WD 2005/ 115918 PCT/ S&005/ 000167 1 Conbusti on

Synthesis of Perovskite-type Metal Oxide Conpound

Field of the Invention 5 This invention relates to the
weBheaisven synthesis of perovskite-type net aciRd08/000167
conpound and refers particularly, though not
exclusively, to such a synthesis of perovskite-type
oxygen perneable materials using a conmbustion mnethod
where oxygen is introduced externally in the fina
stage to assist conbustion!l0 Background of the

I nvention M xed ion el ectron conductive materials
(."MECM') have been under attention due to their
potenti al uaHusGeH SRithdsts stPicisiteitgise Metal Oxidé Compoungen
separation nenbranes and 15 partial/selective

oxi dation of natural gas to produce syngas (hydrogen
and carbon nonoxi de). The production of syngas is a

way teely of @eiientis Ural. gas, since this hydrogen rich
-gas m xture can be directly converted into electricity
by solid oxide fuel cell ("SOFC') systens.
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shability, conductivity and structural versatility,
ABOB st ructu ite-type material s have been
st udlaé’ﬁ&géx?" %t%gﬁvgn\‘%lﬁom whi ch a nunber of oxygen
perneabl e materi al s have been devel oped. The potenti al
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pernmeable perovskite materials that enploy |arge

- varieties of constitutional elenents such as La,
Considerable pragress has been made since Teracka initlated systematlc studies on

oxygen permeabilities of ABO; perovskite materials by adjusting and substituting metal

30 ions on A or B sites. The highest oxygen permeation flux was found on
SrCog.sFe020a5. However it was proved later the material has only limited mechanical
_and phase stability. Further studies showed that by doping Ba® in the A site, the
perovskite structure stability is greatly improved without excessively impeding its
oxygen permeation flux, and a stable 1000 h operationn time was achieved on
35 - BagsSrosCoosFe020ss perovskite materials. Many other kinds of axygen permeable
| | perovskite materials that employ large varieties of constitutional elements such as La,
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SUBSTI TUTE SHEET (RULE 26) WO 2005/ 115918

PCT/ S&G005/ 000167 2 Ca, Cu, Ti, 61, Zr, N, M and Ga
etc have al so been tested and exhi bited consi derabl e

Wi ¥esH19ey meabl e properties. Successful prepﬁ-,?dzgdgm@glm
phase pure perovskite-type netal oxide conpounds 5
demands an extensive m xi ng of constitutional netal

el enents to highest honbgeneity, no matter how many

el ements and what ever precursor are chosen. A nunber

of synthesis routes with thg idea of highly m xing the
constitutional elenents have been devel oped for the

mat eri al preparations. The diversity includes several
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gel c | - . S€e propagati on reaction,
Co-pre ig%$%5T§%1?&%eg'e§t hermal crystallization and
conmpound deconposition. The traditional ceramc
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e, piaortle a7 el o St ChERE RARACTo Highest
mat er feagensdi g matiey how jmany element, enﬁﬂt'%t?‘reai’@c‘i"maf?e"“"“"- A
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o RNl Totis U e sl eipplin B oG bl soir
f Ur t herepagetjsp atcedtion,o copredpifatiend diyéiobermial Ivomljeatiend apd compound
Al t erqaéhpteimoet hods can al so be used. These include
usi ng soluble netal salts instead of insoluble oxides.
20 Alternatively, organic polyners can be added to
nmake Tedrdifionetngraminweiegermeiyaa figh lempgrafurepligrpigiedegion between
Thes eneghatfcallin enikdd iRl HieRtdrborafes ahdsl @bar used to fabricate the
no i .
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si mulnizgddeapthey inf ihp fpsired grageions hyfinepr Wt Pa'ﬁvtﬂwsﬁf@éméﬂ'm the
oxal adsgeribioisnealomeyli@kithé rgsulting piatedibleis ished shdiimilled gaghine This
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o] en converted to

pr eci ate I's C ] a crystallized .
per oF¥kFtaPedead e ThRpe iNSkHS 1RgSalube mely! {aliy lr\sgﬁ%gfrugpyplg oxides.
f2or -altergatively) qogenicogblynibreecai teaatided tcagiels afslift thaendergoes a gel-
et NQMSindiSodalial Tﬁ&%}ﬁ]\/@rﬂ% faﬁrréﬁaéaemfgh@&raaﬁogaa&w 30

contam nation free. is is particularly so for

solid-state reactions, and the co- precipitation )
met haohther e peadures einyoived h eo-pretipithiigt. affbisr ewetholl ofs rtet higepitate

MY  QRutiBsRN $emt LsdRiBY InLndr Rt i br BRARERAR td Weld a prddipitate

the.co-precj pitation net hog, mal%/u al sc? betl r o‘égpitatté)is then

Porovatanng e corragh propartions ot pensftiipralements, 4B pieci

' SUBSTNTIEE tsHEEtaliZadipErogite phase by heating to a desired temperature for a
given period.

The disadvantages of these methods are that they are time-consuming and not
30 contamination free. This is particularly so for solid-state reactions, and the co-
precipitation method, respectively.

The solid-state reaction methods may be improved to provide improved homogeneity,
and the co-precipitation method, may also be improved to remove excess alkaline

35  precipitating agents.
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WD 2005/ 115918 PCT/ SG2005/ 000167 3 Anot her procedure
i nvol ves the sol-gel nethod, which utilizes the high
sol ubl e properties of netal al koxides in non-aqueous
WwehotSAisH1d 0 achieve a high level mxing of perseaosoooisr
constitutional elenents, and an additional hydrolyzing
step nust be incorporated into the process. There is
anot her approach that utilizes the chelating and

pol ynerization 5 , properties of organic ligands to
realize a nolecular-level mxing of elements and to
avoi d phase segregation. In practice, soluble
inorganic nmetal salts (nostly nitrates) are dissolved
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achi qufshrathd® iWVakally HWeANENARS 86lidatte réacldh route owing to the
propagat i nﬁlﬁ‘?ﬁ(ﬂnbmti on. This burns off all volatile

df garfideys A4%%nd | eaves an anorphous or

crystallized inorganic ash. Oganic |igands serve both

as a ibpbAialed a8 eHpd i ymleaesy satmbpagtigeromiuston. When
| ] Soraer e | Q i ropriate

pr gvio\ggég'cg'g?&glﬁsa{r? 8%8%#3{){9%3?‘:‘0%%&5%? : ??}Iﬁt{‘%’gﬁ&%ﬁ an approp i
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addi £ orcf%\el ) ion step is 30 inevitable. Oher
Bet heteriiamehi¥Ries: hydr ot her mal and compound
deconposition. The hydrothermal nethod uses a highly

al kalJ q td ' It GoRrBdls as ithe fuel,
b SHOF AU USRI Qo 50 b il g s 1
a hyBetesriym perchlgatedeey benigser 28 9 ¥ a’i‘swﬁﬁeﬁg@%"e , _
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" Other methods include hydrothermal and compound decomposition. The hydrothermal
method uses a highly alkaline aqueous solution as a crystallizing media in which all
ingredients are added and well mixed until a hydrogel is formed. The hydrogel is then

35 | crystallized in an autoclave heated at 200°C or more. After induction and crystallization
period the hydrogel transforms into perovskite product. However, due fo great
differences in hydrothermal stability and solubility in alkaline media, only limited
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peri od the hydrogel transforns into perovskite
product. However, due to great differences in

hydrot hernmal stability and solubility in al kaline
wodidnie y |imted SUBSTITUTE SHEET ( RULE %S&&S/GOOIS'T
2005/ 115918 PCT/ S&G2005/ 000167 4 perovskite
crystallization is successful. A conpound
deconposition procedure is used if all constitutiona
netal atons happen to be incorporated into one

het eronucl ei conpl ex, sucha as heteronucl el oxal ate.
By calcining the oxalate, a perovskite-type netal

oxi de conpound is easily nade. Unfortunately, the

conp sﬂt%‘b%ﬁfﬂ%tr&r‘r R @uc’éeﬁ.ﬁh hR dorhouR®ieconpaaion ploesdiure is used
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frothing process
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0 t Bdhslahited ﬁblyrﬁéhczﬁanieﬂrm&&ﬁmfsd asroell iifdrm aawéll ergttallized perovskrte
preferr gd aspect there is provided a nethod of

synt e§|zrng perovskite-type netal oxide conmpounds,

the nethod conprising: (a) form ng an aqueous sol ution
cont @irAinafy dAtile Inesiiioned nmetal el enents; (b) renoving

t he aqueous nedia to forma gel precursor; and (c)
conmbustion pyrolyzing the g recursor in th .
¥ esreﬁe@wwewrr@fﬁ%nprererres@S@easotgrfﬁ I Proyilp] @ etipf gf synthesizing
ext edicvskite-tFpémpdtal egideocorpemdstie inethedipgrieidg:t hr ough a
nOZZ| elog éft eq; r@rﬁ@a@w}qn&m gtﬂl{rtroﬂlb&ﬁélﬁrﬁé)éﬂ requir8d Sekal e[ements.

-precur sor recurso
gel precursor; an

remov:ng the aqueous medra to form
(c) combustion pyrolyzing the gel precursor in the presence of externally-

' 30 . supplied oxygen.

The externally-supplied oxygen may be supplied through a nozze located above the
~ ge! precursor. The gel precursor is preferably a polymeric gel precursor.

35 The external supply of oxygen may be air, oxygen enriched air, or substantially pure

oxygen; and may be supplied at a rate able {0 be controlled so as to confrol at (east
one of combustion reaction intensity, and the combustion reaction velocity.
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35 The external supply of oxygen may be air, oxygen
enriched air, or substantially pure oxygen; and nay

be supplied at a rate able to be controlled so as to
wonssQlsomt | east one of conbustion reacti onpcrsGzo05/000167
intensity, and the conbustion reaction velocity.

SUBSTI TUTE SHEET (RULE 26) WO 2005/ 115918

PCT/ S&005/ 000167 5 After (a) but before (b) at |east
one sol uble organic chel ati ng agent nay be added to

the aqueous sol ution. Prefefably, the combustion
results in significant depletion of organic

residual s. The sol uble organic chelati ng agent may be
one or nore of., 5 ethyl enedi am netetraacetic acid,
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al phZ“‘%yfaF'&?g?@%\'? ShsRip 2pet b 1 fjan*?lve*emaa? elpmgrization
The dyervsgsmashs agidedn nay be honogenous. During the
formation of the gel precursor, resultant residual

t erd.al nforrredlnt
B o8 e Her 8 B 300 i B BB Mgy ot
of tt?éefétﬁﬁa*ﬂ!?f@ wéramaerWF@m ingrganit) @nd cneasies  Theliagueous
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d' St ' ésL c@%!' n%erg@r}gayf Jeet%?fﬁme\él rﬁg a f«Lﬁ@ é{epa%nélre.gluﬁl of%%mg&atlon
ext ePﬁ‘éPa”@Jﬂﬁ?PWP@F“%?VB%PFQW%a started when

dénbustion comences. 20 The prevoskite type netal

oxi d ﬁeﬁg{gggﬂjtﬂg SqidYs ﬁ%@iﬁ W%@t a%ng Gr En@"ecéfnggporgﬁo%%%atmg

into at one nenbrane

e PHHgNoB; fideFesae g0 iR Y g éwayé)@&wweb hesied fodarm the gel

aspeprecursver dhe sexpure | sipply cof nedybgera ey pheo diticied When 28mbustion

the ahayaceet hod; and a pervoskite-type netal oxide

%gnpound when prepared by the above nethod. Brief
scription of the Drawings 30 In order that the

pr esEwtprévashiia fiire metal pxike céruouydsumajesubsegoehtipn bel celeinet, bressed

Put  ihtd kOeasPERGhrERhneC bl ARE at IdBEINS nithdldne eﬁwréae

descri bed by way of non-limtative exanpl e only

preferred enbodi nents of the present invention, the

des dceprding tv desoand plefeived efrecicthere is provided a membrane produced by

25 the above method; and a pervoskite-type metal oxide compound when prepared by
~ the above method. '

Brief Description of the Drawings

30 .
In order that the present invention may be fully understood and readily put into
practical effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present invention, the descripfion being with reference
to the accompanying illustrative drawings. '

'35
In the drawings:

Figure 1 is a schematic view of a combustion synthesis apparatus;
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to the acconpanying illustrative drawings. 35 In the
drawi ngs: Figure 1 Is a schematic view of a conbustion
synt hesi s apparatus; SUBSTI TUTE SHEET (RULE 26) WO
wO%kAo18 PCT/ SG2005/ 000167 6 Fi gure 2 i Sp@/sG2005/000167
schematic diagram of oxygen perneation test
experinmental set up; Figure 3 is a roomtenperature
XRD patterns show ng phase devel opnent of sanples
prepared fromdifferent conmbustion-synthesis nethods:
(a) as-synthesized powder, & (b) cal ci ned powder,
950C, 5 hours (c) sintered discs, 1100, 5 hours; the
values after ECN indicate free oxygen: organic fuel

| .
0! 8 F 2 g SnEHE dhofahn & AR S8B B S ot up
conbubigred '%%Wﬁmée@%at%ﬁﬁwﬁwﬁpwgphﬁﬁ Aeysiasmertopamples
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and é‘ﬂre 8"“'?‘%“&’%’8%%@ “8M¥F oxygen perneation
- flux bet(w)/een sintecedEBTENCI100°a8 bouNi; theavblges aftenBGNtindipgtedigd oxygen:

t he Conpl exag;ggﬁyémrmgétrg@n met hods. The vol une of

oxygen a was st.an at. 25C at : ;
oot 2Pl B St S B Al iR o Rgateniats
Di scl webustios sanpionisi (B} thefommexatintGombusioa sarpleig

- PRY OMSird & FAGWRY ISENG iRNgeB B distsishgpe FRikanks gaerdred from the
xer 0]

SRS S SO AT et

t hi s Figiye 6 is a GrmparisaRel EYIeT penmatngv% bﬁgveela) ;he&gJ[TN%tratelNltrate
su bSto@ﬁiB@tlbrSarﬂf 86 ©dinpEkutibigoritektichansients atThe nolamel of oxygen gas

pol ynELI éﬁﬁdrﬁi&dawﬁb%( PLE,. the nmolecular-level m xed

precursor cture 1s well preserved before
c@nbustlon takes place. Once the gel is ignited,

OXY g @etdilsd Bogupiptionl okt Prafatdd\Endvdingams | nuously. This
is useful in numerous perovskite- type netal oxi de
conpound;wgreparatlon 25 especi al

mul t Pisslogdehe GmbHein stediod Fﬁr@ﬁe@ﬁrmgcpewﬁ%ﬁ?gﬂ?tﬁ@'s by making the

St r ueietsl-End k@ogdl equbtrsﬂlﬂe aiﬂ"IBmg)alrdaadIosvstlmﬁl 3n gxiglant o boost

Bokage&lb%hg{t RBnbdstby. Ih il RS G IRGerdaniduBVoObr even no, oxidative
continuous air, enriched air pure

nozz FebsaRess [ssRratent 4ripd gg‘f“dﬁ'lf‘ﬁjﬂﬂﬁ's‘l"l '?10%6%/‘39'?%'8" HhoRdiore, the

molecular-level mixed precursor gel structure is well preserved before combustion

takes place. Once the gel is ignited, oxygen is supplied externally and continuousty.

This is useful in numerous perovskite-type metal oxide g:ompounds preparation,

25 especially when multi-element or non-stoichiometric perbvskite structures are

reguired.

The oxidative supply is provided externally by intraducing a flow of continuous air,
enriched air or pure oxygen from a nozzle to sustain and boost combustion of the

30  polymeric gel. This “freezes” or sets all the constitutional elements in the correct
proportion for a desired perovskite structure. By pure oxygen is meant commercially
available “pure” oxygen. This may not be 100% pure.

By using a combination of the solid gel synthesis method and self-propagating
35 combustion synthesis to prepare a large variety of perovskite-type metal oxide
compounds several advantages may result:
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30 polyneric gel. This "freezes" or sets all the
constitutional elenents In the correct proportion for
a desired perovskite structure. By pure oxygen i's

weask/gegrercially avail able "pure" oxygen. P&rﬂ$(§zo6§ﬁ%0167
not be 100% pure. By using a conbination of the solid

gel synthesis nethod and sel f-propagating 35
conmbustion synthesis to prepare a |large variety of
perovskite-type netal oxide conpounds severa

advant ages may result: SUBSTI TUTE SHEET (RULE 26) WO
2005/ 115915 - PCT/ S&005/ 000167 7 1. a | arge range of
perovskite type netal oxides can be prepared as phase
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perovskite ucts is able to be prepared per unit
V8l ume of a reaction vessel. 15 The process conprises
t hr e@hs prepesss cdmprises frieagleasi aqueous sol ution contai ni ng

al 'd reqy ; e GhorRigiin dBLENE Biftion Sontaiignaliiragiirtdvactalplrmnts:
nmedia to for recur

conmbustd-on ﬂ?’i"B‘f'@?h YEhE ")?3% ath %@g %regéfgafééﬁ}sbﬁor otk andl ‘
presenck of asmbesiion ayrolyzny g‘?)ﬂfg Rrecyyeest By tag PIESEE S jrdipeula

gyt ernal |y tdyguahetarabipdpphed ekiemafly thetgtpandzzlef t he
process involves the dissolution of all constitutional

metal salts in an appropriate solvent, .
di st The &rek part o@&emcggdnwg %fhe disgelutiop of gll %61?} lglgﬁag eretal salts in

0' U&rh QEbropV&é)éblﬂ@‘lt edreratledistibécbdr deiahivesl mwm&@mfadwmogeneous
: a C et ‘{I'g gn. 2 :En}glgdsg Subl rﬁé{lﬂ Qls&ch 51"1 tbf é(taﬁnﬁie, @l%nﬁést £ilfaRS, nitrates,

droxycar bonxyl at es, | noy gani.c oy be
and cﬂr@imn|aéeta%ya'!ﬂ@'hyi!f§¥¥83’?‘6‘xﬁ?‘8fya‘i"\§[ 'F?{ga’}lﬁ Y
S0l UfideB Mo PrePiiredrsimixaé selution pravidpd dereistrat rresipitgtion; dygng mixing.

m xi ﬂ'ge types and amounts of all starting metal salts are determined by the composition of
- the desired perovskite phase. When the dissolution is complete one or more soluble
organic chelating agents are infroduced o stabilize the metal ions to prevent

30 'preclpltatlon Mast preferably, ethyienedlammetetraacetrc acid, citric acid, ammonium
" citrate, glycine, polyalcohol, polyamine and any soluble organics containing strong

" chelating functional groups, may be used to form the stable metal-ligand complex.
For organic ligands that lack the abilly to polymerize, some co-polymerization

' precursor may need to be added.

' The removing of the aqueous media in the second part of the process may be
performed by any conventional procedure such as, for evaporation, distillation, freeze-
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The types and anpbunts of all starting netal salts are
determ ned by the conposition of the desired
perovski te phase. Wen the dissolution is conplete,

v S9h199Ty € sol ubl e organic chel ating agent-@@nos/000167
introduced to stabilize the nmetal ions to prevent 30
precipitation. Mst preferably,

et hyl enedi am netetraacetic acid, citric acid, anmonium
citrate, glycine, polyalcohol, polyanm ne and any

sol ubl e organics containing strong chelating

functional groups, may be used to formthe stable
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#i ni sh and yield an ashy product. Conpared with
convegimgléBl producti on nmet hods, the conbustion
pr od@ct RafeRiBRbhrati@Nd non-sticky, it is
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bet t Byis example is for a procedure for the synthesis o 95570500081 €0 2035 PRIOVSKI
type metat oxide compound and several comparative samples from known methods.
30 ' _
Ba(NOs)z (Merck, 99%), St{NO;), (Riedel-deHaen, 99%), Co(NOs);-6H,0 (Riedel-
deHaen, 99%), Fe(NO3)s.9H;0 (Merck, 99%), EDTA
(EthyleneDiamineTetraaceticAcid, Lancaster, 99%), cilric acid (Merck, 99.5%),
- glycine(Merck, 99.7%), glycerol (Lancaster, 99+%) and NHzHO (25% wt, Merck) -

35 were used as starting materials.
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crystallized than conventional products. |nproved
oxygen perneation is al so observed wusing the
perovskite material nade by this process. 25 Exanple |

Wwehaaoje-t ype netal oxide material prepar 31*61@%2333!!0%0167
exanple i1s for a procedure for the synthesis o

Bao. 5Sr 0. 5Coo0. sFeo20a-5 perovskite- type netal oxide
conpound and several conparative sanples from known
met hods. 30 Ba(NOa)2 (Merck, 99%, Sr(NOa)2

(Ri edel -deHaen, 99%, Co(N@&3)2.6H20 (R edel - deHaen,
99% , Fe(NCa)3.9H20 (Merck, 99%, EDTA

(Et hyl eneDi am neTet raacet| eAci d, Lancaster, 99%,
citric acid (Merck, 99.5%, glycine(Mrck, 99.7%,
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Merck) 35 were used as starting nmaterials SUBST UTEeous
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was 3tof):asEh@dvnidfigureMo nitric acid or an excess

ammoni a sol uti on was added. The sol ution was then
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gl owed i ncandescently. The conbustion was conpl et ed

25 Four comparative samples, using the conventional (EDTA/cltrate)/nitrate  (ECN)
~_combustion route with two different oxygen/fuel molar ratios, Glycine/mitrate (GN) and
Giycerol/nitrate (GIN) combustion routes, were also made. The ECN samples have the

same EDTA/citric acidftotal metal ratio as the above-mentioned CC method, but
additional NH,NO; solid was introduced to make the free oxygenffuel ratio at 0.46 or

| 30 0.70. For the GN and GIN samples, no extra NH,NO; was added. The metal nitrates
" served as the sole oxygen donor, and the free oxygen/fuel ratio was kept at 0.50. No

pH adjustments were made on the GN and GIN, except for the ECN sample, Once the
solutions were made, they were evaporated on hotplates unil almost alf the free water

_ " was removed and auto-ignition began. The combustion reaction was completed i in ane
'35  minute for the ECN sample, while the GN and GIN samples completed the combustion

- in seconds.
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within 15 mnutes resulting in a black, powdery
residual. This sanple is subsequently preferred to as
CC (conpl exati on conbustion) sanple. 25 Four

icve sanpl es, using the conventi onal
%@%ﬁﬂsat e)/nitrate (ECN) conbustion routpéjT\llﬁct2 05'{03\%67
di fferent oxygen/fuel nolar ratios, @ycine/nitrate
(GN) and dycerol/nitrate (G N conbustion routes,
were al so made. The ECN sanpl es have the sane
EDTNcitrlc acid/total nmetalhoratio as the
above-nentioned CC nethod, but additional NHANGC3
solid was introduced to make the free oxygen/fuel
ratio %mq 6 or 30 0.70. For the GN and G N sanpl es,
no ex FANCB was added. The nmetal. nitrates served
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performed at 60 °C step wisely with the same stabilization time as the first point and
the final temperature being 900 °C.

30 _ _

' _X—ray diffractometer (Siemens, D5005) was used to identify the phase of as-
synthesized powders and sintered discs. The as-synthesized powders’ thermal
gravimeiric behavior was investigated by thermal gravimetric analysis (TGA) and
differential scanning calorimetry (DSC) in air (120mi/min) with heating rate of 10 °C
35  /min. Scanning electron microscopy was used to study the morphology of the sintered
udiscs 20. Before imaging, the top surface of the discs was polished and sputter
coated with gold. Before imaging a cross-section of the discs, no polishing was done.
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20 quartz tube 21 by a ceram c seal ant 22. Excess
seal ant 22 was used to fully cover the sidewall of the
disc 20 to prevent any edge | eakage. The effective

wORRsPREgeation area of the disc was kept gty 86000167
cn2. Dried conpressed air 23 at the rate of 70m/mn,

and high purity helium (99.9995% 24 at the rate of
30mL/ min, were introduced into the upstream 25 and
purge side 25 of the nenbrane, respectively. 25 The
tenperature was raised gradually from anbient to 850 C
and kept overnight. It was then cooled to 650 C at
the rate of 2 C/min. After 30 min of stabilization,

t he effl uent gas from purge side 26 was anal yzed.
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t he @gnhgvendiehie Was uniform the constitutional elements in as-synthesized powders
" 30 the less the diffusion barrier is for heat-induced perovskite crystailization.

The GIN and GN products’ being poorly crystaliized may result from an insufficient

" dose of organic ligands. For ECN samples, the loss of crystallinity and the rise of

. o phase impurity may be attributed to the untimely oxidative attack on the organic
35  ligands by NH;NO;. By comparing the ECN-0.70 with ECN-0.46 samples, it is found
that the addition of increased amotnt of NH NO; results in more deterioration of
succeeding phase crystaliinity and purity of as-synthesized powers. However, higher
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15 better crystallized than those derived fromthe ECN
powders. The XRD main peak intensity at. 31.7 degree
(2 0) for the CC disc is 54 % and 450 % stronger than

W81 ¥o1s ECN-0. 46 and ECN-0. 70 di scs, respegdyShisioois7
The ECN-0.70 disc was not chosen for the oxygen

perneation test, as its nmechanical strength was
insufficient to withstand polishing. In contrast, the
ECN-0.46 and the CC discs were quite solid and 20
unbreakable. A sinple nethad way to m x constitutiona
el ements thoroughly for a given perovskite synthesis
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~ further structure development of the CC and ECN-0.46 perovskite phases.
35

~ The SEM images of disc-shape membranes made from the ECN-0.46 and cC
" powders are shown in Figure. 5. For Bay55105C00sFey 2055 membranes, it is believed
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Figure 4 illustrates the DSC and TGA curves of the
ECN- 0. 46 and CC as-synthesized powders. In general,
two wei ght | oss sl opes were observed for both ECN 0. 46
wodofskisoppwders in TGA curves. The first is gddtosonoiss
400C, which corresponds to a further 15 pyrolysis of
organic residuals. The second is located in the range
670-950C and 630-850C for the ECN-0.46 and CC powders
respectively, corresponding to the deconposition of
car bonat es when the perovskiste crystallization occurs
to release CO2. Conpared with the ECN-0.46 sanpl e,
the first weight loss of the CC sanple is |ower (2%
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seen fromFigure 6 that the CC nenbrane has fewer and
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O3 RS e N S ol o
ECN- fatébal for why=aitnes, os@laa)rs flters and energy transducers in electronic industry
30 and the related field may be enhanced.

‘This method described above offers the advantages of facilitating the preparation and
crystallization of perovskite-phase structures. The CC method yields perovskite
products with minimum phase contamination and the high crystallinity. Additionally, the
35  oxygen permeation tests and SEM studies reveal that the disc-shaped membranes
made from the CC powders exhibit fewer structural defects and higher oxygen

permeation flux.
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result, the CC nenbrane possesses a hi gher oxygen

flux. Figure 6 shows the oxygen perneability of

di sc-shape nenbranes made fromthe ECN0.46 and CC
WOWIEAB0gN thin the tenperature range indi calt@lqsmbmﬂmm
CC 10 nenbrane showed better oxygen perneation.

850C, the oxygen flux of the CC nenbranes is
0.93mvcn2. m n, which is about 20 % hi gher than that of
the ECN-0.46 nenbrane. Perovskite-type netal oxide
conpound materials have inpgict on oxygen production

15 technol ogy and oxygen-invol ved industria

processes. Due to its infinitive pernselectivity to
oxygen, the MECM (m xed ion el ectron conductive

mat er iViihilpt therpdas pesnoieséribeed in thin &iregaing dedsiipliop prefrsregibodiments

by t hgs e H8Ednt 'nﬂ&rﬁﬁh' @lefiﬁue uﬁ@rﬁoddobyf Mmbsd el in GRNKLhnology
ceram c I’Te

ctio
- aI-SIPEN b oy rplib e RS bl 8etoh or SiSbucion
hobs| oxmambbrr@dw#lwmamwmr@m pfew't [FeetiPml  oxi dat i on
of 20 natural gas or light hydrocarbons. Ceramc
hol |l ow fi bre nenbrane reactors are a very " proni sing
techni que since it conbi nes oxygen separation and
partial oxidation of |light hydrocarbon (nostly
nmet hane, from natural gas) in one reaction, thereby
elimnating the building of a costly oxygen plant if
an aut ot hermal syn gas (carbon nonoxi de and hydrogen)
manufacturing facility is to be built. Syn gas is
| ater converted to gasoline or 25 hydrogen, or other
val ue- added cheni cal s. Conveni ent production of
various functionalized perovskite ceramc materials
that are used as SOFC (solid oxide fuel cell)
el ectrode material, dielectric and piezoelectric
material for capacitors, oscillators, filters and
energy transducers in electronic industry 30 and the
related field may be enhanced. This nethod descri bed
above offers the advantages of facilitating the
preparation and crystallization of perovskite-phase
structures. The CC nethod yields perovskite products
wi t h m ni nrum phase contam nati on and the high
crystallinity. Additionally, the 35 oxygen perneation
tests and SEM studi es reveal that the di sc-shaped
menbranes nade fromthe CC powders exhibit fewer
structural defects and hi gher oxygen perneation fl ux.
“SUBSTI TUTE SHEET (RULE 26) WD 2005/115918 _
PCT/ SG2005/ 000167 14 Wil st there has been descri bed
in the foregoing description preferred enbodi nents of
the present invention, it will be understood by those
skilled in the technol ogy concerned that many _
~variations or nodifications in detalls of deS|gn or
.construction :
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5 may be made wi thout departing fromthe present

i nvention. -SUBSTI TUTE SHEET (RULE 26) PCT/8G2005/000167
_PCT/.SG2005/ 000167 15 THE CLAIMS 1. A nethod of

synt hesi zi ng perovskite-type netal oxide conpounds,

the nmethod conprising: (a) form ng an aqueous

solution containing the reduired netal elements; . (b)

renovi ng the aqueous nedia to forma gel precursor;

arfe cCopgonbusti on pyrolyzing the gel precursor in the

presence of externally-supplied oxygen; wherein the

external | y-supplied oxygen is supplied through a

ndzz| e\ hefnd pisenthatidng eerpisidte-tygraheiah piisls sompaimds, imdettdde ge

peequsimor is a polymeric gel precursor. 2. A nmethod as

cl ai 'TB(Q) ' nfoﬁirr@'a%q%eo#mﬁ{ o%' ﬂrl&nﬂ?thgéhtﬁﬁmw éréh%%y of

oxyger, i S sel ect consi st1ng of. air,
oxygernenr FEREY ﬁ’ﬁ?‘i“e"uﬁmd'astﬁ%@i 45t Hre&'i'rfc‘{/ aure oxygen.

. 3. A (®et hesnbugdongyralyzing the behpregyfpordiviee nosbenes o pignally-supligd]
mhemmrn external | y-supplied oxygen is supplied at a

r at e a@:kr@rn Eh@ex@e?na%ﬂﬁpﬁéalokyﬁgn tﬁr&rg]? e%cat@& abbRAR!

I cursor an% ﬁh rla? recurs rs a D&% ri rs USt ' on

r% %? on' verodt eye ﬂ A’ ?ﬁg mgy @Ialned in any one
of clainms 1 to 3 wherein after (a) but before (b) at
| Bast Angthed selalried e ciain g aherein ¢ edtarial sogplyag@yden b selsdean t 0
t BEgraRLE Mg SOAdxigaRenrished A, SR LRASHIAF pid iR i n claim
4, wherein the conbustion results in signi ficant
depletlon of organic residuals. 6. A nethod as
ctai médrefnd "i?l"'é'f“ﬁ‘? anyoneq eRimY B 2 pREPReireiEurelse opese is
oupriied at 2 peeblatoiba eprijeisb as i sontooh et fkest omef reaciid intensity, and the
edchiplsenestciniaiatyet raacetic acid, citric acid, amoni.um
citrate, glycine, polyalcohol, polyanine and any
s | ubl e anlcs contai ni ng strong  chel

Inct PSP PATRYY s 900 oReiin 1o VRESLAG Gt T e Gh e
cﬂ“e #diuhie giganie chejatigg ageithie pésiedto ik aquaeys sdwigst e or.gani ¢
chelatlng agent lacks the ability to polynerize, a

= POR YiBRéd =8 Bbit&iTh c@eﬁrﬁ@ %éé?ﬁ thd &mﬁtﬁ% hsutSin sinitiBl; E\%Q’urﬁs

ny one of <l ains 7, wherein t
‘#ﬁgyEﬂ?g%gnts are inorganic and/or or gani c and

. selected fromthe group consisting of: chlorides,
$ul f oA msthodias taimdddssjaim £ortleimtspheren ¢ baib Srganic chelating agent

& dab @iy QivyidhadiRRiBiitaadi®sid, HTERH SlmaREtate, Wy GAY, AU
P&J;/Ic% 9{9}%‘!199 911]d %Zy solabqe organics contalning strung chelating functional groups.

7. A method as claimed in any one of elaims 4 to 6, whereln if the stable organic chelating
agent lacks the ability to polymerize, a co-polymerization precursor is added.

8. A method as claimed in any one of ¢laims 1'to 7, wherein the metal elements are
inorganic and/or organic and selected frem the graup consisting of: chlorides, sulfates, nitrates,
citrates, acefates, alpha-hydroxycarbonxylates.
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9. Anethod as clained in any one of clains 1 to 8,

wherein the aqueous solution is honpgenous. 1@®CIASG2005/000167
nmet hod as clained in any one of clains 1 to 8, wherein
during the formation of the gel precursor resultant

residual materials are transfornmed into a foany gel as

a result of polynerizatiof and partial deconposition

of the organic nmedia. 11. A nmethod as clained in any

‘ ?rggl OfA rﬁé!r%d gsdalmeaﬂar#%he (Whl?lmg go g.pv%?gip ﬁe aq%%nué gxgctﬁ%ﬁg?us
dF%’i”P?W%f’u on, and freeze drying. 12. A nethod as

claimed in cIa|n110 wherein the foany gel |Is further

hemt e fidthol & el any@8d of RERAS VoS OfhertiR ity theIbrmEtaRETRIgEION
p?{,g‘g, sX:Sf sﬁltanl%%lduﬁqﬁgialg Qrg P‘%\%fnﬁrl ?Inﬂ% a}nggﬁ,ﬂﬂ}é regﬂt% of

e ext erna oxygen
i Robympedzation pndpariy dﬁcﬂﬁ%‘g‘tnl%‘ﬁe UTERR s | 14 A rret hod as

claimed in any one of clainms 1 to 13, wherein the
prieV oickind dsyRimedi® ridlone dBhilE1 ©AURAMACIEM R 6f the aqueous

SM%QQ%% 4o t@fl éérbdgggun b Fe%ﬁfﬁae&tﬂkaml Qpy eeke%%b one

rane east one nenbrane sintered.
15. A nenbrane produced by the nethod as clained in
alty oAdaelpd asiclaimpgsin daim &0, wierein e Togmygel is e higated foyfgsm et al-
ogel geueo raodfstdonwhneitn gpropgar ed by the met hod of any one
of clainms Ito It . Anended Sheet | PEA/ AU
13. A method as claimed in any one of claims 1 to 12, whergin the external supply of

oxygen is started when combustion commences.

14, A methad as claimed in any one of claims 1 to 13, wherein the prevoskite type metal
oxide compounds are subsaequently calcined, pressed into 4l least one membrane, and the at .
least one membrane sintered.

15. A membrane produced by the method as claimed in any one of daims 1 to 14.

16. A pervoskite{ype metal oxide compound when prepared by the method of any one of
claims 1 to 18. :

Amended Sheet
TPEA/AU.



