high m etallic dispersion and reduction in carbon deposition due to 
N iO -M gO  solid solution.

Qui e t a l. (2012) reported that the partially reducible N iO -M gO  solid 
solution seem s to result in the high Ni d ispersion and sm all N i particles stabilizing 
the reduced nickel surface from carbon deposition with high activity.

A runsingkarat e t a l. (2012) studied the effects o f  low  M g content and m etal 
incorporated sequences on NiZCeo.75Zro.2 5 O 2 for catalytic partial oxidation  o f  
m ethane. They reported  that adding o f  M g at low  content resulted  in decreasing the 
cataly tic  activity bu t increasing the cataly tic stability. For the effect o f  M g 
incorporated sequences, they found that the  Ni-MgZCeo.75Zro.2 5 O 2 possessed h igher 
cataly tic activity  bu t had a low er carbon deposition resistance than the M g- 
NiZCeo.75Zro.2 5 O 2 -

In this study, the effect o f  M g content on the cataly tic perform ance and 
stab ility  to carbon form ation for m ethane partial oxidation w ere investigated on the 
Ni()ZCeo.75Zro.25-xMg2x02 catalysts. The series o f  m ixed oxide supports Ceo.7 5Zro.2 5 - 
xMg2x02 w ere p repared  by  sol-gel m ethod via urea hydrolysis in  w hich the atom ic
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m ole fraction o f  cerium  w as fixed at 0.75 w hile  that o f  M g w as varied  in the range o f
0.07-0.19 resu lting  in a ltering  zirconium  atom ic m ole  fraction. N ickel loading w as 
perform ed b y  incipient w etness im pregnation  m ethod. T he loading am ount o f  n ickel 
w as fixed at 15wt%. T he  prepared catalysts w ere characterized b y  m eans o f  X -ray  
fluorescence (X RF), B E T  surface area m easurem ents, แ 2 tem perature program m ed 
reduction (H 2 -TPR), tem perature program m ed oxidation  (TPO ), X -ray  d iffraction 
(X R D ) analysis, scanning electron m icroscopy (SEM ) and transm ission electron 
m icroscopy (TEM ). T he catalytic activ ity  and stab ility  to carbon deposition for 
m ethane partial oxidation  w ere investigated  in adjusted  sequentially  tem perature 
range o f  400-800°C  in w hich  the tem perature interval w as 5 0 ° c  at atm ospheric
pressure.
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