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ABSTRACT

The catalytic exidallve coupling reaction of methane over CaTi03 perovskke
prepared by the modified ceramic method is carried out and is found to be
an active and selective catalyst to higher hydrocarbons like the other
perovskites. A C2 yield of 13% is obtained over !hie catalyst at 830°C. There
is no appreciable change in either the methane conversion or C2 yield
during 200 hours of reaction . Promotion with Na4 P2 0 2 Is not found to
improve considerably the performance of the catalyst . An X-ray analysis
shows that three oxides phases (CaTIO3 , CaD, MgO) are present in solid
solution after calcination at B50°0 with the higher amount of CaT10 3 phase.
With consideration of reactor experiments and obtaining the optimum
conditions required to achieve good activity, from a mechanistic point of
view it is believed that oxygen charge deficient 0 - being generated by
transforming oxygen adsorbed on surfaclal defects and dissolved Into bulk
vacancies is responsible for activating methane (the activating Ma). Oxygen
adsorbed generates the oxidizing sites for suppressing the activated
methane . The strict conditions are supposed to be due to difficulty in
generating and regenerating the activating sites in the lattice.
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INTRODUCTION

The heterogeneous oxidative coupling of methane
has been extensively studied . The use of doped

alkaline earth materials in the catalytic oxidation
of methane has been a rather fruitful area of work
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[1,2]. It is believed that the efficacy of these

catalysts results from the presence of oxygen
vacancies in their surface and bulk.

The reason for using defect materials for
methane conversion to C2 is that since such
materials are possibly good ionic conductors, they
will also show considerable catalytic activity toward
C2 formation. In fact perovskite oxides of formula
ABO3 (A and B are the larger and smaller cations
respectively) and other oxides of the general
formula A2BO4 have been shown to be catalytically
active for CO oxidation [3-5] . Other studies on the
oxidation of hydrocarbons [6,7] indicate that,
perovskite oxide catalysts are comparable in their
activity to Pt/alumina catalyst. Oxidative coupling
of methane (0CM) has been also observed over
several oxides catalyst [8,9]. Some of the oxides of
perovskite are considered good electronic
conductors [10] . The mode of electrical conduction
of these oxides has been proposed to be p-type.

In this study, we measured the catalytic
properties of well-defined bulk solid whose
structure, stability and electrical properties are well
known. Perovskite oxide of the general formula
CaTiO 3 , NaCaTiO 3 , LiCaTiO 3 were tested for
0CM and according to the mechanism proposed
[11] on the basis of conductivity of materials the
results will be accounted for.

EXPERIMENTAL

Catalyst Preparation

Oxides with perovskite structure were prepared by
the ceramic (solid- solid) method [12] . Calcium
carbonate and titanium oxide were added to
deionized water to form slurry solution . The
polymeric binder and mineral substance were
added to the slurry solution while stirring at very
high speed . The viscous blend was dried at room
temperature overnight for water evaporation,
heated to 120°C for 8-10 hours and crushed to
yield a coarse powder . The meshed powder was
calcined at 850°C for 8-12 hours to form a

Bntnauer - Emmett - Teller
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Table 1 . The table of chemical analysis and BET

measurements.
CAT. Ti% Ca% Na% Li% Mg% Si% BET
NO.

1 4.48 23 11 .5 7 .4 <2
2 10.3 23 8.2 5 .3 5 .6
3 12 .5 23 7 .1 4 .5 <2
4 14 .8 23 5 .8 3 .7 5.1
5 16 .9 23 4 .6 2.9 <2

6 19 23 3 .4 2.2 11 .3
7 12.5 23 0.1 7 .1 7.4 12.8
8 12.5 23 0.2 6.9 4.5 6.18
9 12.5 23 0.95 6.4 2.9 16.7
10 12.5 23 1.47 6.1 2.2 14.3
11 12.5 23 0.05 7.1 7.4 11 .5
12 12.5 23 0.49 6.9 4.5 8.2

13 12.5 23 1 .58 6.7 3.7 15 .3
14 12.5 23 2.37 6.4 2.9 16 .2

perovskite phase of the nominal composition of

CaTiO3.

Characterization

A PW/1480 Philips X-ray diffractometer was used
to identify the phases which were present in the
prepared oxides . A copper Ka radiation passed
through a nickle filter was used as the source
beam . The surface areas of the prepared samples

weremeasured by the single point BET method.
Table 1 lists the prepared oxides and the surface
area of each ones.

Catalytic Experiments

Catalysts were tested in a fixed bed quartz reactor
(9 mm ID) for methane coupling reaction at a
constant temperature range of 800-850°C under
steady state conditions . The apparatus has been
described else where [13] . The feed gas
composition was (60% inert, ratio of CH 4/02
equals to 4). The total influent feed rate was kept
constant at 100 mL/min. A catalyst volume of 3
mL was used for the reaction in each case . The
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conversion of methane and C2 selectivity were
calculated as the fraction of methane reacted
according to standard definitions.

CIS ~~ = CH4 moles reacted
Initial CH4 moles

Cz se1 =	 2 C2 moles	
CH4 moles reacted

RESULTS AND DISCUSSION

The solid - solid method employed for preparing
the catalyst offers the advantage of simplicity . It
suffices to calcine physical mixture of oxide
components or other precursors . Very high
temperatures are required for a complete reaction
between the single phases to take place, thus
leading to a drastic loss of surface area by sintering.
Consequently surface area of perovskite that have

-1- calla
-9- ca+

- C02
-4- co

Fig.l . SRD spectrum of CaTiO3 catalyst

- czea
- c2+

Fig .2. The effect or Ti content in catalyst on, a)C 2
selectivity, it)C2Yield (CH 4:02:He 32:8460), Temp .7SO,

Fir. 100 crlntin

been prepared by this method, is very low, smaller
than 1 m2/g. The catalyst prepared, as described
have the well defined structure of perovskite
CaTiO3 as expected from XRD experiments
(Figure 1).

The modified ceramic preparation method
designed for synthesising DCM perovskite catalyst
uses a kind of polymeric binder to adhere oxides
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particles mixture and its effect is supposed to hold
two oxides closely together in order to initiate
reaction between two single phases . It is believed
that, addition of mineral material,enhances the
formation of more defects and ion vacancies in
perovskite structure.

In spite of the argument that ceramic
method is not attractive for preparing perovskite
catalyst, it is demonstrated that the so-called
modified method of solid-solid preparation could
be as acceptable as the other known methods [12],
because of the satisfactory activity of catalyst
toward C2 formation.

The effect of transition metal percent in the
catalyst on C2 and COx selectivity and C2 yield is
shown in Figure 2.

At 12 .5% Ti, the highest C 2 selectivity and
yield are reached. Figures 3 and 4 show that an
increase in Na and Li loading in optimum catalyst
structure does not improve considerably the
activity of catalyst toward C 2 formation.
Considering that, the methane conversion, C2 yield
and selectivity versus temperature (Figure 5) are
found to have the same trend as all of the catalysts,
the temperature range of 750-850°C is required
generally to observe a high C2 yield.

A few research groups have demonstrated by

s
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Fig .3 . The effect of Na loading in catalyst on yield

(C114:02 He 32:&60), Temp. 750, Fir. 100 cc/min
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Fig .4. The effect of Li loading In catalyst on yield,

(CHs. :He 32:8:60), Temp. 750, Flr. 100 cc/min

the ESR technique that, charge deficient oxygen
0- forming in the lattice of 0CM catalyst is
responsible for activating methane [14] . This
oxygen species in perovskite , after adsorption of
oxygen is detected as a signal attributed to 02'

changes rapidly into a diamagnetic species . Ionic
conductivity changes as a function of oxygen
pressure are associated with a fast adsorption
process followed by transformation of adsorbed
oxygen into lattice oxygen and then 0-. The defect
perovskites that have been more intensively
studied in the heterogeneous catalysis, were those
having in position A an alkaline, earth alkaline or
lanthanide elements, and in position B, first row
transition metals.

The better characterized perovskite
exhibiting oxidative non-stoichiometry has been the
lanthanum manganite LaMnO 3,12. The non -
stoichiometry in this perovskite involves cation
vacancies mainly on the A sites and to a lesser
extent on the B sites.The same conclusion may be
drawn to explain the good activity of CaTiO 3
prepared toward C 2 formation, because there are
synergetic effects between oxide phases (CaTiO 3,
CaO, MgO) constituted from blend at relatively
low calcination temperature (850°C), which were

109



Rahmatollah D. Uolpasha, et al.

->~ C2H4

-e-- C2+

Fig .S .The effect of temperature on, a)selectivity,
b)coovarsian and yield (CH4:DKHe 32:&6O)

detected by XRD.
The synergetic effects of two oxides in

perovskite structure are promising in forming sites
for activating methane, while substituting smaller
cations under the influence of larger cations causes
distortion of crystalline structure of single oxide.
As a result ion defects oxygen vacancies and
complexing between two different cations generate

oxygen deficiency, thus leading to an increase in
the non-stoichiometry property.

Considering non-stoichiometry in perovskite
lattice due to disorder of ions arrangements,
particularly Ca cation defect, and zener double
exchange (two ions in oxidation states differing by
one bonded by any oxygen ion can exchange an
electron through the 02P orbital exchange Me" -
0 - Me (°*l)+ known as zener double
exchange)[ 15] . Appearance and disappearance of
oxygen deficiency into the bulk of the lattice are
probable at special conditions imposed on
structure of perovskite.

Taking the above subjects into account and
due to the slowing down process of transforming
oxygen adsorbed on the surface defects to active
sites and their transient state and the difficulty in
incorporating oxygen after eliminating water from
the lattice .by interacting two OH groups to
regenerate sites reduced at methane atmosphere,
the general high temperature range of 750-850 °C,
reported by all researchers for the active 0CM
catalysts can be understood . Therefore it is not
unreasonable for our catalyst to show good activity
at $30 °C for the optimum condition.

Saturation in generating activating sites can
be understood from CH410 2 ratio effects on C2
selectivity and methane conversion (Figure 6) in
which, increasing CIO higher than 3, remain
constant . According to the model proposed [11]
generation and regeneration of activating sites (site
A) is supposed to depend on oxygen and methane
partial pressures respectively, but its concentration
does not increase with increase of CIO, due to
saturation of oxygen dissolution by adsorbing
oxygen on surfacial vacancies and grain boundary
between crystals of oxides and limited capacity of
the lattice to generate sites.

From the mechanistic point of view, it is
reasonable to take two different participating sites
to activate methane and to oxidize the activated
methane .The above result can be understood from
calcination temperature effect on methane
conversion at various reaction temperature [161.

The flow rate experiments (Figure 7) show
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that, methane conversion does not change
appreciably by increasing gas flow, due to surfacial
and intrafacial catalytic events for methane
activation, but C 2 yield decreases, because the
coupling reaction oc curs in the gas phase and there
is a possibility of suppressing methyl at high flow
rates. Perovskite structure remains stable for long
time under any controlled conditions, as the
lifetime experiments graphs (Figure 8) indicate the
stability of perovskite as 0CM catalyst for a
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Fig .7 . The effect of flow rate on, a)selectivity,
b)conncrsion and yield, (CH4:O2 :He 32 :8:i;O), Temp.
750

duration of 200 hours.

CONCLUSION

The interesting aspects of perovskite catalyst
investigated indicate that, the more defects and
vacancies which are formed into the lattice, a
higher activity of catalysts may be obtained ,

-dr yield C2M4
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Fig-6 . The effect of CH 4/O2 ratio on, a)setectivity,

b)converston and yield, Temp, 750, Fir. ISO chain
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Fig .8 . The lifetime experiments data of the optimum

catalyst Temp. 750, Fir, 100 cc/min

because the transformation of adsorbed oxygen

into charge deficient oxygen increases . The

important problems are considered as generating
the activating sites by the above process and
reducing the oxidizing sites due to oxygen

adsorption. The study of the advanced materials as
oxidative coupling of methane catalysts will be
pursued in order to achieve the most active catalyst
in future.
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