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Fe-doped La ,Sr,GaO; exhibits a high conductivitf~1 S/cm)and a high oxygen permeation rate. In particular, the highest
conductivity and the oxygen permeating rate were attained gtg.Gay ¢Fey O3 (LSGF). Although a surface catalyst is
required, oxygen permeation rate from air to Ar was as high as 2%suifmin cnf at 1273 K and 0.3 mm membrane thickness.
Oxygen permeation rate from air to Ar increased in the following ordep,ed@ ,C00; > Lag ¢Sty 1C00; = Smy 5Sr C00;,

> SmyeS1h4C00;, as the surface catalyst. Since thg, gradient becomes larger, the oxygen permeation rate drastically in-
creased by changing from air-Ar to G#ir condition. The products were only CO and,thaving a molar ratio (k/CO ratio)

of almost two. Electronic hole conduction was only observed in LSGF polarization measurement and the oxide ion conductivity
estimated is as high as= 0.6 Scm! at 1073 K. At highpoz, the main defect in LSGF is{Cand F¢,, and at intermediatpoz,
concentration of Re is balanced with that of O The estimated transport number of oxide ion was0.6, which is in a good
agreement with that estimated by the electromotive force,#O5l gas concentration cells.
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Methane (CH) is the major component in natural gas which is the oxygen permeation membrane for Cpartial oxidation. In this
an abundant natural resource. Therefore, conversion of iGté study, therefore, mixed electronic and oxide ionic conductivity in
useful compounds is an important subject at present. From the viewFe-doped La(Sr)GaQwas investigated in detail. Furthermore,
point of the useful utilization of Cl, the partial oxidation of Cllis oxygen-permeating properties through La(Sr)Ga(Re)OSGF)
attractive, because the reaction gives a synthesis gas at,CO:Hmembrane under CHpartial oxidation were studied.
= 1:2, which is suitable for the synthesis of methanol or hydrocar-
bons. Pure oxygen gas is an essential reactant for this reaction and Experimental
as far as the cost is concerned, separation of air igtar@ N, by a .
simple method should be considered. Separation of air iptar@ Sample preparatior-Fe-doped La(Sr) GaDwas prepared by a
N, by a mixed electronic and oxide ionic conducting ceramic mem- conventional solid-state reaction using,g (99.99%, Wako Pure
brane is an ideal method for obtaining pure oxygen because of ithemicals), SrC@ (reagent grate, Wako Pure Chemi¢al§a,0,
simple structure and low energy consumptiddowever, separation  (99.99%, Kishida Chemicals and FeO; (99.5%, Wako Pure
of oxygen with mixed conducting membrane requipgs gradient. CheATgaB)- Yet"’“ SXIdez of thgt?]es'r?oi compctn)5|t|ons v;/Iere rlm'”e%lmt
) . . o an mortar and pestle and the mixture subsequently calcined a
Since Po, N CH‘_‘ strea'lm |s'smaller than. 18 am, r?\ppllcatlon of 12732K3f0r 6 h. The Fp;owder after calcination Wasqmixeé/ again and
oxygen separation with mixed conducting ceramic membrane forpressed into a disk20 mm diam)followed by isostatic pressing at
CH, partial oxidation is an ideal application of the mixed conduct- 2700 kg/cn? for 20 min. The obtained disks were sintered at 1773 K
ing ceramic membranes. for 6 h. Finally, disks were ground to 0.5 mm thickness on a dia-
It is well known that La(Sr) Fe(Co)£XLSFC) perovskite oxides  mond wheel. It is also noted that change in the composition during
exhibit superior mixed conductivity and, consequently, a high oxy- preparation is not observed by inductively coupled plagi@P)
gen permeation rate is attained on these perovskite oxittepar-  measurement. In order to improve the surface activity for oxygen
ticular, it is reported that SrCoQdoped with Ca and Fe for Sr and dissociation, each disk was painted on both surfaces with
Co sites, respectively, exhibits an extremely high oxygen permeatiorLa(Sr)COQ (denoted as LSChpr Sm(Sr)CoQ (SSC)slurry at 10
rate3 However, LSFC is easily reduced in Gldtmosphere and itis mm diam with a brush. L@:Sr, 4£00; was mainly used for this
reported that failure of the membrane due to reduction sometimegurpose. LSC or SSC was prepared by calcination of the mixture of
occurs when LSFC is used as the oxygen-permeating membrane fegagent-grade La(Ng;, Sm05, Sr(NOy),, and (CHCOO),Co
CH, patrtial oxidatior It is reported that SrFeG@O; is stable (Kishida Chemicalsat 1273 K for 6 h.
against reduction and it can be used as the oxygen-permeating mem-
brane for the partial oxidation of methan& However, synthesis of
this oxid_e is rather_difﬁcult: and further improyement in the OXYQeN- ments.—An oxygen gas concentration cell of air-Ar, schematically
permeating rate is required for the application of the mixed gnqwn in Fig. 1, was used for the simple oxygen pérmeation mea-
electronic-oxide ionic conductor to the oxygen generator for, CH gyrement. Permeating oxygen from air to Ar was analyzed by using
partial oxidation. _ _ a gas chromatograph. Molten Pyrex glass was used for the gas seal.
In our previous study, it was found that Ni- or Fe-doped gj,ce g Iy in Ar sweep gas was detected by the analysis with gas
La(Sr)GaQ was a mixed electronic hole and oxide ionic conductor cpromatographs, it was confirmed that the physical gas leakage
and the material was stable over a wide range of oxygen partiaip oygh the sample and gas seal was negligible.
pressures ffo,).”® In particular, it was found that Fe-doped The same gas concentration cell as shown in Fig. 1 was also used
La(Sr)GaQ exhibited high electrical conductivity and an oxygen- for CH, partial oxidation. In the case of GHpartial oxidation, Ni
permeating raté.Therefore, Fe-doped La(Sr)Ga@ expected as and LSC were used as the catalysts for the, @Hd oxygen side,
respectively, at 10 mm and 40m diam and thickness. Ni catalyst
was obtained by applying the commercial Ni®agent grade, Wako
* Electrochemical Society Active Member. Pure Chemicalland before reaction, NiO was reduced to Ni by
Z E-mail: isihara@cc.oita-u.ac.jp flowing H, at 1273 K for 1 h. The outlet gas from the membrane

Oxygen permeation and GHpartial oxidation measure-
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Figure 3. Arrhenius plots of the electrical conductivity of
Lay SGay eFe.405 in po, = 107° atm.

G.C An Al,O; dense plate was connected to an Fe-doped LaGede
et Ar or (_“jH4+N2 (1 mm in thicknessyith a molten Pyrex glass ring and Pt pa&ta.

10 mm diam)attached to the specimens. The reference electrode
was attached close to the pumping electrode and the setup was put
into air flow stream. A constant potential was applied using a poten-
tiostat (Hokuto Denko, HFBA-501and current was measured with
a digital multimeter(Advantest, R6451 Commercial oxygen was
. lways used as the reference gas. The electrode area for oxygen
reactor was analyzed by t_he gas chromat_ographs with a therm umping is much larger than that of the side area of the disks, and
conductive detectofTCD) with a molecular sieve 5A column. the oxygen flux incorporated from the side of the disks does not

Electrochemical measurementsElectrical conductivity was  Significantly influence the estimated electronic conductivity.
measured with a generally used dc four-probe method in the con-

Figure 1. Schematic view of the gas concentration cell used for oxygen
permeation as well as GHpartial oxidation.

ventional gas flow cell which is not shown. Partial pressure of oxy- Results and Discussion
gen was controlled by using NO,, CO-CQ,, and H-H,O gas Electrical conducting property of LSGFFigure 3 shows
mixture and monitored with an oxygen sensor using 6800,  Arrhenius  plots of the electrical  conductivity  of

electrolyte. The transport number of oxide ion was estimated by thq_al S5Gay Fe,.0; at po. = 107 atm. It is seen that all speci-
. . . _ - . g 2 .

rﬁtlo of .the msalljsurﬁd electromotlvg for((eerr]1f) in the ;—b Ozé;:ell tﬁ mens exhibit a high total conductivity in the range 1-10 S/cm. The

that estimated by the Nernst equation. The setup for th bcell gl conductivity increased with increasing amount of Sr and at-

is quite similar to that shown in Fig. 1. The Wagner polarization tained a maximum ak = 0.3 at temperature lower than 973 K

method(lon-blc_)c_klng metho_bjwas used for _th_e separation Qf elec- Conductivity of all specimens exhibited metal-like temperature de-

tronic conductivity from oxide-ion conductivity. The experimental pendence at temperatures higher than 973 K, namely, conductivity

setup for the polarization method is schematically shown in Fig. 2'decreased despite increasing temperature. The generally accepted
explanation for this involves the loss of oxygen from the sample at
high temperature at the expense of electron holes. This is also re-

x AlO;plate lated to the thermal reduction of Fe. The conductivity reached a
Molten Pyrex Potentiometer maximum atx = 0.2 at temperatures973 K. In any case, it can be
glass seal — g0y said that La_,Sr,Ga, ¢F& 405 exhibits a high total conductivity.
/ Figure 4 shows the electrical conductivity of
Reference ‘v LSGF \J Potentiostat La, _,Sr,Ga, F& 405 as a function of oxygen partial pressure. In the
electrode 47 ! = A Po, range higher thampo, = 1075 atm, the electrical conductivity
Pt electrode increased with increasing oxygen partial pressure p@zddepen-
dence of electrical conductivity is almqsgzl"‘. Consequently, it is
Mullite @ _clear that the main electror]ic charge carrier !qJ.xéerGa).ﬁFQMOQ, _
tube i is the electronic hole, which could be assigned to the formation

) . of Fe', namely, Fg,. The electronic conductivity of
airout  airin La, _,Sr,Ga, fF&, 405 was almost independent of the oxygen partial

; — 1015 5 ;
Figure 2. Schematic view of the experimental setup for the polarization pressure in a range quz = 10""to 10 atm. In our previous
method. study on Lg gSr ;Ga gMdg o Fe0s (LSGMF) X the valence num-
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Figure 5. Temperature dependence of the transport number of oxide ions in
Figure 4. Electrical conductivity of La_,Sr,Ga, F&) 405 as a function of La; _,Sr,Gay dFe 0.
the oxygen partial pressure.

ber of Fe in LSGMF was measured with electron spin resonanc doped LaGa@ exhibits simultaneously high oxide ionic and elec-
(ESR) and it was seen that the ESR signal assigned & Fe- &ronic hole cond_ucnon. The largest permeation rate of oxygen is
. theoretically achieved at 0.5 of the transport number of oxide ion
crezis_ed by redL_Jcmg the §amp|e. Therefor_e, ESR ‘_’?“'?‘ suggests tnﬁhen the total conductivity is the same as shown in Eq. 1. There-
Fe’" is the dominant species andFeforms in the oxidizing atmo- fore, Fe-doped LaGa{perovskite-type oxide is suitable as a mixed
sphere, expressed as the following equation bygere/ink notation conductor for the oxygen-permeating membrane. Since the highest
Fe,+ 1/2 O, + VO electri_cal conductiv_ity was _obt_ained, LSGF is highly attrac_tive_as
the mixed electronic-oxide ionic conducting material. Contribution
= Feg,,+ O5 + h* (Formation of F&") [1] of the electronic charge carrier was further studied by an ion-
blocking method.
At low Po, atmosphere, it is considered that’Fds formed as . Electronic conductivilty can be sepqrated from that qf oxide ion
the following equation with the Wagner’s polarizatiotion-blocking)method. In this study,
contribution of electronic conductivity to the total conductivity was
2Fe, + O = 2Fe, + 1/2 O, + VO (Formation of F&") estimated using the polarization method. Figure 6 shbowes. V
[2] curves for LSGF. In the usual case, “S”"-shaped curves are observed
in these polarization measurements on samples having electrnic
Therefore, in the intermediaf®,, range, these two equations should and hole (p) conduction*?*®* However, electronic current, in-

be balanced and as following creased monotonically with increasing applied potential in the case
) ) of LSGF. This suggests that p-type conductivity was always domi-
3Fe, = Fesa+ h™ + 2Fg;, [3]  nantin LSGF and no n-type conductivity was observed at applied
Since no gaseous oxygen is included in this equation, the electrical
conductivity is independent qjoz, that is shown in Fig. 4. There- 1400 T T T T T
fore, amount of F&™ and hole should be balanced with that of Fe _ ]
as shown in the following equation 1200 1173K
[Fegal + [p7] = 2[Feg,] (4] 1000 | ]
N, _ : : E 800 | 1
in which [Fes,], [p~ ], and[Fes,] represent the amount of £g s L
electronic hole, and B¢, respectively. Although the number of the 600 [ y
iron compounds consisting of feis very limited, it is reported that
Fe'" is formed in perovskite-type oxide, SrFe@' However, con- 400 [ 7

sidering the stable valence number, trivalent iron is the dominant L

species both in ©and H, atmosphere. 200 |
The temperature dependence of the transport number of oxide oF

ion in La; ,SrGa ¢Fey 03, which was estimated by emf in the L . . .

H,-O, cell, is shown in Fig. 5. Obviously, emf in -0, cells using 0 100 200 300 400

La; ,Sr,Ga Fey0; were almost half those estimated by the V/mV

Nernst equation, and, furthermore, it changed by changin@#f}e  rigyre 6. 1, vs. Vcurves obtained with the ion-blocking technique for LSGF

difference across the membrane. Therefore, it can be said that Fext 1173 K.

Reference; air

L 4 L i 1
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Figure 8. Temperature dependence of the permeation rate of oxygen
through LSGF and LSGM membranes(0.5 mm thick).
I,L]gO_QSrO_lGQ,_BMgo_Zog was short-circuited by using external lead wire.

potentials less than 0.5 V. Electronic hole conductivity can be esti-
mated by the slope df, vs. V curves. Also, the applied potential

across the sample corresponds to the Nernst emf values across t
sample. Since pure oxygen was used for the reference gas, we can
estimate the oxygen partial press@pb2 (pumping)]in the pump-

ing room from the applied potential a%z (Ref) = 1atm by in LSGF is higher than that of LSGM, since the rate-limiting step

for the oxygen permeation through LaGa@embrane is the bulk

using the Nernst equation diffusion step. This is because the oxygen permeation rate
o _ monotonically increased with decreasing the thickness of membrane
poz(pumplng = exp(—4VF/RT) [5] in both cases. The oxygen permeation rate of LSGF is 2.3 times

higher than that of LSGM. This improvement in oxygen permeation
Here,V indicates applied potential arfel R, andT are Faraday rate is also in good agreement with the improved oxide-ion conduc-
constant, gas constant, and temperature, respectively. tivity shown in Fig. 3. In any case, considering the oxygen-
p-Type conductivity was estimated based on the polarizationpermeating rate of 2.1 chnstd/cn? min at 1173 K reported for
measurement and is shown in Fig. 7 as a function of oxygen partial-ag Ba, 4C0 &F& O3, it can be said that LSGF exhibits large oxy-
pressure. By subtracting the p-type conductivity from the total con-gen permeation rate which can be attributed to its fast oxide-ion
ductivity, the oxide-ion conductivity was also estimated, which is conductivity.
also shown in Fig. 7. Since oxide-ion conductivity is independent of ~ Figure 9 shows the effects of the thickness of LSGF membrane

the oxygen partial pressure, two points at high and @;\I;/ were on the oxygen permeation rate. The oxygen permeation rate through
calculated in Fig. 7. It is clear that p-type conductivity in LSGF the mixed electronic-oxide ionic conducting membrane is theoreti-

gradually decreased with decreasing oxygen partial pressure and f&/ly expressed by the fogowing equation when the bulk diffusion
became slightly steep o, smaller than 10° atm. The depen- step is the rate-limiting st

dence of p-type conductivity onpo, is ca. 1/50 at Po,

= 0.21% 10°° atm. Since thep02 dependence of total conductiv-

ity in Fig. 3 for the corresponding rangeds. 1/30, thepo2 depen- o
dence of the estimated p-type conductivity is in reasonable agree- <@
ment. These results also suggest that the main defects in LSGF arg 100}
Fes, and electronic hole, and the amount of;kés balanced with

that of V. In addition, the estimated transport number of oxide ion

by the polarization method was 0.59, which is also in good agree-
ment with that by emf in the HO, gas concentration cell, 0.63. It

is also noted that the oxide-ion conductivity in LSGF is extremely

high (ca. 0.6 S/cm), which is 2.7 times higher than that of oxide-ion

conductivity in Lg gSry ,Ga gMgg O3 (LSGM).

Oxygen-permeating property in LSGFFigure 8 shows the tem-
perature dependence of the permeation rate of oxygen througlg
LSGF membrane. In this figure, the oxygen permeation rate through 32 20 | 105
an LSGM membrane at short-circuited condition is also shown as as
reference. It is clear that a high oxygen permeation rate was L L
achieved on LSGF membrane at all temperatures. The oxygen per 0 0 2 3
meation rate was attained to be 1.8%std/cnf min at 1273 K, 1/thickness  (mm-1)
which is almost three times higher than that of LSGM membrane at
the short-circuited condition. The higher oxygen permeation rate ofFigure 9. Effects of the thickness of LSGF membrane on the oxygen per-
LSGF than that of LSGM suggested that the oxide-ion conductivity meation rate. (LgeSr, 4C00; was used for the surface catalyst.
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rate at 1173 K attained a value of 2.5 std/cn? min when the
thickness of the LSFC membrane was 0.3 mm. Therefore, the rate-
limiting step for oxygen permeation through LSGF membrane
seems to be the bulk diffusion process for the thickness range stud-
ied in this paper. Consequently, it is expected that further increase in
oxygen permeation rate is obtained by decreasing membrane thick-
ness. However, with decreasing temperature, dependence of oxygen
permeation rate on membrane thickness became insignificant. This
suggests that the surface reaction rate became slower and was the
rate-determining steps with decreasing temperature. Therefore, in
order to improve the oxygen permeation rate at 873 K, improvement
in catalytic activity is required.

Effects of the surface catalysts on the oxygen permeation rate in
LSGF membrane were further studied and the results are shown in
Fig. 10. The oxygen permeation rate was strongly dependent on the
surface catalyst. Since almost no oxygen permeation was observed
through LSGF membrane when no catalyst was applied as shown in
Fig. 10, surface catalyst is essential for obtaining the high oxygen
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g - o - - - 0.0 permeation rate. This suggests that the surface activity of LSGF
00 900 1000 1100 1200 1300 to oxygen dissociation reaction is low; however, oxide ion diffusiv-
Temperature /K ity in bulk is high. Consequently, the oxygen permeation through

] ) LSGF membrane is strongly influenced by surface catalyst, and it
f':rl?;n;irl% E:ff;rtgug‘;ttgégﬁ‘;%gf‘;?('gsésn?nq)the oxygen permeation rateyas seen that the oxygen permeation from air to Ar at 1273 K
' ' increased in the following order. LgSr, C00; > La, ¢St ,C00;
= Smy S sCo0; > Sm, ¢Sy 4C00; as the surface catalyst. It was
reported that SgsSr, sCo0O; exhibits the highest activity to the ca-
Jo. = 5 n (6] thodic reaction of solid oxide fuel cells(SOFCs) using
2 16F%(oe+ ot~ py LaGaQ-based electrolyte at intermediate temperat@ré. There-
fore, it is considered that SmCq@s highly active for the oxygen
whereJo, is oxygen permeation ratethe thickness of membran€,  dissociation reaction. However, §g8r, 005, which is not so
temperatureR gas constantp;,, andp, are oxygen partial pressures, highly active to the cathodic reaction of SOFC, exhibited the highest
F the Faraday constant, and ando; are the electronic and oxide activity for oxygen permeation. Therefore, it seems likely that the
ionic conductivity, respectively. Based on this equatidg, is in- surface reaction steps contained in the oxygen permeation are dif-
Verse|y proportiona| to the thickness of membrane. As shown in Fig.ferent from those in the cathode of the fuel cell. In any case, it was
9, the oxygen permeation rate monotonically increased with de-seen that LgsSr ,C00; is the preferable surface catalyst for the
creasing thickness of the membrane, and the oxygen permeatingSGF oxygen-permeating membrane among the examined oxides.
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Figure 12. Oxygen permeation rate and the product yield in,Qdrtial oxidation as a function of membrane thickness at 1273 K.

The oxygen-permeating property of LSGF under,(artial  the thickness of the LSGF membrane or increasingoegradient
oxidation.—Application of LSGF to the oxygen-permeating mem- 5-r0ss the membrane.
brane for CH partial oxidation was further studied. Figure 11 shows Figure 12 shows the oxygen permeation rate and the product
the temperature dependence of oxygen permeation ratg,cOht  yield in CH, partial oxidation as a function of membrane thickness
version, and yield of CO and H It is clear that the oxygen perme- at 1273 K. It is clear that the oxygen permeation rate monotonically
ation rate increased drastically by changing Ar to,Giithe perme- increased with decreasing the thickness of the LSGF membrane.
ation side. This increase in oxygen permeation is predicted from EqThese results also suggested that the rate-limiting step for the CH
6 because th@o, gradient becomes steeper. The permeation ratepartial oxidation is a bulk diffusion step even for 0.3 mm thick
attained a value ota. 8 cn? std/min cn? at 1273 K when the membrane. The permeation rate from air to,Gihs 12 cm std/min
thickness of the electrolyte was 0.5 mm. £Eebnversion of 40% cn? at 1273 K as shown in Fig. 12. In accordance with the increase
and yield of CO and Kat the same value to GHonversion were  in the amount of permeating oxygen, gldonversion as well as
also obtained at 1273 K. Because the yield of CO andwére  Yield of CO and H also increased monotonically. Since the amount
almost the same as that of Gldonversion and CQformation was of carbon was almost balanced before and after the reaction, no

negligibly small, it is obvious that the Gfpartial oxidation domi- ~ carbon seems to form on Ni catalyst. Absence of carbon formation
nantly proceeds in the membrane reactor using LSGF as the oxygern Ni catalyst was also confirmed by visual examination after partial
permeating membrane. oxidation reaction. K/CO ratio was always close to two. Conse-

Effects of oxygen partial pressure in oxidant on the permeationquently, it seems that no carbon was deposited during (aitial
rate through LSGF membrane under the (Gartial oxidation were ~ oxidation in the LSGF membrane reactor and the, @drtial oxi-
further studied and the results are compared in Fig. 11. It is reasondation into CO/H gas was the dominant reaction. Therefore, the
able that oxygen permeation rate further increased by changing fronCH, partial oxidation process combined with the oxygen separation
air to oxygen at all temperatures examined. This suggests that thenembrane using mixed oxide ion conductor is highly attractive for
rate-limiting step of the oxygen permeation under the,Qidrtial the conversion of CHlinto liquid fuels, because the size of the
oxidation is still a bulk diffusion process. The amount of oxygen reactor is small and the process is also simple.
permeation was as high as 12 and 6°std/min cnf at 1273 and Figure 13 shows the X-ray diffractiotXRD) patterns before and
1073 K, respectively, when the thickness of the membrane is 0.%fter CH, partial oxidation for 12 h. It was seen that no significant
mm. CH, conversion was also improved by changing air to oxygen. difference was observed on the XRD patterns of the LSGF mem-
However, formation of CQwas observed and it became significant brane before and after the Gldartial oxidation reaction. Therefore,
with decreasing reaction temperature when oxygen was used as oxihe LSGF membrane has enough stability against reduction and oxi-
dant. This suggests that the surface activity of the Ni catalyst usedlation. SEM observation also confirmed that there is no crack ob-
for the partial oxidation of Ckl was not high enough, and the served on the surface of the membrane. Absence of crack formation
amount of permeating oxygen became excess when pure oxygeduring CH, partial oxidation is also confirmed by no,Neakage
was used as a source of oxygen. Therefore, further increase in thebserved in the product stream. Consequently, it can be concluded
yield of CO and H can be achievedif the activity of Ni can be  that LSGF has good chemical stability, which is enough for the
improved by improving dispersignit is also noted that the pressur- oxygen-permeating membrane for the Cphrtial oxidation.
izing air also gives the same positive effects on the oxygen perme-
ation rate. Even at 873 K, the rate-determining step for oxygen
permeation seems to be the bulk diffusion, and so it is expected that Although mixed oxide-ion conductivity in LaGaéhased oxide
the oxygen permeation rate can be further improved by decreasingas not been studied extensively, it was found that Fe-doped,

Conclusion
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Figure 13. XRD patterns of LSGF before and after Cpartial oxidation at

1273 K. 6.

LaGaG-based oxide exhibited high mixed electronic hole and oxide

ion conductivity. Therefore, a high oxygen-permeating rate was 8

achieved on LSGF membranes. The ion-blocking method shows the
main charge carrier in LSGF is hole and oxide ion. It is also noted
that the oxide ion conductivity in LSGF is extremely lar(fe6 S
cm™ ! at 1173 K). Therefore, L@aSr, Ga =& 405 is highly attrac-

tive, not only as the oxygen-permeating membrane but also as the;.
fast oxide ion conductor. LaGaébased oxide has a high stability 12.

against reduction, and aSr, -Ga, ¢F&, 405 exhibits a large oxygen
permeation rate under Ghpartial oxidation condition. An oxygen-
permeating ceramic membrane for the partial oxidation of, @GH
one of the most desirable applications of a mixed conductor. Con-

sequently, it can be concluded that LSGF is highly attractive as ase.

material for oxygen-permeating membranes.
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