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Abstract 

The aim of this study is the determination of effects of catalysts components on the methane total 

oxidation activities of zeolite supported catalysts. For this reason, SAPO34 and Zeolite 13X were 

used as zeolite support. PdO, CeO2, ZrO2 catalysts components were used as active component 

and as promoter component. Catalysts were prepared by using the impregnation method. 

Characteristic properties were determined by using X-Ray Diffraction, N2 adsorption/desorption 

and Scanning Electron Microscopy analysis. According the characteristic results, to obtain high 

surface area SAPO34 should be chosen as support. According to the total methane oxidation 

catalytic activity studies SAPO34 supported catalysts were more active than Zeolite 13X 

supported catalysts. Through catalytic activity studies, the type of promoter and support 

component most compatible with PdO was determined. It was found that PdO-ZrO2/SAPO34 

catalyst is determined as the most active catalyst. Based on the results, it can be said that the 

internal interaction between PdO and ZrO2 is better than the internal interaction between PdO - 

CeO2, and that the PdO -CeO2-ZrO2 pair is more compatible for methane oxidation in the support 

structure. 
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1. INTRODUCTION 

 

Methane is the main component of natural gas and contains less carbon than other carbon-intensive fossil 

fuels. Therefore, it emits less CO2 during energy production than other carbon-containing compounds 1. 

Methane gas is a much more effective greenhouse gas than carbon dioxide gas. For the last 20 years, the 

impact of methane on global warming has been stated to be 81 times greater than carbon dioxide (GWP20 

= 81.1). The most effective method to eliminate this harmful effect of methane gas is the complete catalytic 

oxidation of methane (CH4 + 2O2 → CO2 + 2H2O, ΔHrxn = −891 kJ/mol). As a result of the total catalytic 

oxidation of methane gas, CO2, which is a less effective greenhouse gas, is formed. [2, 3] Palladium is 

known to be the most effective metal for the total oxidation of methane 3. But it is an expensive noble 

metal. For this reason, it is present in very low amounts in the catalyst structure. Literature studies have 

shown that promoter components are used in order to increase the activity of low amounts of palladium. 

Therefore, in our study, depending on the catalyst composition designed in the structure of the catalyst in 

addition to palladium, CeO2 components were used to ensure oxygen mobility during the oxidation reaction 

and ZrO2 components were used to increase the catalyst thermal resistance. The methods chosen in catalyst 

synthesis are very important. The parameters during catalyst preparation (pH, temperature, mixing and 

surfactant, etc.) are very important for the characteristic properties of the catalyst and, accordingly, its 

catalytic activities. 
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Literature studies were examined. Literature studies were examined. There are limited studies with similar 

content in the literature. The total oxidation of methane gas is a reaction that does not harm the environment 

and produces only water and much less harmful carbon dioxide. Different catalysts which contain metals, 

metaloxides, perovskites have been used for the catalytic oxidation of methane. Among these, palladium-

containing catalysts are best for methane oxidation [4, 5]. In the catalysts used for this aim, noble metals 

were used with different oxide supports which have high surface area, porosity and thermal resistance [4]. 

In studies in which Pd-containing catalysts were used PdO was found more active than Pd for methane 

oxidation. Pd was formed at high temperatures cause the loss of activity [4, 5 - 8]. Cerium is the most used 

as promoter. CeO2 lead to increase in dispersion of the noble metal, enhance the noble metal oxidation, 

increasing the reducibility of the noble metal during the reaction, increase the thermal stability of the 

support, release oxygen from the surface and bulk phase or supplying oxygen to the voids on the surface 

and bulk phase [7, 9]. In general, it has been determined that the components added to the structure besides 

Al2O3 are TiO2, CeO2, ZrO2 [4, 5, 9-12]. There are a limited number of studies in the literature where zeolite 

support and promoter components are used together. Literature studies showed that acidic zeolite type 

should be preferred as support in the total oxidation of methane. Accordingly, Zeolite 13X and SAPO-34 

zeolite types were selected as support for this study. According to literature research, SAPO-34 (cabazite) 

zeolite type has been determined to be used in the selective catalytic reduction reaction of NOx in the 

presence of ammonia, in the conversion reaction of biomethanol to light olefins, in the conversion reaction 

of methanol to ethylene, and in the cracking reaction of naphtha. The reasons for using SAPO-34 type 

zeolite in the studies are also stated [13, 14]. According to the literature studies, no scientific study has been 

found examining the effects of SAPO34 and Zeolite 13X zeolite support types and the compatibility of 

booster components with PdO on the catalytic activity for the total oxidation of methane. In this regard, the 

data in this study will contribute to the literature on the total oxidation of methane. 

 

In this study a series of catalyst developed to oxidize and remove dilute amounts of methane using zeolite 

support. In literature studies conducted in this direction, two different types of zeolite (Zeolite 13X and 

cabazite-SAPO-34) were used as support, palladium metal was used as the active metal, and the CeO2-ZrO2 

binary component was used to strengthen the catalyst structure against thermal conditions and increase 

oxygen mobility. Catalysts were prepared by surfactant-assisted impregnation method. Characterization 

studies and catalytic activity studies were carried out. 

 

2. MATERIAL METHOD 

 

2.1. Catalysts Preparation 

In this study, catalysts containing PdO, PdO-CeO2, PdO-ZrO2 and PdO-CeO2-ZrO2 components in the 

structure supported by SAPO34 and Zeolit13X zeolite types were synthesized. The catalysts compositions 

are given in Table 1. 

 

Table 1. Catalysts and their compositions 

Catalysts Weight Percentage 

PdO/Zeolite Support 5% Pd-95% Zeolite Support 

PdO-CeO2/ Zeolite Support 5% Pd-25% CeO2-70% Zeolite Support 

PdO-ZrO2/ Zeolite Support 5% Pd-25% ZrO2-70% Zeolite Support 

PdO-CeO2-ZrO2/ Zeolite Support 5% Pd-12.5% CeO2-2.5% ZrO2-% 70 Zeolite Support 

 

SAPO34 zeolite support was synthesized in our study. The following chemicals were used during the 

preparation: tetraethylammonium hydroxide, powdered silica, aluminum isopropoxide, 1 M NaOH 

solution. The steps followed during the synthesis were described by Kılınç and Derekaya is given in detail 
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in his study 15. Zeolite13X (Sigma) was purchased and pretreated with NH4OH to increase its acidic 

properties. Kılınc et al. 's study, the NH4OH solution treatment steps used for ZSM5 zeolite support were 

also followed for Zeolit13X 15. 

 

The steps followed in the preparation of the catalyst are shown schematically in Figure 1. Pd(NO3)2 (Sigma 

& Aldrich, 99%), Ce(NO3)2.6H2O (Sigma & Aldrich, 99%), Zr(NO3)2.xH2O (Sigma & Aldrich, 99%), 

starting salts were used to obtain the active component and promoter component crystal phases in the 

catalyst structure. According to the catalyst structure, aqueous solution was first prepared using these metal 

salts and deionized water. According to the n(CTAB)/n(metal (Pd+Ce+Zr)) molar ratio, the mole amount 

of CTAB was calculated and added to the aqueous solution. For example, if this ratio is 1, it will be 

understood that the molar ratio of CTAB compared to Pd+Ce+Zr is 0.1. After the mixture was stirred at 

room temperature for 3 hours, the evaporation of the solvent water was carried out in a controlled manner. 

The solution was first dried at 40°C overnight and then at 100°C overnight. The resulting material was 

calcined at 500°C for 3 hours. 

 

 
Figure 1. The steps of the catalysts preparation with impregnation method 

 

2.2. Catalysts Characterization 

 

Various characterization techniques were used for structural features of catalysts and adsorbents. All 

analyzes were carried out at the accredited Middle East Technical University Central Research Laboratory 

using the service procurement item in the project budget. Surface area, pore sizes and volumes were 

determined by using N2 Adsorption/Desorption Analysis. Average crystal sizes and phases were determined 

by X-Ray Diffraction analysis. Surface morphology was examined with Scanning Electron Microscopy 

(SEM). 

 

2.3. Methane total oxidation catalytic activity studies  

 

Detailed information about the experimental system and reaction conditions in which methane oxidation 

was carried out is given in Derekaya and Bulagay 16 Reaction takes place at atmospheric pressure and 

reaction temperatures changes between 100C –600C. The quartz tubular reactor was used. Reaction feed 

gas composition was prepared by using 10/90 CH4/He, 100% O2, 100% He gas / gas mixture. Analysis of 

the gas mixture used as feed and the gas mixture released at the end of the reaction made by using Gas 

Chromograph of which detailed information given by Derekaya and Bulagay 16. Catalytic activity system 

can be seen from (Figure 2). Methane conversion was calculated using the Equation (1) given below: 

 

% CH4 conversion= ((CH4)0-(CH4)f)/(CH4)0                                                                                                      (1) 

 

Here:  

[CH4]0= Methane molar amount present in feed gas stream 

[CH4]f= Methane molar amount present in effluent gas stream. 
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Figure 2. The schematic diagram of the methane oxidation catalytic activity system 

 

3. RESULTS AND DISCUSSION 

 

3.1. X-Ray Diffraction Analysis  

 

XRD analysis was used to assigned the crystalline phases present in the structure. Figures 3-4 show the 

XRD patterns of the catalysts. Figure 3 shows the XRD patterns of the Zeolite 13X supported catalysts. 

The diffraction peaks determined at angles of 2θ= 7.186, 10.160, 12.463, 16.099, 20.404, 21.679, 

24.083, 26.131, 27.155, 30.061, 30.826, 32.543, 33.386, 34.172, 35.932, 36.485, 38.02, 41.81, 

44.155, 47.542, 52.79, 54.276, 69.26 originate from the Zeolite 13X support component (JCPDS card 

No- 44-0003). The result obtained is in agreement with the studies in the literature [17-21]. Figure 3 shows 

the XRD patterns of the Zeolite 13X supported catalysts. According to the XRD analysis results of the 

Pd/Zeolite13X catalyst, the PdO crystal phase gave diffraction peaks at angles of 2θ = 33.529, 40.053, 

41.85, 54.69, 60.17, 60.71, 71.29. According to the XRD analysis results of the PdO-CeO2/Zeolite13X 

catalyst, the CeO2 crystal phase gave diffraction peaks at angles of 2θ = 29.98 and 47.35. PdO crystal 

phase gave diffraction peaks at angles of 2θ= 32.58, 33.88, 35.84, 40.13, 41.90, 52.66, 54.71, 71.42. 

In the XRD analysis of the PdO-ZrO2/Zeolite13X catalyst, the diffraction peaks of the ZrO2 crystal phase 

are at angles 2θ= 30.3, 60.12, 60.709 and the diffraction peaks of the PdO crystal phase are obtained at 

2θ= 33.834, 60.12, 60.709 and 71.93°angles. According to the X-Ray diffraction pattern analysis of the 

PdO-CeO2-ZrO2/Zeolite13X catalyst, the CeO2 crystal phase in this catalyst is at angles 2θ = 29.977, 

47.93; ZrO2 crystal phase at angles 2θ= 42.02, 52.62, 60.19, 60.80; PdO crystal phase was observed 

at angles of 2θ= 33.858, 40.24, 54.689, 60.19, 60.80, 71.41. Pd crystal phase gave a diffraction peak 

at an angle of 2θ = 46.53. 

 

Figure 4 shows the XRD patterns of the Zeolite SAPO34 supported catalysts. The diffraction peaks 

determined at angles 2θ = 9.53, 18.123, 20.31, 20.52, 21.42, 21.403, 22.89, 35.30, 37.544, 39.785, 

40.63, 44.891, 47.822, 51.28, 53.15, 64.632 originate from the SAPO34 Zeolite support. As a result 

of the literature studies, it was observed that it was fully compatible with the characteristic SAPO-34 peaks 

[22]. From XRD analysis of PdO/SAPO34 catalyst, the PdO crystal phase gave diffraction peaks at angles 

of 2θ = 33.50, 33.85, 40.09, 41.914, 54.67, 60.16, 60.78 and 71.38. Pd crystal phase gave diffraction 

peaks at 2θ= 46.65 and 68.09. In the X-Ray diffraction pattern analysis of PdO-CeO2/SAPO34 catalyst, 

CeO2 crystal phase gives a diffraction peak at 2θ= 28.72 angle, while PdO crystal phase gives 2θ= 33.50, 

33.84, 54.70, 60.20, 71.18, 71.49. gave diffraction peaks at different angles. In the X-Ray diffraction 

pattern analysis of PdO-ZrO2/SAPO34 catalyst, ZrO2 crystal phase gives diffraction peaks at angles of 2θ= 

41.87, 46.71, 60.20, 60.85, while PdO crystal phase gives diffraction peaks at angles of 2θ= 33.53, 

33.84, 46.71, 60.20, 60.85, 71.27. According to the XRD analysis result of Pd-CeO2-ZrO2/SAPO34 

catalyst, CeO2 crystal phase is at angles 2θ= 29.13, 46.08, 48.10; ZrO2 crystal phase gave diffraction 
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peaks at angles of 2θ= 31.20, 41.93, 60.16, 60.82 and PdO crystal phase gave diffraction peaks at angles 

of 2θ= 33.84, 54.68, 60.16, 60.82 and 71.33. The results obtained show that the desired crystal phase 

structure has been achieved in the catalysts. Diffraction peak angles of PdO, Pd, CeO2 and ZrO2 crystal 

phases are in agreement with studies in the literature. 

 

 
Figure 2. The XRD patterns of the Zeolite13X supported catalysts  

(Pd:    , PdO:    , CeO2:    , ZrO2:    ) 

 

 
Figure 3. The XRD patterns of the SAPO34 supported catalysts 

(Pd:    , PdO:    , CeO2:    , ZrO2:    ) 

 

3.2. N2 Adsorption/Desorption Analysis  

 

Since the multipoint test is more reliable it was used in this study to determine the surface areas of the 

catalysts. Table 2 shows the multipoint surface area values of the catalysts. Higher surface areas were 

obtained from SAPO34 zeolite-supported catalysts, and the surface areas increased with the introduction 

of metal oxide into the structure. The best elevation was obtained in catalysts with PdO-ZrO2 composition 

supported by both ZrO2-containing zeolite types. It is understood from the results given in Table 2 that the 
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CeO2-ZrO2 catalyst component are more positive for the surface area result than the catalysts that only have 

PdO and PdO-CeO2 in the structure. In this case, it turns out that PdO-ZrO2 catalyst component pair and 

SAPO34 zeolite support type are the best catalyst components for surface area.  

 

Table 2.  Surface areas and pore diameters of all catalysts 

Catalysts 
                               

Zeolite 

Support 

Surface Area, m2/g 

SAPO34 Zeolite13X 

PdO/Zeolite 40.10 14.85 
PdO-CeO2/Zeolite 105.6 11.64 
PdO-ZrO2/Zeolite 191.6 81.00 
PdO-CeO2-ZrO2/Zeolite 142.6 67.67 

 

Figure 5 shows the N2 adsorption/desorption isotherms of the cayalysts. According to the IUPAC 

classification, N2 adsorption desorption isotherms of the catalysts comply with TYPE V. Type IV and V 

isotherms are obtained from materials with mesoporous structure according to this classification. H3 

hysteresis type was observed in SAPO34 supported catalysts and H4 hysteresis type was observed in 

Zeolite13X supported catalysts. Materials that give rise to H3 hysteresis have slit-shaped pores. Type H4 

hysteresis is also often associated with narrow slit pores 23.  

 

Table 3 shows the Total Pore Volume and Meso+Micro Pore Volumes of the catalysts. The Meso+Micro 

pore volumes are greater than the macro pore volume. The increase in meso+micro pore volume was 

obtained when the ZrO2 was introduced to catalysts structure. Results showed that the percentage of the 

meso+micro pore volume is greater of which catalysts composition is PdO-ZrO2/Zeolite in both Zeolite13X 

and SAPO34 zeolite supported catalysts. Like surface area results, for high meso+micro pore volume results 

the SAPO34 zeolite support and PdO-ZrO2 catalyst component should choosen.  

 

Table 3. Pore Volumes of all catalysts 

Catalysts VMicro+Meso VTotal VMicro+Meso VTotal 

V cm3/g,liquid N2 , STP 

SAPO34 Zeolite13X 
PdO/Zeolite 0.10 0.15 0.026 0.03 

PdO-CeO2/Zeolite 0.29 0.43 0.029 0.05 
PdO-ZrO2/Zeolite 0.41 0.46 0.075 0.08 

PdO-CeO2-

ZrO2/Zeolite 
0.49 0.65 0.101 0.12 
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Figure 5. N2 adsorption/desorption isotherms of the catalysts 

 

Table 4 and Figures 6-7 shows the average pore diameters and pore size distribution of the catalysts. 

Catalysts have a mesoporous structure. Big pores which are close to macropore boundary were also 

obtained from SAPO34 zeolite supported catalysts. The closest results to uniform porosity were obtained 

from Zeolite13X supported PdO-ZrO2 and PdO-CeO2-ZrO2 catalysts. Average pore diameter results with 

more than one value were due to the zeolites used as supports. Surface areas vary depending on the type of 

support. In this study, SAPO34 zeolite support allowed obtaining higher surface area from catalysts. 

Although the surface area of the PdO-CeO2-ZrO2/SAPO34 catalyst is lower than the PdO-ZrO2/SAPO34 

catalyst, both the total pore volume and meso+micro pore volume are higher. This result can be attributed 

to the larger area under the curve in the microporosity region of the PdO-ZrO2/SAPO34 catalyst, as seen in 

Figure 7. Micropores caused the surface area to increase. This had a positive effect on the activity of the 

catalyst. The structure of SAPO34 is similar to the chabazite zeolite type and has the advantages of 

providing high surface area and high porosity 24, 25. It is also reported in the literature that the high 

surface area decreases with the addition of metal to the SAPO34 structure. Because the small pores are 

filled with metal components 26. In a study in the literature, it was stated that the surface area of 4 wt% 

Pd/CeO2 catalyst was 32.4 m2/g 27. In this case, in this study, it was determined that preparing both Zeolite 
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13X and SAPO34 zeolite support types including PdO and CeO2 had a positive effect on the surface area 

result. 

 

Table 4.  Average pore diameters of all catalysts 

Catalysts 
                               

Zeolite 

Support 

Average Pore Diameter, nm 

SAPO34 Zeolite13X 

PdO/Zeolite 2.1, 2.7, 3.3, 4.2-6.3, 9.1, 40 2.4, 3.7, 6.3-16.0 
PdO-CeO2/Zeolite 2.4, 3.9, 4.9, 9.4, 17.6 1.9, 2.4, 3.7, 6.4, 16.1 
PdO-ZrO2/Zeolite 3.8, 5.6, 9.7, 17.6 2.1, 3.4, 5.5 
PdO-CeO2-ZrO2/Zeolite 4.3, 6.5, 17.9, 31.9 3.0, 3.8, 5.6, 17.4 

 

 
Figure 6. The pore diameter distribution of the Zeolite13X supported catalysts 

 

 
Figure 7. The pore diameter distribution of the SAPO34 supported catalysts



 

 

3.3. Scanning Electron Microscopy (SEM) 

 

Figures 8-9 show the SEM images of the PdO/Zeolite13X and PdO-ZrO2/Zeolite13X catalysts. As stated 

in the study of Guedes et al., it has been determined that the surface structure of the catalysts has irregular 

shapes and sizes, mostly rock structure 28. Surface images of both catalysts show that PdO and PdO-ZrO2 

catalyst components are very well distributed in the Zeolite13X support structure. Very small spherical 

particles were formed on the support surface. It can be seen that there are no voids on the surface, and the 

active component and support component are distributed homogeneously on the support surface. 

 

 
Figure 8. The SEM image of PdO/Zeolite13X catalyst  

 

 
Figure 9. The SEM image of PdO-ZrO2/Zeolite13X catalyst  

 

 



 

 

3.4. Catalytic Activity 

 

Table 5 shows the methane conversion data depending on the reaction temperature obtained from the 

methane oxidation activity experiments of SAPO 34 supported catalysts. The lowest activity among SAPO 

34 catalysts was obtained from the PdO/SAPO34 catalyst (Figure 10). It gave the highest conversion at 

600C and this result was below 10%. Adding CeO2 next to PdO affected the activity positively. PdO-

CeO2/SAPO34 catalyst gave 39% methane conversion at the highest temperature of 600C. It showed very 

low methane conversion between 1% and 5% between temperatures of 100-500C. Adding ZrO2 next to 

PdO created a more positive result in activity than adding CeO2. PdO-ZrO2/SAPO34 catalyst gave methane 

conversion between 1% and 25% between 200-500C temperatures. Methane conversion increased after 

500C and exhibited 70% methane conversion at 600C. Based on the results, it can be said that the internal 

interaction between PdO and ZrO2 is better than the internal interaction between PdO and CeO2, and that 

the PdO and ZrO2 pair is more compatible for methane oxidation in the support structure. In the presence 

of the PdO component and CeO2 and ZrO2, methane conversion was not observed between temperatures of 

100-500C. But transformation was achieved at 500C and above. The methane conversions obtained from 

the PdO-ZrO2/SAPO34 catalyst and the results obtained from the PdO-CeO2-ZrO2/SAPO34 catalyst are 

very close. In this case, the additional presence of CeO2 in the PdO-ZrO2/SAPO34 structure did not affect 

the methane conversion results much. Considering the catalyst cost, it is concluded that PdO-ZrO2/SAPO34 

catalyst is the most active catalyst among the SAPO34 supported and prepared catalysts by impregnation 

method. 

 

Table 6 shows the methane conversion data depending on the reaction temperature obtained from the 

methane oxidation activity experiments of Zeolite13X supported catalysts. Catalytic activity graphs 

showing methane conversion as a function of temperature are shown in Figure 11. Generally low methane 

conversion was obtained from Zeolite13X supported catalysts. Among the Zeolite13X supported catalysts, 

the highest PdO-CeO2/Zeolite13X catalyst was obtained. While this catalyst did not show activity up to 

400C, it showed methane conversion activity starting from this temperature. Approximately 75% methane 

conversion was achieved from this catalyst at 600C. The second best activity among Zeolite13X supported 

catalysts was obtained from the PdO/Zeolite13X catalyst. This catalyst showed no activity up to 500C, but 

its activity increased after this temperature and gave 65% methane conversion at the highest temperature 

of 600C. 50% methane conversion was achieved from PdO/Zeolite13X and PdO-CeO2/Zeolite13X 

catalysts at approximately 519C. In this case, according to the conversion results obtained at 600C 

reaction temperature, the presence of the CeO2 component next to PdO had an increasing effect on the 

activity of Zeolite13X supported catalysts. 

 

There are no studies in the literature that directly include the catalyst components used in this study and on 

the total oxidation of methane. The catalytic activity results were evaluated by comparing the results of 

studies with similar content on the catalyst structures in our study. Miller et.al. studied the total oxidation 

of methane over a series of Pd catalysts supported on: Al2O3, ZrO2–CeO2 and CeO2. They observed the 

catalytic activity order over the catalysts as Pd/Al> Pd/ZrCe> Pd/Ce. They concluded that activity is related 

to the relative density of PdO–Pd* active site pairs on the catalyst surface 29. Roth et.al studied the effect 

of particle size of Pd on total oxidation of methane over Pd/Al2O3 catalysts. They found that for particles 

of size lower than 12 nm, the catalytic activity was constant while for larger particles, it decreased with 

increasing particle size 8. Osman et al. synthesized palladium and platinum bimetallic catalyst with -

Al2O3, ZSM-5(23) and ZSM-5(80) supports using the wet impregnation method in the presence and absence 

of TiO2 in the structure. The results obtained showed that for a highly active and stable catalyst, all four 

components (palladium, platinum, acidic support and oxygen carrier) must be present in the structure. It 

has been stated that the optimum support is 17.5% TiO2/ZSM-5(80) and the 10% transformation 

temperature over this support is 200C [30].  



 

 
 

Table 5. Methane conversion data of SAPO 34 supported catalysts 

T C PdO/SAPO34 
PdO-

CeO2/SAPO34 

PdO-

ZrO2/SAPO34 

PdO-CeO2-

ZrO2/SAPO34 

100 - 0.1 - - 

200 - - 0.7 - 

300 - 0.8 2.6 - 

400 - 1.7 5.5 - 

500 0.5 5.6 24.8 28.9 

600 8.9 39 70.1 72.5 

 

Table 6. Methane conversion data of Zeolite13X supported catalysts 

TC PdO/ 

Zeolite13X 

PdO-CeO2/ 

Zeolite13X 

PdO-ZrO2/ 

Zeolite13X 

PdO-CeO2-

ZrO2/ 

Zeolite13X 

100 - - 0.64 - 

200 - - - - 

300 - - - - 

400 8.6 11.7 - - 

500 44.6 48.2 1.8 2.7 

600 64.9 74.9 23.1 18.5 

 

  
Figure 10. The catalytic activity results over the SAPO34 supported catalysts (%1CH4, %21 O2 and 

balance with He; 25 mg catalysts; 25ml/min flow rate) 

 

 

 

 

 



 

 

 
Figure 11. The catalytic activity results over the Zeolite13X supported catalysts (%1CH4, %21 O2 and 

balance with He; 25 mg catalysts; 25ml/min flow rate) 

 

 

4. CONCLUSION 

 

In this study, the total oxidation of methane was examined using catalysts supported by different zeolite 

types and containing different components. SAPO34 and Zeolite 13X were used as zeolite support. 

SAPO34 was synthesized within the scope of the study, but Zeolite 13 X was purchased and pretreated only 

with ammonia solution. While PdO was kept constant as the active component in the catalyst structure, the 

effects of CeO2, ZrO2 and CeO2+ZrO2 promoter components added to the structure on both structural and 

activity properties were examined. Catalysts were synthesized by the impregnation method. X-Ray 

diffraction analaysis of the catalysts which was used to determine the crystal phases presents in catalyst 

structure showed that PdO, CeO2 and ZrO2 crystal phases were obtained according to the catalyst 

composition. Some catalysts also showed diffraction peaks originating from the Pd metallic crystal phase. 

Surface areas, average pore diameters, pore volume results were obtained from N2 Adsorption/Desorption 

analysis. Higher surface areas were obtained from SAPO34 zeolite-supported catalysts, and the surface 

areas increased with the introduction of metal oxide into the structure. Meso+micro pore volumes were 

obtained higher than macro pore volumes. Big pores which are close to macropore boundary were also 

obtained from SAPO34 zeolite supported catalysts. According to the SEM analysis there are no voids on 

the surface, and the active component and support component are distributed homogeneously on the support 

surface for PdO-ZrO2/Zeolite13X catalyst. All catalysts were tested for total oxidation of methane. Among 

the SAPO34 supported catalysts lowest activity was obtained from the PdO/SAPO34 catalyst. The PdO-

ZrO2/SAPO34 catalyst showed highest activity among the SAPO34 supported catalysts. Generally low 

methane conversion was obtained from Zeolite13X supported catalysts. Among the Zeolite13X supported 

catalysts, the highest activity was obtained on PdO-CeO2/Zeolite13X catalyst.  

 

In future studies, the effects of different parameters on the same catalysts, both on the structural properties 

of the catalysts and on their activity properties for the total oxidation of methane, can be examined. The 

same catalysts can be synthesized by a method other than the impregnation method. Catalysts can be 

calcined at a different temperature. The proportions of the components in the gas mixture used in the total 

oxidation of methane can be changed. 
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