CHAPTER 1

INTRODUCTION

The efficient use of natural gas has been focused on the methane utilization.
Methane is used as”-the starting material for the production of synthesis gas (CO + H,)
which acts as a feedstock for the synthesis of ammonia and methanol, and can be
converted to higher hydrocarbons,\akz ]M gldehydes by Fischer-Tropsch [1].
For converting methane to hql.‘. ls, th ) technologies classified as direct
and indirect routes [2]. mnvetlon @volves the oxidative coupling
1, mﬁ%genatmn to methanol and

s‘)(ngas preparation step in the direct route.

reaction to yield ethyle
formaldehyde [4], to r

However, these atte et bee% ccessful “because the desired products
1 normally encountered.
sy%gas, the partial oxidation of

methane is a potential ocess because this reaction is

more mildly exothermic et .ﬁhile ta;l:nmg lower H,/CO ratio than
this process [1]. This lowe ratfd_iighly @le for certain applications of syngas
since it provides the smtable ratmaﬁ:}fdo)ﬁm-processes such as Fisher-Tropsch

or methanol synthesi

-6]. However ost associated with the

gen supply.
Dense ceranuaJmembranes particularly the n*énlwd ionic and electronic

partial oxidation is the

conducting (MIEC) pero¥skite membrane, Gffér potential solutions to eliminate the

need for the ox@eu]%lja’gl mnﬂ'm ﬁn ﬂﬂ m ﬁ, reduces the cost of

converting natur% gas to syngas by.30%, and could save the oilyand gas industry
mitondgy Y} SPQTIT B S 94 13 B “bigge B conducing
membrané reactor include achieving high product Selectivities, employing air as the
source of the oxidant while eliminating N, contamination in the product,
circumventing flammability limits due to diffusion-limited operation, reducing a large
part of the cost of gas compression in downstream processing, and avoiding the
formation of environmental pollutant (NOy) during high-temperature reactions [7].
In recent years, the LaGaO; based perovskite has been considered as a

membrane to separate oxygen from air. Since it exhibits high O permeation at high



temperatures, and the structure of this composition is very tolerant to the
incorporation of foreign cations and a large number of cations can be used to partially
substitute for either La or Ga [8-11].

Ishihara et al. [9-11] reported that comparing with the undoped material, the Sr
substitution increased the electrical and ionic conductivity of the LaGaO; based
perovskite. It was found that the ionic conductivity, o;, increased with an increase in

the amount of Sr additives and attained the maximum limit of the solid solution at

x = 0.1 in La; ,SryGaOs. They also ¢ l* at iron was the most suitable dopant
for LaGaO; due to its stability in a red ere and the increase in the oxide
ion conductivity. A hgh'mne €O ve sion-rate was obtained when using

Lag gS102Gay.yFe,055 WW 2-0.5 a&Men—permeatmg membrane.
Gharbage et al. [12] co ¢, eaSCd the?h"amcal stability and the p-type

conductivity in Lag oSty &8, § where y = 0.05-0.2 by the formation of Fe**

under oxidizing conditio ‘ -ali(ﬁ 4) 13] found that the perovskite oxide
Layg 5S10.5Gap sFep s03.5 maintainéd Sf'Cljbld fritct om 20 to 860°C in a reducing
environment with an oxygen partial "eggiﬁ of })'17 atm. The perovskite
Lag sS10.5Gag ,Feq 5035 W 1 fg*ha ' = ahigher 0xygen permeation rate than the

non-perovskite oxide SrFeCoy, 5Og_&f14] M@ studied containing cobalt on the B
site are normally not stable at low- b)qgfhmpressures Iron based systems, in

contrast, are more st_a&e than cobalt co 1.~ /Accordingly, LaGaOs-
based oxide doped w

1-Sr and Fe could be a material for an oxygen

]

permeation membrane ﬂln particular, for air separatiofn.«l in the methane partial

oxidation process.
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powders mvolveguthe calcination of jmixed metal gldes at high temperatures to
sin GRAR L ISV IO e e
particle size. However, the high calcination temperature promotes crystal growth
and resulting in a hard agglomeration [15]. Therefore, wet chemical syntheses have
been developed to achieve the fine powder form. These methods include the citrate,
spray-pyrolysis, and co-precipitation process [16]. It was reported that the
membrane sample prepared by the co-precipitation method has a large strontium

deficiency due to the filtration and aqueous washing steps involved in this method.



The spray-pyrolysis method requires a special chamber for spraying aqueous
solution of raw materials into it.

For the synthesis of Sr and Fe doped LaGaOs, the conventional method has
been used by many investigators using the calcination of metal oxides at 1,000-
1,100°C for 6-12 hours [10, 13, 17]. The powder was then pressed to form a disc,
which was sintered at 1,500-1,600°C for 4-8 hours. Recently, Ming et al (1999) [13]
reported a new method for the synthesis of Lag5StosGag,Feq 3055, using the self-

propagating high temperature synQn j) They mixed metal oxide with
NaClO,4, which acted as the mhex;nal ex -combustlon and then pressed

mto pellet. To mcrease

immediately transferred w__.. :

controlled cooling rate.

gglelt ; gmbustlon the pellet was
ted furnace. 1,400°C and cooled at a
q\large partic size (up to 30 um) was
ground by mechanical before mﬁ@g the membrane, which
was sintered at 1,380°C '

technique to synthesize thi

ammonia solution. Howev.
dehydration and drying [

synthesis time.

The citrate method has I;eeﬁ, chm,@:ﬂns study for the synthesis of
lanthanum based peroxkkltes The citrate method M ﬁ complexing of metal
ions with citric acid :nfhe spontaneous comb dantages of the citrate

method include less erg(_e}gy const

potential @get fine particles and a
single-phase powder.
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the single-phase L.aGaO; based perovskltes by usmg the modified 01trate Four
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La; xSrxGag 2Fe 80325 ( 0.6, 0.8), Lag4Sro6Ga;.yFe,Os5(y = 0.4, 0.6,
0.8), and Lag¢S104Ga;.,Fe,Os35(y = 0.2, 0.4, 0.5, 0.6, 0.8), were selected in order to
explore the influence of the amount of Sr and Ga for obtaining the single phase. The
effects of the synthesis conditions, such as pH of the nitrate solution and calcination
temperature, on the formation of a homogeneous product and on the particle size
distribution were also studied., (2) to make the membrane discs, and (3) to test the
oxygen permeation of LaGaO; based perovskite membrane.
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