Accepted Manuscript

Fabrication of lanthanum-based perovskites membranes on porous alumina hollow
fibre (AHF) substrates for oxygen enrichment

Ainun Sailah Sihar, Nur Hidayati Othman, Nur Hashimah Alias, Munawar Zaman
Shahruddin, Syed Shatir Asghrar Syed-Hassan, Mukhlis A. Rahman, Ahmad Fauzi
Ismail, Zhentao Wu

PII: S0272-8842(19)30797-7
DOI: https://doi.org/10.1016/j.ceramint.2019.03.242
Reference: CERI 21181

To appearin:  Ceramics International

Received Date: 16 October 2018
Revised Date: 8 March 2019
Accepted Date: 30 March 2019

CERAMICS

INTERNATIONAL

Please cite this article as: A.S. Sihar, N.H. Othman, N.H. Alias, M.Z. Shahruddin, S.S. Asghrar Syed-
Hassan, M.A. Rahman, A.F. Ismail, Z. Wu, Fabrication of lanthanum-based perovskites membranes on
porous alumina hollow fibre (AHF) substrates for oxygen enrichment, Ceramics International (2019), doi:

https://doi.org/10.1016/j.ceramint.2019.03.242.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all

legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.ceramint.2019.03.242
https://doi.org/10.1016/j.ceramint.2019.03.242

Fabrication of lanthanum-based perovskites membranes on porous

alumina hollow fibre (AHF) substratesfor oxygen enrichment

‘Ainun Sailah Sihat, Nur Hidayati Othmatt , Nur Hashimah Alia§ Munawar Zaman
Shahruddifh, Syed Shatir Asghrar Syed-Has5aviukhlis A. Rahmaf Ahmad Fauzi

Ismaif,Zhentao Wi

YFaculty of Chemical Engineering, Universiti TekngilMARA, 40450, Shah Alam,
Selangor.
?Advanced Membrane Technology Research Centre (AM)TB@iversiti Teknologi
Malaysia, 81310 Johor Bahru, Johor.

3Aston Institute of Materials Research (AIMR), Astdniversity, Birmingham B4 7ET, UK

*Corresponding author: Email: nurhidayati0955@salatm.edu.my

Tel.: +603 55448027, Fax: +603 55448301

Abstract-

In this work, two types of lanthanum-based MIEC qwskite oxides, namely
Lag 6Sh.4Cop Fe 035 (LSCF) and LaeSr.4CopNipgOss (LSCNi), were deposited onto
porous alumina hollow fibre (AHF) substrates anadugor oxygen enrichment. Such
structure was developed to shorten oxygen ion sliffu distances in dense membranes and
simultaneously leading to higher oxygen flux. Therqvskite oxides were prepared using

Pechini sol-gel method and deposited via a vacussist&ed technique. The deposition of



lanthanum-based membranes onto the outer and siwdes of the porous AHF has been
facilitated through numerous microchannels in théFAsubstrates. The effects of operating
temperature and argon sweep gas flowrate on oxggemeation flux of lanthanum-based
AHF membrane were investigated. The results redethiat the oxygen permeation flux of

LSCF-AHF and LSCNI-AHF increased with operating paratures due to the improvement
of bulk diffusion and surface exchange propertiéierathe lanthanum-based perovskite
deposition. Higher oxygen flux was observed for N6@HF as LSCNi possessed balanced
oxygen ionic and electronic conductivities as coragato LSCF membranes. Benefitting
from improved oxygen activation and vacancy gemangtroperties after Ni substitution into

the B-site ion of LSC perovskite, a dramatic inseshoxygen fluxes up to 4.5 mL/min-tm

was observed at 950 °C. The present work demoedti@atfeasible method for fabricating

oxygen transport membrane (OTM) using porous AHFsBates.

Keywords- Alumina hollow fibre; MIEC perovskites, oxygen permeation; LSCF; oxygen

enrichment

1. Introduction

The market of oxygen production is rapidly expagdmwing to their use in various
industries such as metal production, petroleumnirggi, chemicals production, coal
gasification and large-scale clean energy techmedfd]. There are two main technologies
available for the separation of air, i.e cryogedistillation and molecular sieve adsorbents
via a process known as pressure swing adsorpti@A)PThe selection of suitable

technology is highly dependent on the scale of erygroduction, final purity and most



importantly, the cost. Currently, a low-temperataergogenic distillation is preferred for

applications that require tonnage quantities ofgexy although it possess higher energy cost.

In recent years, development in mixed ionic eletttonducting (MIEC) perovskite
oxides and ceramic ionic transported membrane knasmnoxygen transport membrane
(OTM) have attracted much attention and it is eigedo replace the use of expensive
cryogenic air separation. OTM derived from MIECrqeskite oxide shows enormous
potential as it has infinite selectivity and gooderrpeability towards oxygen
separation/enrichment. The work was first initiatgdTeraoka and co-workers [2—4] where
they discovered MIEC material with perovskite stawe namely La,SrCo;.,F803;5 (LSCF)
that has great potential for separating oxygen fram Since then, MIEC perovskite
compounds have been extensively studied and aninamg, tLSCF is still considered as one
of the most popular MIEC perovskites for variouplagation such as cathodes in solid oxide
fuel cell (SOFC) [5-7], membrane for partial oxidat of methane [8,9] and oxygen
permeable membrane [10-12] owing to its good cotidticboth, ionic and electronic [13].
In addition, LSCF also displays good chemical ditgbeven under hydrogen atmosphere.
However, it has relatively low oxygen permeabilgéy compared to BaStsCop sFey 035
(BSCF)[14]. In general, a number of factors cae@# the oxygen permeation rate through a
membrane such as operating temperature, sweeplayaste and compositions and most
importantly, the membrane properties itself sucimasnbrane materials, form, morphology
and thickness [1,11,12,15-18]. Recently, LSCNi wagstigated as a cathode materials for
SOFC development [19] and oxygen sorbent [20].d$ Wound that better oxygen permeation
can be achieved by substitution of Fe with Ni duétv polarization resistance. This leads to
the increase of oxygen vacancieg that is necessary for ionic conduction through th

perovskite oxide materials.



The oxygen transport in OTM membrane is based omventional molecular
diffusion where oxygen molecules are first disateml or deionized into its ion form in the
crystal lattice [21]. The oxide ions are then tmorsed through the dense MIEC perovskite
membrane wall under gradient of oxygen partial gues from high to low side. But, this
mechanism requires high thermal energy for the emyigns to overcome the energy barrier
to allow them to hop in the lattice and thus, asges back to form oxygen molecules at the
permeate side of the membrane. As a result, the CQalMays operated at elevated

temperature (700-120QC).

Other factors that likely to limit the performancethe OTM are bulk diffusion of
oxygen through membrane and surface exchangeaeattie bulk diffusion can be resolved
by reducing the membrane thickness as the diffusatmis the slowest step due to the thick
membrane wall. However, the decrease of membraioknéss can also affected the
mechanical strength and causing membrane failuiegloperation. Many works have been
carried out in developing asymmetric supported OfiMmbranes where a thin dense
transport layer is usually supported on a thicksgiabe. The used of thick substrate can helps
in improving the mechanical strength of the memérdy modifying the thick substrates to

having porous structure, higher oxygen permeatsoonle expected due.

Kingsbury and Li [22] and Lee et. al [23-25] hawesessfully fabricated porous
alumina hollow fibre substrates consisting of fintjlke pores by varying the bore fluid and
air gap distance used during the spinning procdss.finger-like pores on the lumen side of
the alumina hollow fibre substrate not only offgreat surface area for surface exchange
reaction to occur but can also reduce diffusioristasce during the oxygen permeation
process [26,27]. The synthesis of MIEC perovskixédes in bulk is quite tedious and

therefore, it will be very costly to be used assitdie material. By thinly depositing the



perovskite oxides onto alumina hollow fibre (AHR)bstrates, the fabrication cost of OTM

can be minimized as well as enhancing the oxygeméeation fluxes.

Perovskite oxides can be synthesized using a numwiberethods such as sol-gel,
combustion, co-precipitation and spray-pyrolysisowdver, sol-gel method is more
preferable due to its simplicity and low cost. T8mw-gel method is divided into 2 types i.e.
colloidal-sol and polymeric-sol [28]. Many studigseferred the use of Pechini-type
polymeric precursor for thin film coating as comgxhrto sol-gel alkoxide [29]. This is
because sol—gel alkoxide precursors are quitetsensi moisture and the film tends to crack
during the drying process. As Pechini processaigmlymeric precursor that consists of
randomly macromolecular chains where the metabratiare uniformly distributed on an
atomic level. Therefore, a uniform and homogenecatson distribution can be achieved
during the membrane deposition process. Dip-coaeanique has been widely used for
perovskite oxide deposition on the hollow fibre nigame surface [30-32]. In this technique,
the membrane substrate was immersed into the goswirnto procure a uniform coating layer
on both surface sides of the membrane. Recentlygva coating method where vacuum
condition in introduced into the coating system wagposed [33,34]. The use of vacuum
allows uniform coating inside the membrane microcteds by removing the air inside the
hollow fibre prior to the introduction of coatinglstion. In this way, more perovskite oxide
can be deposited while avoiding non-homogeneousauk issues faced by the dip-coating
method. In this work, we proposed a new methodhenférmation of thin lanthanum-based
perovskite membranes (LSCF and LSCNi) onto poroudF Asubstrates for oxygen

enrichment.

2. Experimental



2.1. Preparation of lanthanum-based perovskite sol-gel

The perovskite oxides were prepared using sol-gghad where metal nitrates were used as
precursors. For the preparation ofpk8r 4Cay Fe 035 (LSCF), stoichiometric amount of
metal nitrates such as La(N@6H,0, Sr(NQ),, Co(NG)..6H,O and Fe(NG)3.9H,O were
first dissolved in distilled water. Anhydrous aitriacid (GHsO;) and ethylene glycol
(C2Hg0O,) were then added to the metal nitrates solutich wimolar ratio of ethylene glycol
to citric acid to metal nitrates of 9:3:1. As theetating effect is favored by the pH, adequate
volumes of 10 % Nklwere added into the solution in order to incrahsepH value to 7. The
solution was stirred and heated at 80 °C for 5 hl anbrownish sol was formed. The
calcination of sol was carried out at 850 °C foin 40 form pure perovskite structure using
heating rate of 2 °C/min. Similar method was usedrepare LasSr 4C0p 2Nig.g035 (LSCNI)

sol-gel using their metal nitrates. The flow of geskite sol-gel synthesis is shown in Fig. 1.
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Fig. 1. Process flow diagram of preparation of MIEC pekites



2.2. Fabrication of alumina hollow fibres

Alumina hollow fibre substrates were prepared usphgse inversion/sintering technique
with suspension composition of 55 wt% alumina paw@el.0 um aluminium oxide, Alfa
Aesar, UK), 0.38 wt% arlacel (Unigema, USA), 39426 dimethyl sulfoxide (DMSO;
VWR) and 5.5 wt% polyethersulfone (PESf Radal A3Afheco Performance). Hexane and
tap water were used as internal and external caatgjlrespectively. The suspension mixture
was extruded using a tube-in-orifice spinneret with orifice diameter/inner diameter of
3.0/2.8 mm into the coagulation bath. The extrusaia and internal coagulant flowrate were
both controlled at 15 mL/min with zero air gap. Tat@p sintering process was carried out
where the furnace temperature was first increased foom temperature to 600 °C at a rate
of 2 °C/min and held for 2 h followed by an incrathé 1450 °C at a rate of 5 °C/min and

held for another 4 h before being cooled to roompierature.

2.3. Deposition of lanthanum-based perovskites on alumina hollow fibre substrates using

vacuum-assisted technique

The prepared LSCF perovskite sol-gel was then degb®nto AHF by using vacuum-
assisted technique to enhance the deposition olvpkite oxides into the pores [35,36]. The
AHF was first vacuumed to remove the air insideltbkow fibre and the tube containing the
bare fibres was then filled with perovskite sol-gelution. The coating process was carried
out under vacuum condition for one hour. The sefmodified AHF were dried in air for 24
h prior to the calcination process. The calcinati@s carried out at 850 °C for 4 h to remove
organic binder and to form pure perovskite struegufollowed by 1050 °C for another 2 h.

A heating and cooling rate of 5 °C/min was usedimduthis study. Similar steps were



adopted for LSCNi perovskite sol-gel and the amaidmierovskite oxide deposited onto the

fibre surface was then calculated using the equatebow;

- W
x 100 @)

1

Percentage of weight gain, % =

where, W, is the initial weight of bare alumina fibre(g) al# is the weight of surface-

modified alumina fibres after calcination procegp (

2.4. Gas tightness and oxygen permeation study

Gas tightness and oxygen permeability of the LSEHAnd LSCNi-AHF membranes were
evaluated using gas permeation setup shown in2Eihe gas tightness test were conducted
using nitrogen and low gas permeance (>1 X1®ol.m?s*.Pa’) indicates that the
membrane is gas-tight and can be used as OTM. d@s$tegas was pressurised into the
membrane sample by creating a sealed system. €ssyse change with time was monitored
and recorded. The gas permeance, P (mfoshPa’) was then calculated based on the

change of pressure with time using the equatioovizel

|74 P P
p:_ln(_"__a) (2)
RTA: "\P, P,
_ L (Do - Di)
D
np, 3)

whereV is the volume of the test compartmenf)nR is the gas constant (8.314 J.thél™);
t is the measurement time (s) ahds the measured temperatukg.(Po andP; are the initial

and final measured pressures in the test cyliréla); P, is the atmospheric pressure (P&)s



the effective membrane area deposited with pertaskd,, D; andL are the outer diameter,
inner diameter and the effective length for oxygenmeation of the deposited hollow fibre

membrane, respectively.

For oxygen permeation study, the AHF was attacbeal dense mullite tube (od/id =
9/6 mm) and both ends of the fibre was sealed usiglg temperature sealant. The seal was
verified as a gas-tight if nitrogen was not detéadering the study. Permeation testing was
conducted by passing argon as a sweep gas thrbaditollow fibre lumen side to collect the
permeated oxygen. The flowrates of argon were obtattr by mass flow controller, which
were calibrated using bubble flowmeter. Oxygen mation experiment was carried out by
varying the sweep gas flowrates from 50 to 150 nmih/amd operating temperature between
700 to 950 °C. The total flowrate of the permeass measured using bubble flowmeter and

the oxygen permeation flux is calculated using équg4);

21 4 4
Jou = (0, = 757m) 5 ?

wherex,, andxy, are the oxygen and nitrogen concentration in ttheest.
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Fig. 2. Schematic diagram of experiment setup; (a) gédrtegss and (b) oxygen permeation

2.5. Characterizations

The crystallite structure of perovskite oxides waslysed using X-ray diffractometer (XRD;
D/Max 2200/PC, Rigaku, Japan) using Cu-Kadiation source with scanning ranging from
10° to 80° at a rate of 5°/min. The voltage andenirused for the scanning were 40 kV and
40 mA, respectively. The morphological study of tkarface-modified hollow fibre
membranes were observed using scanning electrorosnapic (SEM; S-3400N, Hitachi,
Japan) withenergy dispersive spectroscopy (EDS) analysis @tF&10, Bruker, USA). The
pore size distribution and porosity percentagehef hare and surface-modified membranes

were analyzed using mercury porosimetry (IV 951@;rbmeritics Autopore, USA).



3. Resultsand Discussion

3.1. Perovskite characterizations

Fig. 3 depicts the XRD patterns of LSCF and LSCealiopskite oxide. All the samples were
prepared using sol-gel method and calcined at &®of 4 hours. Both calcined powders
show good formation of single-phase perovskitecsime. Strong characteristic peaks of
Lag 6S1h.4Co Feyg0s5 were found at @10 = 32.58°, Dypo = 40.0°, Bpoq = 46.8°, D1y =
58.22°, B,05=68.38° and @,;5=77.6° [30]. Meanwhile, the characteristic peaks fo
Lag 6S10.4C 2Nig g035, were observed abzio= 32.94°, Byop= 40.64°, Bopsa = 47.34°, o4
=58.7°, By0g = 69.2° and @,13= 78.84°. The peaks observed in LSCNi oxide weumndbto
be consistent with the work reported by Hjalmarsetral [19]. This finding confirms that
the Ni dopant ion has been successfully incorpdrat® the lattice host. The substitution of
Ni into the B-site ion of perovskite also has cautee characteristic peaks to slightly shift to
the right indicating a decreased in volume unit. cBhis was because ionic radius of the
doping ions, Ni*, is smaller than its substituting element (Colattice La ¢St.4CoO; oxide,

which leads to the decreased of lattice paranjéler
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Fig. 3. X-ray diffraction patterns for the perovskite MIERide catalysts calcined at 850 °C

for4 h

3.2 Morphology of the lanthanum-based surface-modified hollow fibre membranes

The morphology of bare AHF substrates sintered4&01°C is shown in Fig. 4. Sintering
temperature has been known to significantly aftbet properties of ceramic membranes
particularly morphology, porosity and mechanicagstith [36]. Higher sintering temperature
could improve the membrane strength but at the sameethe pores of membrane decreases,
which could affect the deposition efficiency. Frég. 4(a), the outer and inner diameter of
the AHF was measured to be 2.16 and 1.67 mm gi@ingembrane thickness of 0.49 mm.
The substrate was oin asymmetric structure contaifisger-like structure that was formed
from the inner surface and sponge-like structuneatd the outer surface. Small open pores at

the inner surface of the hollow fibre substrate whserved and such structure was formed



due to the use of a mixture of n-hexane solvemtdter. Besides, the use of air gap has led to
the suppression of finger-like structure near te tluter surface and the viscous fingering
may not occurs due to solidification of the outerface of hollow fibre before the immersion
into the external coagulation bath [37]. It is be&d that the existence of the finger-like
structure and open pores at the inner face coultitée the deposition of MIEC perovskite

sol on the AHF substrates.

Fig. 4. SEM images of bare AHF; (a) cross-section, (b)fimall section and (c) inner
surface

Fig. 5 shows the dispersion of MIEC perovskite esidLSCF and LSCNi) deposited
onto alumina hollow fibre substrates through digiécroscope and SEM-EDS images. From

the digital microscope images shown, it can be s#ent the AHF substrates were



successfully coated with the MIEC perovskite oxadecan be evidenced by a thin black layer
coating on the outside of the membrane. A gradiétiack colour can be seen started from
the inner surface of the membrane. This indicateg the MIEC perovskite oxide sol
migrates from the inner surface to the outer serfat AHF substrates due to the porous
structure of AHF substrates and further concerdratethe outer wall forming a thin layer of
MIEC perovskite membrane. This thin dense layavitEC perovskite oxide ensures that the
oxygen permeation could undergo separation actoessmembrane wall. SEM with EDX
mapping was then carried out to observe the moggyodf MIEC OTM with their particular
elements. All the elements were found to be homoggly deposited throughout the
membrane wall similar to our previous study [38hieh allow oxygen molecules undergo
surface exchange reaction at the outer surfadeeadurface-modified membrane as well as at
throughout of the membrane wall during bulk diffusiprocess. The amount of MIEC
perovskite oxide deposited onto the bare AHF wasrdened from Eq. (1) and it was found
that the amount of perovskite oxide deposited f8CE-AHFand LSCNi-AHFwere 0.27%
and 1.03%, respectively. To further investigate #feects of MIEC perovskite oxide

depositions on the AHF properties, mercury intrangest was carried out.

LSCF-AHF LSCNi-AHF
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Fig. 5. SEM images and EDX mapping of bare and surfacefieddAHF membranes



The porosity and pore size distribution of bare smdace-modified AHF membranes
are shown in Table 1 and Fig. 6. The distributionve shows that initially, the bare fibres
possessed bigger open pores structures at aroutm @D pum with porosity percentage of
28.8%, thus, allowing the deposition of perovskixédes. After the deposition, it was found
that the MIEC perovskite oxides sol filled the anite of the big pores and reduced the
porosity of the AHFSmaller pore diameter range (0.08-0.5 um) was @ltserved, which
might be due to the packing of MIEC inside the &érgg The LSCF-AHF and LSCNi-AHF
were found to have low porosity percentage as compt bare AHF and their distribution
of pores diameter were found to be around 0.06t¢@n5and 0.08-0.5 pum, respectively. These
finding support the SEM-EDS analysis and indicated the MIEC perovskite oxide was
successfully deposited onto the Ald&bstrate forming a dense and gas-tight membrate th

is suitable for oxygen enrichment.

Table 1. Porosity percentage of bare and surface-modifidé Anembrane

Surface-modified membrane Porosity (%)
Bare AHF 28.80
LSCF- AHF 24.69

LSCNi- AHF 24.39
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3.2. Oxygen permeation performance of the surface-modified AHF membranes

Fig. 7 depicts the oxygen permeation fluxes asnatian of operating temperatures (700 to
950 °C) and sweep gas flowrate for fabricated LSEHF and LSCNi-AHF membranes. The
membranes were first subjected to gas tightnesgties to the oxygen permeation study and
only gas-tight membranes were used for the study.was observed that operating
temperature plays a significant role in affecting bxygen permeation fluxes where thg O
flux increased with temperature for all membranBsis finding is consistent with other
reported work where Tan et al. [39] demonstratétthgir bare LSCF hollow fibre membrane
shows an increment in,ermeation flux along the increasing of operatemgperature (850
-1000 °C). Similar trend was also observed by Eaal. [16] for their LSCF perovskite
oxides (SrCeoS® 1035, BaysSlsCoFensOzs, SrCadNbp1Os5 and SrCegFerOss )
coated hollow fibre within temperature range froB04.000 °C. This indicates that higher

temperature helps to enhance f®rmeation through improvement of ionic transpand



surface exchange kinetics. AccordingHan et al. [32], the ©@permeation rate is generally
determined by the rate of surface exchange reaatitower operating temperature and as the
operating temperature increased, the oxygen peioneate will be dominated by the rate of
bulk diffusion rather than surface exchange reacfiis is because of the activation energy
of surface exchange reaction is much smaller thandf bulk diffusion [29,32,40].

By comparison, LSCNi-AHF show higher,@lux than LSCF-AHF over the entire
operating temperature range reaching up tomL&Em?.min at 950 °C and 150 mL/min of
sweep gas rate. The highest flux obtained for LSCF-AHF membrane in this studgs
0.55 mL/cnf.min. All the G flux observed in this work were found to be sigmintly higher
than the range of flux value reported by Teraoka att[4] due to the hollow fibre
configuration. In their study, the value of oxygeermeation flux for LgeSr4CapgB’ 0203
(B’ = Cr, Mn, Fe, Co, Ni and Cu) disc membrane0@fmm diameter and 2 mm thickness
were investigated under operating temperature letvBe0 to 870 °C and 30 mL/min of He
sweep gas flowrate. It was found that the Ni-dopesiovskite oxide (LSCNi) shows
significant increases in oxygen flux as compare&dedoped perovskite oxide (LSCF). The
reported oxygen flux of LSCNi is from ~ 0.037—1.4i&/cr’.min while LSCF is from ~
0.037-0.635 mL/cfamin between the operating temperature [4]. Itlsarobserved that the
permeation flux of LSCNi for both studies was higlas compared to LSCF due to the
substitution of Ni for Co in the lattice caused floemation of vacancies of oxide ion and
therefore enhance the oxygen permeability.

Besides operating temperature, i@rmeation flux is also strongly related to oxygen
partial pressure difference. Principally, the usiehigher or faster argon sweep gas flowrate
creates larger oxygen gradient since the oxygenapg@ressure is low at permeate side of
membrane [17]. The permeation flux for all the membranes was obsetwecbnsistently

increase when higher sweep gas flowrates were disedo the increase of driving force for



O, permeation to occur associated with thepartial pressure difference between feed and
permeate stream. The, @ermeation flux of LSCNi-AHF was found to increasere than
300% up to 4.47 mL/cimin when the gas flowrate was increased from 0 1 150
mL/min. Interestingly, when the LSCNi-AHF operat@d50 mL/min of sweep gas rate, the
O: flux remained almost constant, suggesting that baric diffusion and surface exchange
reaction limit the @ transport instead. LSCF-AHF also experienced suddereases in 9
flux after 850 °C when 100 mL/min of sweep gas rat@s used, surpassing the O
permeation flux value using 150 mL/min of sweep gai®. This might be due to the
enhancement of surface reaction and the rate ajevxyons recombining into f®nolecules
at the inner surface of hollow fibre is similar ttee transport rate of {n convective gas
flowrate [40]. However, the effects of sweep gasvfiate will not be significant once the
transport of @ molecules in the sweep gas flow exceeded theofatsnic recombination or

the rate of oxygen ion supply prior to ionic reconation [41].
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Fig. 7. Effect of sweep gas flowrates and operating teatpegs on the oxygen permeation



fluxes of (a) LSCF-AHF and (b) LSCNi-AHF

4. Conclusion

This work demonstrates the possibilty of developitapthanum-based perovskites
membranes supported onto porous alumina hollowe fipkHF) substrate for oxygen
enrichment. From digital microscope and SEM-EDX Igsia, a thin, dense and
homogeneous layer of perovskite was depositedeabuter surface of AHF through vacuum
coating. The coating of lanthanum-based perovskie® the surface of AHF helps to
improve the surface exchange reaction kinetics. igniicant increase of © flux at
temperature above 800 °C indicates that the oxggeface exchange reaction becomes the
main factor that dominate the, @ux. Higher sweep gas flowrate was also foundnprove
the G flux and LSCNi-AHF flux was observed to be sigcéntly better than LSCF-AHF.
The maximum @ flux value reach up to 4.47 mL/émin at 950 °C and 100 mL/min of
sweep gas rate. The present work indicates a feasiethod for fabricating OTM membrane

using porous AHF substrates.
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