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The catalysts with valve metals had been modified to use in the reforming process. 
Furthermore, there is a trend to the cheaper materials due to the deactivation and high price 
of the mentioned catalysts. In this case, at the present research work, the Nickel/CMK-3 
catalysts with La2O3 as the promoter were synthesized by an impregnation method with 3 wt. 
% of La2O3. Also, the Nickel catalysts/CMK-3 and Nickel catalysts-La2O3/CMK-3 were 
characterized by N2 adsorption-desorption, X-ray diffraction (XRD), Transmission electron 
microscopy (TEM), Field emission scanning electron microscopy 
(FE-SEM), Temperature programmed reduction (TPR), and the performance of the catalysts 
for CO2 reforming of CH4. In addition, the temperature programmed reduction (TPR) 
technique was selected to evaluate the catalyst properties for the CO2 reforming of CH4. In 
final, the obtained results demonstrated that the formation of amorphous mesoporous 
Carbon with NiO nanoparticles inside the channels of the supported base and also the Lantana 
oxide addition induced better Nickel oxide dispersion and increased the interaction of the 
catalyst particles with support. As a result, the Nickel catalysts supported on the Carbon 
mesoporous has shown enough activity for the CO2 reforming of CH4 at 650 ºC. However, the 
mentioned samples were deactivated due to Carbon oxidation according to the TGA results.  
Therefore, the addition of La2O3 with 3 wt. % as a promoter improved the catalytic activity up 
to 57% and enhanced the catalytic stability at a duration time of 2 hr. 
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1. Introduction 

In recent years, the Carbon dioxide reforming of 

methane has been paid more attention to Syngas  

production than the other reforming methods [1,2]. 

According to reaction (1), the CH4 and CO2 (Dry 

reforming reaction feed and greenhouse gases) 

convert to Syngas [3]. 

CO2+CH4→2H2+2CO (1) 

The Syngas can be used to prepare a raw material 

for Fischer–Tropsch Synthesis to produce the Alkanes 

and Oxygenates materials [4,5]. The  main 

disadvantage of Carbon dioxide reforming of CH4 in 

industrial application is the deactivation of the 
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catalysts due to the coke deposition on the surface 

catalysts. The catalyst modified with noble metal has 

been  enough reviewed for reforming process [6]. In 

addition, metals ions loading, such as Ru, Ce, La, Y. etc. 

into the pores framework, is one of the excellent routes 

to provide the active sites [7-11]. So, having the 

fundamental knowledge of the metal ions effects as the 

promoter and their interactions with barriers is very 

noticeable. Yttrium and Yttria with high redox 

properties and chemical durability are also a proper 

candidate for the promotion of catalytic properties 

[12-15]. Costa et al. [16], examined the partial 

oxidation of methane by Pd/CeO2 and Pd/Y2O3. They 

concluded that the selectivity to CO in Pd/Y2O3 catalyst 
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is higher than that of Pd/CeO2. Because, Pd/Y2O3 

catalyst facilitates the transformation of ethoxy species 

to the reforming reaction, however, Pd/CeO2 catalyst 

leads to the high-speed oxidization of Carbon 

monoxide to Carbon dioxide. Wu et al. [17] reported an 

impregnated to synthesis the different Rh-supported 

catalysts in the reforming of methane. They found the 

order of catalytic activity as fallow: Rh/Y2O3 > 

Rh/CeO2 > Rh/La2O3 > Rh/Al2O3. The activity of 

Rh/Y2O3 in the reforming route was modified due to 

the formation of the surface oxygen vacancies by Y2O3 

[18]. Furthermore, Chen et al. studied the Cu effect on 

Ni-Cu bimetallic catalysts on YSZ base and reported the 

Cu addition induced the 

Ni-Cu alloy formation and the inhibition of coke 

formation in the reforming process [19]. Besides, Niazi 

et al. investigated the Cu, Mg, and Co effects on Ni/CeO2 

base in reforming reaction. They showed that the 

addition of the mentioned elements caused to improve 

the stability and selectivity of the catalyst [20]. 

However, the expensive cost and the deactivation of 

the catalysts with a noble element can be led a trend 

toward cheaper metals.  

The deactivation of the catalyst is the Carbon 

deposition on the surface catalyst. As a result, it 

decreases the specific surface area, the active sites, and 

selective properties. Therefore, Nickel catalysts are 

preferred to other noble metal catalysts as they  are 

cheaper, more active, and resistant to Carbon  

depositions in CO2 reforming reaction [21]. 

Furthermore, the Carbon materials have been applied 

as catalysts or catalyst supports in the different 

processes due to having porosity or Oxygen surface 

groups, which can affect the selectivity and activity of 

the catalysts [22]. Therefore, a large  number of 

Carbonaceous materials (Carbon black, activated 

Carbon, and the Carbon materials created from 

biomass remains) are investigated as the catalyst in the 

decomposition of methane gas [23]. Carbon-based 

catalysts are more beneficial than metal catalysts and 

Carbon-based catalysts due to having available, 

durable, and resistant to sulfur or other impurities [24-

26]. In this case, Fidalgo et al. [27] studied the Carbon 

catalysts and microwave receptors in the CO2 

reforming of methane. They found that the oxidized 

Carbon observed on the surface of the catalysts  

happens under microwave heating, especially. 

Moreover, an important activity of CO2 on the Carbon 

materials was reported. Jun et al. [28] applied La and 

Ce/CMK-3 as the catalysts for the CO2 reforming of the 

CH4 reaction. As a result, they reported that the 

ordered mesoporous Carbon materials, which were 

made of SBA-15 and KIT-6 hard Silica templates, could 

be used as the catalyst. The activity and stability of the 

catalyst doped with Ce and La on the CMK-3 base were 

higher as compared to the similar catalyst on the SBA-

15 and KIT-6. Despite all of those, the research in the 

field of Carbon and Carbon catalysts in the CO2 

reforming of CH4, the Nickel/CMK-3 catalysts have not 

been studied. Therefore, this research work was 

focused on the Nickel catalysts/CMK-3, and Nickel 

catalysts-La2O3/CMK-3 in the CO2 reforming of CH4, 

and the mentioned catalysts were synthesized and 

characterized. 

2. Research Method and Materials 

2.1. Preparation of precursors 

The salt of Ni(NO3)2·6H2O and La(NO3)3.6H2O, 

Sucrose, and TEOS (Merck, 99%) were considered as 

the Nickel and Lanthanum, Carbon, and Silicon 

precursor. Furthermore, (Poly(ethylene glycol)-block-

poly(propylene glycol)-block-poly(ethylene glycol), 

M=5800, Aldrich) and hydrochloride acid were used as 

the matrix and the pH stabilizer. 

2.2. Synthesis of SBA-15 

In the present work, Silica mesoporous is made as a 

hard template by using the hydrothermal route [29]. In 

the further step, the surfactant wax (8.0 g) is dissolved 

in the solution of deionized water (60 ml) and HCl (2M, 

240 ml). Then, the TEOS (17 g) is added drop by drop 

to the mentioned solution at 40  °C and then is stirred 

vigorously for 24  hr. Subsequently, the obtained 

solution is transferred to a sealed Teflon vessel and 

dried at 100  °C for 24  hr. In the final step, the white 

powder is centrifuged, washed with deionized water, 

and heated at 90  °C until dehydrating. Then, the 

calcination treatment is carried out at 550 °C under the 

atmosphere conditions for 6 hr. 

2.3. Synthesis of CMK-3 

The replication method was used to form the 

combination of ordered mesoporous Carbon (CMK-3) 

and SBA-15. Furthermore, Sucrose was applied as a 

hard template and Carbon source according to method 

used by Gharahshiran et al. [25]. In this case, Silica (2.0 

g) template was dispersed in the solution of Sucrose 

(2.5 g), H2SO4 (0.28 g, 98%), and deionized water (10 

g). The mixture was heated at 100 °C for 6 hr in a heater 

and then the temperature was increased to 160 °C for 

6 hr. The Silica template with partial polymerized and 

carbonized sucrose was heated again at 100 °C and 

then at 160 °C by a heater. In follow, the mixed solution 

of Sucrose (1.6 g), H2SO4 (0.18 g, 98%), and H2O (10 g) 

was prepared. To complete the carbonization, the 

Sucrose-Silica composite was heated at 900 °C for 6 hr 

under the Argon atmosphere with a stream rate of 170 

ml/min. Furthermore, hydrofluoric acid (5 wt. %) was 

used to remove the hard template of Silica at room 

temperature. In follow, mesoporous Carbon was 

filtered, washed with ethanol, and heated at 110 °C for 

12 hr. To loading of Nickel (10 wt. %) into the 

mesoporous matrix, the impregnation method was 

used [30-31]. Subsequently, the heated Nickel catalyst 

was impregnated with La(NO3)3.6H2O (3 wt. %) in the 

https://www.sigmaaldrich.com/catalog/substance/polyethyleneglycolblockpolypropyleneglycolblockpolyethyleneglycol12345900311611
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same way as the addition of La2O3, and two metal 

catalysts were heated at 90 °C similar to Ni catalysts as 

well. The schematic of synthesis of mesoporous Carbon 

and catalysts was shown in Figure 1. 

2.4. Catalyst evaluation 

The catalyst and promoter crystalline phase were 

studied using the X-ray diffraction analysis by a Bruker 

D8 diffractometer. The source of XRD analysis was 

carried out using the Cu-Kα radiation with λ=0.15418 

nm and operated at 40 kV and 30 mA. Field emission 

electron scanning microscopy (MIRA3 TESCAN-XMU, 

FE-SEM) with an EDS detector was used for the 

observation of the morphology of the materials. A 

surface area analyzer (BEL, Sorp mini-II) was carried 

out to evaluate the N2 adsorption/desorption 

isotherms of catalysts at 196 °C. The specific surface 

area calculation was determined using the Brunauer-

Emmett-Teller (BET) technique. Furthermore, the 

pore diameter (DBJH) and pore volume were 

determined from the adsorption branch of isotherm 

curves by the conventional Barrett–Joyner–Halenda 

(BJH) method [32-33]. Before each test, the catalysts 

were heated to dry at 150 °C for 3 hr. The X-ray 

fluorescence examination was considered to evaluate 

the chemical compositions of the samples (ED, 2000 

model, Oxford Co.). To take the TEM images, the 

samples were dispersed in an alcohol solution under 

ultrasonic conditions and thus a drop of the obtained 

solution was placed over the Carbon film grid to 

remove the water [34]. The reduction properties of the 

catalysts were studied using the temperature-

programmed reduction analysis with a micrometric 

chemisorb2750. Subsequently, 50 mg of the sample 

was placed into the fixed-bath reactor and heated from 

100  °C to 700  °C with a heat rate of 10 °C/min in the 

mixture of Hydrogen: Argon (10:90) atmosphere with 

a stream rate of 30ml/min. Before each test, the 

specimens were degassed in the Argon atmosphere at 

250  °C for 1 hr. The thermogravimetric (L70/2171, 

Germany) analysis was applied to confirm the 

existence of Carbon element over the fresh catalyst. 

The H2 depletion during the reduction process was 

evaluated using the gas chromatograph equipped with 

the thermal conductivity detector. 

2.5. Activity study of catalysts 

The catalytic activity was determined using a quartz 

tubular fixed bath continuous stream micro reactor 

(i.e. 8 nm) at different temperatures under 

atmospheric pressure. Then, the specimens with 

10Nickel/CMK-3 and 3La2O3/10Ni/CMK-3 were 

pressed, crushed, and separated from 40 to 60 mesh. 

Furthermore, a micro reactor was filled with the 

granules of catalyst in the constant weight (0.2g). In 

addition, before doing the catalytic reaction, the 

specimens were reduced in an atmosphere of pure H2 

with a stream rate of 30 ml/min at 700  °C for 3 hr. 

Then, the reactor was cooled to temperature of 500 °C 

[34]. In a final step, a mixture of reactants (CH4 and CO2 

with: GHSV=12000ml/(h.gcat), CO2/CH4=1:1, P=1atm) 

were transferred into micro reactor. The activity 

evaluation was carried out at different temperatures in 

the range of 500 to 700 °C with a rate of 50 °C/min. To 

remove the water from the specimens, they were sent 

to a water-trap chamber [34]. Subsequently, the 

chemical composition of the gas was evaluated using a 

gas chromatograph (HID YL-6100, with a carboxen 

1010 column). 

 

Figure 1. The schematic figure of the synthesis of mesoporous Carbons and catalysts. 
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3. Results and Discussions 

3.1. Structural evaluation 

The high-angle X-ray diffraction spectra from 10 to 

70 degree for the Nickel catalysts/CMK-3 and Nickel 

catalysts-La2O3/CMK-3 is observed in Figure 2. As 

shown in Figure 2, the intensity of the peaks of 

specimens is in the range of 10 to 30 degree and is 

related to the amorphous mesoporous Carbon [33-35]. 

The XRD spectra of Ni-CMK-3 shows the three 

diffraction peaks at 2θ of 37.18, 43.31, and 62.77 

degree; which are confirmed the NiO nanoparticles 

formation inside the support channels according to 

JCPDS 04-0835 standard. Furthermore, in the 

La2O3/Nickel-CMK-3 catalyst, similar to the Ni/CMK-3 

catalyst, there are the main peaks of Nickel oxide. 

Additionally, any diffraction peak of La2O3 is not 

observed due to the low or well-dispersed non-

crystalline phase of lanthanum oxide or the small 

crystallite size of oxides, which are out of the detection 

limit of the XRD analyzer [34]. 

 
Figure 2. Intensity (a.u.) via 2Teta (degree) of CMK-3, 

10Ni/CMK-3, 3La2O3/10Ni/CMK-3. 

Besides, the textural details of fresh catalysts are 

observed in Table 1. The average size of Nickel oxides 

crystalline is determined using the following Scherrer 

equation: 

D=(Kʎ)/(βcosθ) (2) 

In the Scherer relation, D is the average size of the 
crystalline grains, which is smaller or equal to the grain 
size; K is a dimensionless shape factor and can be 
assumed to be 1. λ is the wavelength of X-ray; β is the 
width of line broadening at the half of peak with 
maximum intensity and θ is the diffraction angle. The 

XRD results indicated that the addition of La2O3 (3 
wt%) decreased the Ni crystallite size and increased 
the dispersion of Ni particles (Table 1). The XRF 
examination data of the Ni/SBA-15/La2O3 catalysts are 
summarized in Table 1 (the weight percent of Ni less 
than 10% and the weight percent of La less than 3%). 
The results in Table 1 show some of the Nickel and La 
particles that are not wholly incorporated in the 
channels of the synthesized specimens. Also, the 
weight loss phenomena has happened in the duration 
of the washing treatment in the impregnation duration 
process. Furthermore, the oxide materials of Al2O3, 
P2O5, MgO, and Fe2O3 are in XRF data due to the 
existence of impurities in raw materials that are used 
to produce the samples. 

Figure 3, shows the N2 adsorption-desorption 
isotherms and pore size distribution spectra of the 
CMK-3 support, Nickel/CMK-3, and La2O3/Nickel-
CMK-3 catalysts. The curves in Figure 3a and 3b 
display the classic type-IV of the N2 adsorption-
desorption isotherms with a perfect hysteresis loop, 
which indicate the formation and presence of the 
mesoporous materials. 

In all samples, after loading the Ni and La2O3 inside 
the Silica template, the hysteresis loop is observed that 
has altered from H1 to H4 type. In the Nickel catalyst 
supported on Carbon mesoporous, the type of 
hysteresis loop is similar to the CMK-3 hysteresis loop, 
which is indicated by the CMK-3 mesoporous channels 
after loading of the Nickel (10 wt. %). However, in the 
La2O3/10Nickel-CMK-3 catalyst, the loop hysteresis is 
very weak. As a result, the adsorption branch over the 
desorption branch and the width of the loop hysteresis 
are very wide, which is expected a very border pore 
size distribution compared to the data reported in 
Table 2. Furthermore, Table 2 displays the results of 
the textural parameters of the SBET, the volume of the 
total pore (V), average pore diameter (d), Nickel oxide 
crystallite size (dNiO), and Nickel oxide dispersion 
(DNiO). Thus, the results show the specific surface area, 
and the average pore volume of the CMK-3 support, 
which is reduced after the Nickel loading from 781 to 
240 m2/g and from 0.78 to 0.58 cm3/g), respectively. 
However, the average pore diameter increases from 4 
to 9 nm due to the filling of mesoporous  of the CMK-3 
matrix with Nickel oxide nanoparticles, which leads to 
the closure of the Carbon micro pores. Therefore, the 
larger average pore diameter is obtained due to the 
simultaneous reduction in the surface and pores 
volume, which is expected that most Nickel oxide 
nanoparticles are incorporated within the mesopores. 

In comparison to the structural properties of the 
Nickel catalysts with and without a promoter, it can be 
concluded that the specific surface area of the modified 
catalyst with lantana has decreased. 

Table 1. The composition of with and without promoter catalysts 

NiO 
(%wt) 

La2O3 
(%wt) 

Al2O3 
(%wt) 

P2O5 
(%wt) 

MgO 
(%wt) 

Fe2O3 
(%wt) 

Sample 

9.02 - 0.92 0.17 0.31 0.3 10Nickel/CMK-3 

8.79 2.96 0.8 0.07 0.27 0.2 3La2O3/10Ni/CMK-3 
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Figure 3. a: Adsorption-Desorption Isotherms, BJH Adsorption pore size distribution in supported catalyst  
b: CMK-3, 10Nickel/CMK-3, and c: 3La2O3/10Ni/CMK-3. 

Table 2. The structural properties of the matrix with and without promoter catalyst 

Surface area  
(m2/g) 

Average pore  
volume (cm3/g) 

Average pore  
diameter (nm) 

NiO crystallite  
size (nm) 

%Dispersion Sample 

781 0.73 3.8 - - CMK-3 

239.7 0.53 8.86   10Nickel/CMK-3 

175 49.3 9.77 6.7 5.13 3La2O3/10Ni/CMK-3 

 

However, the amount of average diameter and the 

amount of volume of pores have increased. 

Furthermore, the size of the NiO nanoparticles at the 

catalyst decreases after the addition of Lanthanum 

oxide. In particular, the Lantana addition leads to 

better Nickel oxide dispersion and increases the 

interaction of the catalyst particles with the support. 

Moreover, the loading of the Lanthanum oxide as a 

promoter can induce a further decrease in the amount 

of specific surface area, which is indicated by the 

addition of Lanthanum oxide and is induced the filling 

of more mesoporous channels. Therefore, the average 

pore volume is decreased. To know more details about 

Ni distribution over the 10Ni/CMK-3 and 
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3La2O3/10Ni/CMK-3 catalysts, TEM analysis is carried 

out to evaluate the primary sample of the catalysts. 

Then, TEM micro images of the catalyst specimens are 

presented in Figure 4. 

In the CMK-3 support and unmodified Ni catalyst, a 

long uniform channel of the mesoporous can be 

observed at the highly ordered materials [29], which 

are known as the self-assemble of the mesostructured 

nanoparticles and a like-hierarchical structure [25]. 

These results are in agreement with the obtained 

results of the N2 adsorption-desorption curves. 

Moreover, the semispherical Nickel oxide particles are 

well-dispersed on the surface of the mesoporous 

channels and inside the mesoporous channels [29]. 

Furthermore, Figure 4 shows the mesoporous 

Carbon materials, which are modified by La2O3. The 

main mechanism of the Lanthanum promoter is related 

to the roughness formation on the surface of the Nickel 

catalyst by providing the defects and disorders of 

network and then has an important role to control the 

activity and selectivity of the catalyst. As a result, the 

catalyst with La (3 % wt.) has the highest resistance to 

Carbon deposition due to the reduction in the size of 

the Nickel oxide particles, which prevents the creation 

and growth of the graphite. Therefore, it can be found 

that the main role of Lanthanum was the high nitrogen 

storage capacity of La2O3, which gasified the deposit of 

Carbon from methane decomposition reaction 

(Figures 4 and 5). Thus, less formation of Carbon and 

the best stability are obtained in the catalyst with the 

addition of La2O3 (3 % wt.). Furthermore, scanning 

electron microscopy images indicate the presence of 

the agglomerated nanometer particles in the matrix of 

metal particles (Figure 5). 

 

 

 
Figure 4. TEM micrographs of a: CMK-3, b: 10Nickel/CMK-3, 

and c: 3La2O3/10Ni/CMK-3. 

 
Figure 5. Image of Scanning electron microscope of 3La/10Nickel/CMK-3 sample 
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A semi-quantitative chemical analysis obtained 

with X-ray diffraction spectroscopy indicates the 

presence of elements (Table 3). A study on the 

reduction behavior of the catalysts and the TPR 

profiles for the Nickel catalysts with and without La2O3 

(3 % wt.) is carried out and the results are presented 

in Figure 6. As shown in this figure, a reduction peak 

appears at the 400 °C in the Nickel/CMK-3. The Nickel 

oxide reduction point is appeared in the range of 300 

to 400 °C as well [33]. Hence, the reduction point is 

observable at 400 °C, which is related to the NiO 

nanoparticles with relatively well-interacted in the 

support. In other words, the reduction of Nickel oxide 

into metallic Nickel has completely happened . In the 

TPR profile of 3La2O3/10Ni/SBA-15, three peaks are 

appeared. In comparison to the Nickel catalyst, the first 

peak appeared at a lower temperature of 300 °C. 

Furthermore, the second peak at the average 

temperature from 400 °C to 500 °C and the third peak 

at 700 °C are observed. 

Table 3. The percentage of weight elements specified 
 with EDS analysis.  

La Ni O C El. 

0.11 5.74 22.95 71.19 W% 

 

 
Figure 6. H2-TPR profiles of 10Nickel/CMK-3, 

3La2O3/10Ni/CMK-3. 

As a final result, the first point had related to a 

reduction of the Nickel oxide with the weaker reaction 

with the support. Furthermore, the second point had 

attributed to the methane formation on the CMK-3 

support according to the following reaction: 

CO+3H2→CH4+H2O (3) 

In addition, the third point had related to the 

stronger interaction between the lanthanum and the 

Nickel oxide. This means that the presence of the 

lanthanum oxide as a promoter facilitates the 

reduction of the Nickel oxide and thus the lanthanum 

oxide leads to the formation of the Ni-La solid solution 

phase with a stronger interaction with support, and 

then improves the thermal stability of the catalys [36]. 

3.2. CO2 reforming of CH4 

To evaluate the dry reforming of CH4, the catalysts 

are heated to 700 °C for 3hr, and then the temperature 

is decreased to 500 °C. Furthermore, the Hydrogen gas 

is injected during the evolution of Methane and Carbon 

dioxide conversion, and the temperature is increased 

in the range of 500 to 700 °C. Besides, the reactor tests 

are carried out in the same conditions for the Nickel 

catalysts/CMK-3 and Nickel catalysts-La2O3/CMK- 3. 

Thus, the results have demonstrated the activation of 

the Nickel catalysts with and without the Lanthanum 

oxide on CMK-3, which is started at 600 °C and below 

600 °C. Therefore, Methane conversion and catalytic 

activity have not appeared in the mentioned 

conditions. 

Moreover, the initial activity of both catalysts 

achieved at 600°C and reached near the maximum 

activity at 650 °C. Then, they were immediately 

deactivated after about one hour of reaction. In the 

previous research [25], the same results have been 

obtained for the La/CMK-3 and Ce-CMK-3 catalysts as 

well. The reason for the rapid deactivation of these 

catalysts can be attributed to various factors. The 

reactor tests shown that the thermal stability of the 

mesoporous Carbon support is weaker than the 

thermal stability of the mesoporous Silica supports at 

700 °C. Thus, at the experimental evaluation, the 

problem of evaporation and burning of the Carbon 

support are observed at temperature up to 650 °C.  

The results of the catalytic activity of the Nickel 

catalysts/CMK-3 and Nickel catalysts-La2O3/CMK-3 at 

650 °C are reported in Table 4 . Furthermore, the 

reverse water-gas shift reaction (RWGS) causes an 

increase to CO2 conversion than CH4 conversion for 

both catalysts. The molar ratio of H2/CO in the 

CO2/methane reforming of CH4 must be equal to 1, 

which in this study is less than 1 for both catalysts. This 

molar ratio can be affected by the different reactions of 

RWGS for example; Boudwouard reaction and CH4 

decomposition. Therefore, in this work, the RWGS 

reaction can be induced the lower formation of the 

H2/CO ratio. These results indicated that the addition 

of La2O3 as a promoter has a positive effect on 

promoting the catalyst performance than the 

unprompted Ni catalyst. The higher catalytic activity of 

La2O3 is incorporated into the Nickel/CMK-3 catalyst, 

and related to well-dispersed and excellent metal-

support interaction [35]. 

Table 4. Methane and Carbon dioxide via temperature with:  

GHSV=12000ml/(h.gcat), CO2/CH4=1:1, P=1atm. 

Samples 
%CH4  
Conversion 

%CO2  
Conversion 

10Nickel/CMK-3 15.08 21.02 

3La2O3/10Ni/CMK-3 35.1 40.14 
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Figure 7. TGA analysis of 10Nickel/CMK-3. 

Figure 7 shows TGA graph of the Nickel catalyst. As 

shown in this figure, the weight loss via temperature is 

observed, which it has a low rate from room 

temperature up to 450 °C. However, weight loss is 

observed with a high slope above 450 °C. The 

evaluations show that a cation-free Nickel catalyst on 

the mesoporous Carbon without Lanthanum addition 

will be about 70% from room temperature to 900 °C. It 

is most likely due to the burning of Carbon in the 

vicinity of Oxygen under the TGA reaction conditions. 

3.3. Catalytic stability 

In the evaluation of the Ni catalysts supported on 

the Carbon mesoporous performance, it is observed 

that the Carbon mesoporous as support is not stable at 

temperatures above 650 °C and is evaporated and 

deactivated by rapid oxidation as shown in Figure 7. 

Previously, there has not been published any result 

in the field of Methane dry reforming by the Nickel 

catalysts supported on the Carbon mesoporous. 

Similar results reported that the stability of the La and 

Ce catalysts supported on the Carbon mesoporous is 

about one hour  at 650 °C [25]. In the present work, the 

stability examination is indicated by the Nickel/CMK-3 

catalysts, which is not shown good stability. However, 

after adding Lanthanum oxide to the Nickel/CMK-3 

catalyst, the catalyst stability is increased to two hours 

and then is suddenly deactivated.  

Probably, the formation of an intermetallic phase of 

the Nickel-Lanthanum with a strong interaction with 

the support is formed with a higher thermal stability of 

the barrier. In addition, other factors such as the 

particles sintering of the catalyst, the Carbon 

deposition, and catalyst oxidation at the high 

temperature of the reaction can be caused a rapid 

deactivation of the catalysts supported on the Carbon 

mesoporous materials. 

4. Conclusions 

The Nickel catalysts/CMK-3 and the Nickel 

catalysts-La2O3/CMK-3 were synthesized by an 

impregnation route to use in the CO2 reforming of CH4. 

In comparison to the Nickel/CMK-3 and 

3La2O3/10Ni/CMK-3, according to the XRD spectra and 

Scherer equation, the most dispersion of the Nickel 

oxide and the minimum size of particle were related to 

the 3La2O3/10Ni/CMK-3. Furthermore, the BET data 

was shown the addition of Lanthanum oxide, which 

reduced the surface area of the Nickel/CMK-3 catalyst. 

The TPR data revealed the addition of a promoter (3 % 

wt.) into the Nickel/CMK-3 catalyst, which changed the 

temperature reduction of the NiO to Ni0 and enhanced 

the second temperature peak due to a well-interaction 

of the La2O3 with the support. According to the CO2 

reforming examination, the greatest catalytic activity 

and stability are related to the La2O3-promoted 

Nickel/CMK-3. 
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