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Introduction

Syngas, a mixture of hydrogen and carbon monoxide,
could be produced from natural gas (or methane) and
steam by methane reforming (SMR), partial oxidation
(POX) and authothermal (ATR). Among all, SMR has
been widely employed for large scale hydrogen and
syngas production [1]. The process deals with high-
energy consumption and cost. Both catalytic and
non-catalytic POX have been already investigated in
which an oxidant and a fuel are mixed and reacted in
the reactor. While coke formation occurs in both cases
[2,3], a source of pure oxygen should be prepared
which demands extra cost. As an alternative process,
chemical looping reforming (CLR) could overcome
the issues. Also, the process has the following features:
no need for pure oxygen, Low emission of CO, and
better integrated process. In contrast to chemical
looping combustion (CLC) in which CO, and H20 are
the main gases products, few investigations are found
for CLR in literature for the production of H, and CO.
Moreover, several other studies were done later in
fluidized-bed, circulating bed reactors [4,6].

The current work deals with reduction of perovskite
oxygen carrier, i.e. La , Sr,, FeO, by methane to
produce syngas followed by the reoxidation by
both CO, and Air. Oxidation is performed with CO,
followed by Air. While syngas is produced in the
reduction reactor, CO, is reduced to CO as well as
supplying a part of surface or lattice oxygen of the
oxygen carrier.

Accepted: November/24/2019

Experimental Procedure
Catalyst synthesis

The mixed oxide perovskite La0.7Sr0.3FeO3 was
synthesized via combustion method. Based on the
stoichiometric ratio, the distinct nitrate materials of
La(NO,),, H,0, Fe(NO,),, H,0 and Co(NO,),, H,0O were
mixed with 50 ml deionized water to form a solution.
Then, an amount of glycine was added. The solution was
evaporated at 70 C before putting in the furnace at 250 °C.
The catalyst is kept in the furnace until the combustion
occurs with a full attention. The open areas of the furnace
could move the exhausted gases. The calcination of the
crushed oxygen carrier in the powder shape was then
performed at 900 °C for about 6 h.

Catalytic activity tests

Both reduction and oxidation multicycles of the
LSF731 tested in a fixed-bed tubular reactor. Type and
an amount of the feeds are controlled by MFC-brooks.
The % inch reactor tube was filled with 2 gr catalysts
kept with two sided SiC carbrandum and put into a
tubular

furnace. An electronic controller was employed to
maintain the temperature of the furnace at 800 °C.

Results and Discussion

Figure 1 shows methane conversion for the reduction
cycle. According to this figure, the CH, conversion
was ascending in the first 30 min.
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Fig 1: Methane conversion during the reduction cycle.

Figure 1. Methane conversion during the reduction
cycle.

little reduced. In the first 30 min of the reduction, ap-
proximately 90% of methane is converted. Figure 2
presents conversion of CO, to CO in the re-oxidation
by only CO,. It is seen that almost all CO, is converted
during the first 17 min while, other reactions such as

oxygen filling is performed even up to 40 min.
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Fig 2: Products from oxidation with CO,.
Figure 3 shows the product distribution in the re-ox-
idation by Air. Amount of CO reaches about 16% in
the first 5 min which indicates that no coke removal is
resulted after this time.
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Fig 3: Products from oxidation with Air.
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Conclusions

The current research was performed not only to
produce syngas, but also to convert the greenhouse gas
of CO,. A fixed-bed reactor was used to test the catalyst
reduction by methane to produce syngas (with a 90%
conversion in 30 min) followed by two re-oxidation
steps: by CO, and Air. Since not all the formed cokes
were removed from the lattice by CO,, an Air cycle
was required. The oxidation steps have the main role
of oxygen compensation, resulted from the reduction
step. Nevertheless, the solid carbon formed during the
methane conversion is removed in the re-oxidation
reactors. The Air could produce 16% CO in a 5 min
of the Air cycle.
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