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This research aims to study the comprehensive identification of the synthesis, characterisation and performance tests of 
La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF) and La0.7Sr0.3MnO3-δ (LSM) granule-form catalysts with a CeO2 and NiO addition for the POM 
reaction. The LSCF and LSM powder were firstly prepared using the solid-state reaction method. The granules were firstly 
prepared in a form of pellet, then crushed and sieved into a size of ± 1 mm. The performance study begins with a pre-treated 
process, by flowing 5 % O2 gas (30 mL∙min-1) in the fixed-bed reactor at 600 °C. The product was analysed using Agilent HP 
6890 gas chromatography equipped with an Agilent HP 19095P-Q04 column and a FID detector. The results showed that 
the LSCF achieved 50.03 % methane conversion which is lower than the LSM performance of 56.41 %. The CeO2 addition 
in both the LSCF and LSM revealed an increasing performance by increasing the reaction time. NiO addition resulted in  
a slower increase in the reaction time, which can be caused by the rate of carbon deposition formation. Based on the obtained 
results, the bifunctional catalyst has the potential to be developed into another module with a larger effective surface area, 
such as a multiple-thin layer membrane or hollow fibre membrane.

INTRODUCTION

	 Natural gas is an important energy source containing 
methane as the main component. Methane is difficult to 
convert into a liquid phase and it also contributes to global 
warming, whose impact is 21 times greater than carbon 
dioxide (CO2) [1, 2]. Methane conversion into value-
added chemicals, such as synthesis gas (syngas, CO and 
H2), is one of many options to reduce methane emissions, 
which can be further converted into hydrocarbons as 
raw materials for the petrochemical, pharmaceutical, 
and polymer industries through the Fischer-Tropsch 
reaction [3]. However, the conversion process is quite 
complicated, especially in the minimisation of unwanted 
oxidation reactions. Syngas is an intermediate product 
[4] and methane has very strong and localised C-H bond 
with a bond energy of 413 kJ∙mol-1 [5], both of which 
can be further oxidised to CO2 and H2O. Therefore, the 
development of methane conversion into value added 
materials is an important concern in catalyst research. 
The methane conversion can be carried out in several 

ways, such as dry reforming (Equation 1), steam 
reforming (Equation 2), and the partial oxidation of 
methane (POM) (Equation 3).

CH4 + CO2 → 2CO +2H2 	     ∆H = +247 kJ∙mol-1	 (1)
CH4 + H2O → CO + 3H2	      ∆H = +206 kJ∙mol-1	 (2)
CH4 + O2 → CO + 2H2 	      ∆H = -36 kJ∙mol-1	 (3)
	
	 Based on the above equations, the POM reaction 
shows several advantages, including energy savings, due 
to the exothermic process and the product ratio of H2:CO 
is 2:1, which is suitable for methanol synthesis [6]. The 
POM reaction generally occurs at a high temperature of 
around 1127 °C under room pressure without employing 
a catalyst. Moreover, catalyst applications reached 
lower reaction temperatures as reported elsewhere [7]. 
The POM reaction requires a certain amount of oxygen 
in order to form syngas to hinder the excess amount of 
oxygen to produce a certain amount of CO and H2 instead 
of CO2 and H2O. An oxygen vacancy lattice-based 
material, namely perovskite oxide, actively contributed 
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the controlled oxygen production which separated from 
the air [8]. 
	 Perovskite oxide is well-known as a mixed ionic and 
electronic conductor (MIEC) material which occurs from 
oxygen vacancies in the lattice structure [9, 10]. It has also 
been proven to be a catalyst for syngas production, solid 
oxide fuel cells (SOFCs) and other methane conversion 
reactions [11].  The release of oxygen ions causes oxygen 
vacancies in the crystal lattice and can be replenished by 
other oxygen ions through the re-oxidation process [12]. 
Perovskite has a crystal cubic structure with a general 
formula of ABO3, in which site A is usually occupied by 
an alkaline or alkaline group elements, such as La, Na, 
Ca, Sr, or Ba, while site B is filled by transition metal 
groups. The ionic and electronic conductivity can be 
increased by the modification of the metal substitution 
of cations at sites A and/or B with the general formula 
A1-xA'

xB1-yB'
yO3-δ [13].

	 Perovskite oxide based on La1-xSrxCo1-yFeyO3-δ 
(LSCF) has been proven to successfully deliver oxygen 
ions through the lattice structure instead of the pores and 
has the ability to separate oxygen ions from the air [14]. In 
addition, La-Mn-based perovskite showed good thermal 
stability so that it can be potentially applied in the POM 
reaction which generally occurs at high temperatures 
of around 500 - 900°C. The substitution of site A in 
La-Mn-based perovskites with Sr2+ ions increased the 
catalytic activity of the methane oxidation reaction [15, 
16]. Based on this, LSCF and LSM have potential to be 
suppliers of the controlled oxygen separated from the air 
and as a catalyst for converting methane. However, it 
revealed low oxygen permeation and easily reacts with 
carbon dioxide (CO2) [17, 18].
	 Other than that, metal oxides have shown to have 
good ionic conductivity, specifically cerium oxide 
(CeO2) [19] and nickel oxide (NiO) [20]. CeO2 has been 
reported to have good electronic conductivity which 
can reduce the carbon deposition and contributed as 
an oxygen storage material, which has a large oxygen 
storage capacity due to its ability to release and obtain 
oxygen through a redox process involving the Ce4+/
Ce3+ pairs [21]. The oxygen storage property of cerium 
oxide plays an important role in increasing the catalytic 
activity under both oxidation and reduction conditions. 
In addition, Ni-based catalysts have reportedly been used 
in methane oxidation reactions. NiO has a high oxygen 
transfer capacity and is usually used as a support for heat-
resistant oxides to increase the thermal stability [22]. 
Therefore, this research aimed to study the comprehensive 
identification of the synthesis and characterisation of 
granule-based catalysts, i.e., La0.6Sr0.4Co0.2Fe0.8O3-δ 
(LSCF) and La0.7Sr0.3MnO3-δ (LSM) with the addition of 
CeO2 and NiO. All the catalyst materials were prepared 
separately in a granule form, thus there is no direct 
particle interconnection between the perovskite and the 
metal oxides. The LSCF and LSM perovskite oxides 
were employed as the oxygen separators from the air, 

while CeO2 and NiO were used as the catalytic booster 
to convert the methane into value-added chemicals

EXPERIMENTAL

Materials 

	 All the materials were received in powder form 
with no further purification. The LSCF and LSM 
perovskite oxides were self-prepared powders using 
the raw materials: lanthanum oxide (La2O3) (Merck, 
99.5 %), strontium carbonate (SrCO3) (Merck, 99.0 %), 
manganese carbonate (MnCO3) (Aldrich, 99.5 %), cobalt 
oxide (Co3O4) (Merck, 99 0.0 %), and iron oxide (Fe2O3) 
(Merck, 99.0 %), as well as the commercially available 
metal oxide catalyst: nickel oxide (NiO) (Merck, 99 %) 
and cerium oxide (CeO2) (Merck, 99 %). Methanol p.a. 
(Merck) was used as the dispersant for the perovskite 
preparation and 5 % O2/N2 gas and 10 % CH4/N2 gas was 
used for performance test.

Methodology

Perovskite Oxides (LSCF and LSM) 
Preparation and Characterisation

	 Perovskite oxide powders, namely LSCF and LSM, 
were synthesised by the solid state method referred to 
in the literature  [10, 23]. In the first stage, the basic 
powders of both the metal oxides and carbonates were 
heated in an oven for 1 hour at 105 °C to remove the 
moisture. Next, the solid-state process begins by grinding 
the precursor with an appropriate mass according to 
the mole ratio and adding a dispersant (methanol) to 
increase the chance of collisions between the particles. 
The grinding was carried out using 15 zirconia balls and 
then ground using a planetary ball mill for 2 hours with a 
stirring speed of 600 rpm. After the milling process, the 
methanol is evaporated to obtain a powder mixture of the 
reactants. The reactant mixture was then calcined with 
the calcination profile step in Figure 1. The first cycle of 
the calcination (Figure 1a) was repeated two times, then 
it was ground again and the second cycle (Figure 1b) was 
the final stage of calcination which was carried out in 
one step.
	 The crystal phase characterisation of the 
perovskite oxide powder was carried out using an X-ray 
diffractometer. The perovskite oxide sample was placed 
in a diffraction cell (sample holder) then irradiated with 
X-rays from a Cu-Kα source (λ = 1.54056 Å), with  
a current of 40 mA and an applied voltage of 40 kV.  
The diffraction data were taken at an angle of 2θ bet-
ween 20° to 80° every 0.02 seconds. Furthermore, the 
diffraction pattern of the formed perovskite oxide was 
matched with the standard data from a PDF card (Powder 
Diffraction File) issued by the JCPDS (Joint Committee 
on Powder Diffraction Standards) in 2012.
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Fabrication of the Granule-based Bifunctional Catalyst

	 The obtained LSCF and LSM powder, as well as the 
commercial NiO and CeO2 powders were each separately 
moulded into pellets (discs). As much as 0.93 g of 
perovskite oxide powder was put into a pellet mould with 
a diameter of 13 mm and then pressed with a pressure of 
5-8 tonnes using a hydraulic press with holding time of 
15 minutes to ensure a strong compactness. The resulting 
green body (pellet) was then burned through a gradual 
sintering process, which occurred at a temperature of 
400 °C for 1 hour then continued until 890 °C for 2 hours 
(holding time). After the sintering process, the pellets are 
then crushed to form granules measuring ± 1 mm [24]. 
The mixture mass ratio to test the performance of the 
perovskite oxide and metal oxide was 9:1.

Performance Test of the Granule-based Catalyst for 
the Partial Oxidation of the Methane (POM) Reaction

	 The catalytic activity test was carried out in a fixed-
bed reactor which was arranged as shown in Figure 2. 

As much as 0.3 grams of the granule catalyst was put 
into a quartz tube flanked by quartz wool. The quartz 
tube was then inserted into the furnace. 5 % O2 gas was 
flowed into the reactor with a flow rate of 30 mL∙min-1 

simultaneously with the start of heating the furnace from 
room temperature (28 °C) to a temperature of 600 °C 
to ensure a successful oxidation initiation (Stage I). At 
600 °C, the oxygen gas flow was stopped, then 10 % CH4 
gas was flowed at a flow rate of 30 mL∙min-1.
	 In the first hour, the product is discarded, then the 
gas from the reaction is accommodated in a gasbag after 
a reaction time of 1, 2, 3 and 5 hours (Figure 3). The 
resulting gas from the reaction is then accommodated 
into a separate gasbag. Furthermore, the product from 
the reaction was analysed using gas chromatography 
(Agilent HP 6890 series Gas Chromatography equipped 
with an HP 19095P-QO4 column, helium as carrier gas 
and a FID as the detector). The data obtained were then 
tabulated into a methane conversion value based on 
Equation 1 [20]:

where,
NA0 is initial methane concentration (mol)
NA is the concentration of the detected methane in the 
product (mol).

a) 1st cycle b) 2nd cycle

Figure 1. The calcination profile of the perovskite oxide preparation. 

Figure 2. Illustration of the fixed-bed reactor in the POM 
reaction using a granule-based catalyst.

(Methane conversion in %) X(%) =                  = × 100 %
NA0  – NA

NA0

Figure 3. Temperature reaction profile of the POM reaction.
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RESULTS AND DISCUSSION

Chemical Characteristics of La0.6Sr0.4Co0.2Fe0.8O3-δ 
(LSCF) and La0.7Sr0.3MnO3-δ (LSM) of 

the Pre- and Post- POM reaction

	 The synthesised LSCF and LSM perovskite oxide 
powders, both the pre- and post-POM reactions, were 
characterised using X-ray diffraction (XRD) at 2θ of 
20° to 80°. This characterisation aims to identify the 
crystallinity shown in Figure 4a and 4b for the XRD 
pattern of LSCF and LSM, respectively. Identification 
of the crystallinity and the crystal structure is provided 
from the structure reference data La0.7Sr0.3Co0.3Fe0.7O3-δ 
from the PDF number 01-089-1268 and LaMnO3 from 
the PDF number 00-0355-1353.
	 The XRD results show that the perovskite oxide 
peaks matched, both the pre- and post-POM reactions 
with standard diffraction peaks. The correspondence 
of these peaks was shown with high intensity at the 2θ 
angles around 32º, 47º, and 59º as previously reported 
[10]. This indicates that the synthesised perovskite oxide 
has formed a perovskite phase in both the LSCF and LSM. 
Likewise with the perovskite oxide after being used for 
the partial oxidation reaction of methane, it still shows 
a perovskite phase which means there is no significant 
change in the structure of the perovskite oxide. Figure 4 

also shows that both oxide powders have high purity 
with no other diffraction peaks found, such as impurities, 
other than the perovskite oxide peaks. However, LSM, 
after the reaction, showed a difference in the peak height 
which indicated a decrease in the crystallinity, but did not 
significantly change the crystal structure as evidenced by 
no significant peak shift as previously reported [16].

Macroscopy of Granule-based Catalyst

	 The synthesised catalyst used in this catalytic 
activity test is in the form of granules measuring ± 1 mm 
as shown in Figure 5 [24]. This is because the particle size 
of the catalyst affected the collision and catalytic activity. 
A too small a particle inhibited the reaction which caused 
an uncontrolled contact time due to the gas diffusion 
resistance so that the actual catalyst activity cannot be 
observed. If the size of the catalyst particle is too large, 
it can cause channelling which is known as causing no 
contact between the reactants and the catalyst, thereby 
reducing the catalytic activity. Generally, granule-based 
catalysts used in the fixed-bed reactors are around 1 to 
20 mm in size [25].

Catalytic Activity of LSCF Boosted by CeO2 and NiO

	 The data tabulation of the methane conversion was 
based on the peak area of the chromatogram and the 
calibration curve equation. The amount of methane that 
is un-oxidised/converted appears as a chromatogram 
peak which is represented by its area. Meanwhile, the 
amount of methane converted is calculated based on the 
difference between the initial mole and the final mole of 
methane as represented in Figure 6 of the LSCF- NiO 
and CeO2 addition -based catalyst.

Figure 4. XRD pattern of the catalyst of the pre- and post-POM 
reaction.

Pellet

form

Granule

form

(a) (b) (c) (d)

Figure 5. The apparent result of the pellet and granule-based 
catalyst. (a) NiO, (b) CeO2, (c) LSM and (d) LSCF.

Figure 6. Methane conversion using an LSCF, LSCF-CeO2 
and LSCF-NiO-based catalyst in granule form at the reaction 
temperature of 600 °C.
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	 The use of the LSCF-based granule catalyst showed 
a stable methane conversion around 49.26 to 50.03  % 
to five hours of the reaction time. As mentioned in the 
literature, LSCF has exhibited good oxygen-conducting 
abilities to convert methane [25]. The mechanism of 
the activated LSCF can be described by Equation 4 
and 5 as mentioned elsewhere, where the treatment 
at a temperature range of 300 – 1000 °C with oxygen 
flow, initiated the oxygen vacancy and formed a non-
stoichiometric perovskite oxide, according to Equation 2 
[26]. The non-stoichiometric degree of the oxygen is 
related to the oxygen vacancy, Vӧ, and the oxygen 
lattice, Oo, according to Equation 3.

		  LSCFO3 (s) → LSCFO3-δ (s) + δ/2 O2 	 (4)
		  1/2 O2 + Vӧ + 2é → Oo 		  (5)
	
	 The methane reduction in the LSCF-based catalyst 
means that the methane is oxidised by the oxygen lattice 
as described in Equation 6. The product, P, is then ana-
lysed using gas chromatography instruments.

			   CH4(g) + Oo → P(g) 		  (6)

	 Furthermore, the catalytic activity of LSCF-CeO2 
and LSCF-NiO were tested under the same reaction 
conditions as employed before. In this study, the results 
of the methane conversion as a function of time using 
the LSCF-CeO2 and LSCF-NiO catalysts are shown in 
Figure 6. The figure shows a significant difference in 
the methane conversion value when employing different 
catalysts. 
	 The result showed that the addition of CeO2 to 
LSCF affected the catalytic activity. In the first hour 
after the reaction, the methane conversion was higher 
than that of the LSCF catalyst usage. This indicated 
that there was a larger conversion reaction supported in 
the range of the reaction time. Meanwhile, the methane 
conversion decreased in the second and third hours and it 
was possible to decrease the contact between the catalyst 
and the CH4, so that the lattice oxygen interaction on the 

catalyst and CH4 became less than optimal. Furthermore, 
there was an increase in the methane conversion at the 
fifth hour from 49.46 % to 53.50 % which indicated an 
increase in the activity of the catalyst.
	 CeO2 was investigated as a suitable support for 
the partial oxidation of methane due to its high thermal 
stability, ability to store oxygen and reduce the carbon 
formation [27]. Apparently, there was no significant 
colour change in the LSCF-CeO2 both pre- and post-POM 
reaction being used for the POM reaction. CeO2 showed 
small change in colour and can still be used for POM 
reactions as presented in Figure 7. This is also supported 
by the increase in the methane conversion in the fifth 
hour of the reaction time, which automatically indicates 
that CeO2 also shows a positive effect in supporting a re-
duction in the carbon formation [28].
	 The prediction mechanism showed that the CH4 
oxidation by cerium oxide is facilitated by the presence 
of the lattice-active oxygen on the CeO2 surface as des-
cribed in the literature [29]. This reaction involves the 
reduction of Ce4 + (CeO2) to Ce3+ (Ce2O3) according to 
Equation 7.

	 2CeO2 (s) + CH4 (g) → Ce2O3 (s) + CO (g) + 2H2 (g) 	 (7)

The reduction of the Ce3+ site is related to the activation 
of the CH4 to carbon as an intermediate reaction. One 
of the carbon reactions with lattice oxygen (carbon 
oxidation) can produce CO, according to the following 
Equations:

	 2CeO2 + CH4 → C + 4H + Ce2O3 + Oo 	 (8)
	 Ce2O3 + C + Oo + 4H → CO + 2H2 + Ce2O3 	 (9)

	 The addition of NiO to the perovskite oxide of 
LSCF 6428 affects the value of the methane conversion. 
In the first hour, the conversion of methane for the LSCF-
NiO catalyst was 49.08 % and almost equivalent to the 
LSCF one, it is possible that the NiO has not yet reached 
a steady point so that there is not much interaction with 
the methane gas. In the second hour, the conversion of 

Figure 7. Image of CeO2 addition-based catalyst from pre- to post-POM reaction.
Pre-POM reaction Post-POM reaction
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methane increased to 52.71 % and it is very possible 
that this was due to the increase in the availability of 
oxygen in the catalyst lattice, which means that with the 
more available lattice oxygen, the higher the interaction 
with the methane. However, over time, the catalyst 
experienced a decrease in the methane conversion 
to 49.51 % and 48.19 % in the third and fifth hours, 
respectively. The cause of the decrease in the methane 
conversion can be caused by several factors, such as the 
formation of carbon in the catalyst, the reduction of NiO 
by CH4 to Ni, and the deactivation of the Ni catalyst. The 
reaction involving the interaction between CH4 and NiO 
[30] corresponds to the following Equations:

2NiO (s) + 1/2 CH4 (g) → 2Ni (s) + 1/2 CO2 (g) + H2O (g)(10)
      Ni (s) + CH4 (g) → CHx (ads) + (4 – x) H (ads)        (11)

		         CHx (ads) → C(ads) + xH(ads)	 (12)
	      H(ads) + H(ads) → H2 (g) + 2Ni (s)	 (13)

C(ads) + NiO (s) → Ni (s) + CO (ads) → CO (g) +Ni (s)    (14)
CO(ads) + NiO (s) → Ni (s) + CO2 (ads) → CO2 (g) + Ni (s) (15)
	   2H(ads) + NiO (s) → H2O (g) + Ni (s)	 (16)
	
	 The performance of NiO-based catalysts decreases 
over time due to the large amount of carbon deposition 
on the catalyst [22]. In this study, there was a physical 
change in the colour of the NiO. Before being used for 
the reaction, the NiO was green and the colour after 
being used for the reaction is presented in Figure 8.

Catalytic Activity of LSM boosted by CeO2 and NiO

	 The results of the methane conversion in the POM 
reaction when employing LSM, LSM-CeO2 and LSM-
NiO as the catalyst are shown in Figure 9. The LSM 
employed catalyst produced methane conversion at 1, 2, 
3 and 5 hours of reaction time of 52.11, 51.11, 51.94 and 
56.41 %, respectively. From the results of the methane 
conversion, it can be seen that after 1 hour of reaction 
time, 52.11 % of the methane was converted, but after 
2 hours of reaction, there was a 1 % decrease in the 

methane conversion to 51.11 %. After 3 hours of reaction 
time, the methane conversion increased from 0.93 % to 
51.94 %. After 5 hours of reaction time, the converted 
methane was 56.41 %, where there was an increase of 
4.47 %.
	 The increase in the methane conversion could be 
due to the reactions still going on and the lattice oxygen 
that was still present in the perovskite structure of the 
LSM as indicated by the XRD analysis of the LSM of 
the post-POM reaction for 5 hours as shown in Figure 9. 
After 5 hours of reaction time, LSM is still present in the 
perovskite phase, so there is still lattice oxygen available 
that can react with the methane. However, after being 
used for 5 hours in the reaction, the crystallinity of the 
LSM decreased markedly with a reduced intensity as 
seen from the diffractogram.
	 The catalytic activity of LSM can be determined 
based on the methane conversion value in the POM 
reaction at a temperature of 600 °C. Prior to the reaction, 
the LSM was oxidised with 5 % oxygen at a flow rate of 
30 mL∙min-1 during the heating of the catalyst, starting 
from room temperature (28 °C) until a temperature of 
600 °C was reached. The purpose of flowing oxygen 
is so that the oxygen vacancy in the LSM is filled with 
oxygen as shown in Equation 17.

La0.7Sr0.3MnO3-δ (s) + δ/2 O2 (g) → La0.7Sr0.3MnO3 (s) (17)

	 The methane reaction with oxygen derived from the 
oxygen lattice of perovskite, the prediction mechanism 
for the partial oxidation of methane as shown in Equa-
tion 18 and 19 which refers to the method in Nalbadian 
et al [31].

La0.7Sr0.3MnO3 (s) + δ1/4 CH4 (g) → δ1/4 CO2 (g) +  
+ δ1/2 H2O (g) + La0.7Sr0.3MnO(3-δ1) (s)	 (18)

La0.7Sr0.3MnO3 (s) + δ2 CH4 (g) → δ2 CO (g) +  
+ 2δ2 H2 (g) + La0.7Sr0.3MnO(3-δ2) (s)       (19)

Post-POM reactionPre-POM reaction
Figure 8. Image of the NiO addition-based catalyst from the pre- to post-POM reaction.
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	 At a reaction temperature of 600 - 900 °C, the 
lattice oxygen in the perovskite is less reactive, but more 
selective towards the formation of CO and H2 [8], so that 
the formation of other products, such as CO2 and H2O, 
can be minimised. The POM reaction occurs between 
methane and lattice oxygen by the LSM. Methane is 
adsorbed on the perovskite surface and interacts with the 
lattice oxygen to react and form products (CO and H2). 
When the product desorption occurs and is separated 
from the perovskite structure, the amount of oxygen 
will decrease and the Mn metal in the perovskite will 
be reduced from Mn4+ to Mn2+ so that the perovskite 
structure remains stable, so that the perovskite is in a re-
duced state [32].
	 The results of the methane conversion by using 
LSM-CeO2 as the catalyst at 1, 2, 3 and 5 hours were 
50.36, 50.46, 53.44 and 53.74 %, respectively, as shown 
in Figure 9. It can be seen that in the reaction time of 
3 hours achieved up to 53.44 %, slightly higher than 
the methane conversion with the LSM catalyst which is 
51.94 % due to the influence of the CeO2. However, at the 
POM reaction time of 5 hours, the methane conversion 
with the LSM-CeO2 catalyst was lower than the methane 
conversion value with the LSM catalyst. The low 
methane conversion value can be caused by the CeO2 
being less active as a catalyst at a reaction temperature 
of 600 °C which, due to the interaction between methane 
and CeO2 catalyst, is very low. CeO2 compounds can 
play an active role as a catalyst for POM reactions at re-
action temperatures > 650 °C [33]. 
	 The results of the methane conversion when using 
LSM-NiO as the catalyst at the reaction times of 1, 
2, 3 to 5 hours are 61.37, 61.15, 60.97 and 58.12  %, 
respectively. as shown in Figure 9. The methane 
conversion value in the POM reaction with the LSM-
NiO catalyst has a greater value than the methane 
conversion value in the use of the LSM catalyst alone 
for the entire observed reaction time. This shows that the 
addition of the NiO catalyst to LSM 73 has an effect on 
increasing the methane conversion in the POM reaction 

with a temperature of 600 °C at the reaction times of 1, 
2, 3 and 5 hours. The methane conversion in the POM 
reaction with the LSM-NiO catalyst is greater because, 
apart from the interaction between LSM and CH4, there 
is also a good collaboration reaction between NiO and 
CH4. At 5 hours, the methane conversion value in the 
reaction with the LSM-NiO catalyst was 58.12 % and 
close to the methane conversion value with the LSM 
catalyst, which was 56.41 %. So, it is possible that the 
decrease in the methane conversion occurs due to the 
reduced performance of the NiO catalyst in the POM 
reaction the longer the reaction takes place and higher 
formation carbon deposition occurs.

CONCLUSION

	 Based on the research that has been undertaken, it 
can be concluded that the addition of CeO2 and NiO affects 
the catalytic activity of LSCF and LSM. The results of 
the partial oxidation of methane at 600 °C showed that 
the LSCF perovskite oxide was able to convert 49.26 to 
50.03 % of the methane. The addition of CeO2 to the 
LSCF achieved an increase in the methane conversion 
up to 53.50 %, while the addition of NiO to the LSCF 
reduced the performance. The catalytic activity of the 
LSM resulted in a greater methane conversion than the 
LSCF, namely 51.11 - 56.41 % for 5 hours of reaction 
time. The addition of CeO2 into the LSM increased the 
methane conversion value at the third hour of the reaction 
time, while at the first, second and fifth hours it tends 
to be constant. The addition of NiO to the LSM had an 
effect on increasing the methane conversion value, which 
ranged from 58.12 - 61.37 %. However, the methane 
conversion tends decrease, which can be a product of the 
rapid formation of the carbon deposition. Therefore, the 
addition of metal oxides in perovskite oxide reactions 
have the potential to be developed, such as in the form of 
membranes, to increase the active surface area and avoid 
the accumulation of residual carbon.
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Figure 9. Methane Conversion using LSM, LSM-CeO2 
and LSM-NiO-based Catalyst in Granule Form at Reaction 
Temperature of 600 °C.
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