CHAPTER I

INTRODUCTION

During the past decade, ceramic oxides with mixed electronic and oxygen-
ionic conductivity have received considerable attention due to their versatile
as cathodes or anodes for solid oxide fuel

nse ceramic membranes, particularly
&membrane (MIECM), the mixed
oxides can be used for 0Xygen se ' @emtures MIECM also hold

f the important applications of

properties. For example, they can be us

Methane partial oxida : yi qgirtant way for natural gas

rial for several industrial

processes, including th xtureé of CO and H,) production. It is an

important intermediate in ¢ d in conversion of methane to
I v

a range of value added produgts inciu ins, olefins and alcohols [1]. In
EEE

addition, syngas play the 1mper{ﬁ¥, 0. hydrogen production for ammonia

et -‘-’f‘:‘ f, =
synthesis and methap‘g synthesis [2]. Techn_al“?l for converting methane
to higher hydrocarbop5or liquid fue s are ¢ ither direct or indirect routes.

Direct conversion ofDnetha pa.r@l oxidation to methanol,
formaldehyde, or othersy or_oxidative coupling to ethylene. However, the direct

conversion pmﬂ; s e ‘b 31 fobeh puceedéfuf tecduse e desired producs are

more reactive than methane. Theref;pre low product yield is normally encountered
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irect conversion to syngas 1s produced by steam reforming of

methane as presented in Equation 1.1, which is the main component of natural gas [4].
CH4 +HO » CO+3H,  AHgo°c +225 kJ/mol (1.1)

This is a strongly endothermic reaction high temperatures and pressures are

required for methane conversions exceeding 95 %. And a H,/CO mole ratio of 3.0 is



obtained, which is not the desired stiochiometry of some chemical reactions such as
methanol and Fischer-Tropsch synthesis requiring H»/CO mole ratios of 2.0.

Another approach for syngas production originates from the energy demand of
the steam reforming reaction, as this process requires energy input. The partial
oxidation of methane to syngas is a mildly exothermic reaction that is free from the
limitations of the above steam reforming reaction and would be more energetically
efficient, equation 1.2. In fact the partial oxidation of methane, having a Hy/CO mole

ratio of 2.0, would be a viable alternative reaction to the methane steam reforming
reaction for syngas generation [5]. HB&J

y”}most significant cost associated with

A
the partial oxidation is the 0@1)&. A
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Dense ceramic m . perovskite for instance, perovskite
represented by the ge
need for constructing
reduces the cost of conv

and gas industry millions several advantages of using the

oxygen-ion conducting membrane Teactor u-\';:-_;ﬁf C
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employing air as the Soutce of the oxidant while eliminati

achieving high product selectivity,

N, contamination in the

-

product, circumventing' flammability limits due t sion-limited operation, reduce

-
costs of gas compress@ in dowr cssing, a.@ avoiding the formation of

environmental pollutants (NQy) during highstemperature reactions [7].

since 1030 &1 D 3 HHIATFW BI QTN Srste trovgh sever

Lal-xerCol.yFey&'}s perovskite merEbranes, appre‘giable progresi‘l}as been made in
develo;&%ﬂs@hﬁiﬂr@hﬂﬂ %W&T@%mlﬁlg structural and
oxygen pérmeation properties of these materials. The LaGaOj; based perovskite has
been recently considered a membrane to separate oxygen from air. Since it exhibits
high oxygen permeation at high temperature, and the structure of this composition is
very tolerant to the incorporation of foreign cations. Then a large number of cations
can be used to partially substitute for either La or Ga [9].

Oxygen transport through the membrane is known to occur via hopping
oxygen ions to neighboring vacant sites in the crystal lattice. Accordingly, overall

oxygen permeation flux is determined by the ionic diffusion through the bulk and



the oxygen molecular-ionic exchange reaction at the surface of the membrane.
While the factors that determine the diffusion process in MIECM are relatively well
understood, the factors controlling the surface-exchange reaction have been
investigated.

The surface morphology of the membrane can affect the oxygen permeation
flux if the permeation process is limited by the surface-exchange kinetics [10]. Deng
and Abeles [11] showed that the oxygen permeation flux could be significantly

increased if thin and dense membran re coated on either one or both surfaces
ﬁw e porosity, the oxygen permeation
rovsklte oxide to improve the

In this study, the_.de COO ¢Fe04035 (LSCF8264),

Lag ¢Sro.4Gag 3Fep 7035 : Fe(,03.5 (BSCF5582) were

with porous layer. Besides con

flux could also be enhanced

selected to be a mode “be | : attractive properties: pure
perovskite phase, high de h oxygen permeation flux. The
effects of surface mo -a SryFeOs.5, Ba;.«SryCoO3_s,
and Ba;.,SryFeO;.5 with : : 6 be the catalytic perovskite
compounds for the coating yc{é-?he- ox-y Isorption-desorption of the coating
layer was investigated T
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1.1 The objectives }W
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o imprové the surface excharge reactlon of dense membranes to

AUDITGRT

2. 10 Hudy the effects of 8r amounts sﬂstltuted with %5 0.2 - 0.6 in the
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93. To study adsorption-desorption of oxygen by using TGA and O,-TPD

measurement which correspond to oxygen vacancy in the perovskite

structure.
1.2 The scope of the thesis

1. Synthesis of the single-phase perovskites by using the modified

citrate method.



2. Selecting the single-phase perovskite compounds to coat on
membrane perovskites.

3. Study the effect of the synthesis conditions, such as calcination and
sintering temperatures.

4. Study the oxygen adsorption-desorption of coated membrane by
using thermogravimetric analysis (TGA) and oxygen temperature

programmed desorption technique (O,-TPD).
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