Combustion Synthesis of Perovskite-type Metal Oxide
Conpound Field of the Invention This invention rel ates
woaodshesaenbust i on synt hesi s of perovskite-typecmsGadns000167
oxi de conmpound and refers particularly, though not
exclusively, to such a synthesis of perovskite-type
oxygen perneable materials using a conbustion nethod
where oxygen is introduced externally in the fina
stage to assist conbustion Background of the Invention
M xed ion el ectron conductive materials ("M ECM') have
been under attention due to their potentia
appl i cati @@niduisfioh sghtRdis 8f Perelsiifttype Mty ©xide Compound
separati on nmenbranes and partial/sel ective oxidation
‘of natural gas to produce syngas (hydrogen and carbon
nmonoxi de). The production of syngas is a way to
val oLi s, since this hydrogen rich gas
nlxtﬁréfggﬁggé% F?@ctly converted-into electricity by
solid oxide fuel cell ("SOFC') systens. Furthernore,
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conductgl vity and structural versatility, ABO3
8 ructure perovskite-type materials have been studied

ext eBackgrbiynd dfrtheinmentidbn a nunber of oxygen perneabl e

mat eri al s have been devel oped. The potenti al

appl i cati on of oxygen perneabl e erovsklte nmat er i a‘l l due
ynngcepnm'dQ]gqmoomon@ytn@ mnaerals € h?yqu?@ t&der attention due to
Cr Y Oggi ipbteRtial %thﬂildmh ,somahbﬁdb fmayceﬂame/gup stmaratbhomgfmbranes and
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' n' t f@%@g@ﬂ SR b@gﬁ{o{t&e Shigé @ﬁedﬂ? c@ﬁ%ﬂ&ﬁmﬂﬁélaﬁtﬂ&w/ Ibiy solieisoxide fuel
erovSkite nateri al

s u bs?ef"t( C?Fr%) sustegrs- Fyiherpye Asyg%/asssé nlaécg qu'el\rﬁ{\]eQRte fﬁr the production
OXV g6Mbdite hydregenoandf itsudownatsedno uaide@dﬂ@rqb@n@agwblcg qxre of growing

?b e ngew?}/og bolhled émle gﬂé{ %qvnloﬁ?;n@ﬁtaﬁ lggsdﬁ@tﬁ?g b Weilhﬁ(ﬁNrOWECM and

hani ca hase st abi |

It
st udduss tos h@m@p"gﬁaqtatyyy, (R?ﬁ?j‘ﬁ’@v'ga@p Ftﬁ}/clt%%l ‘,’@'%ﬁ% tg, A?ﬂ% structure
per oyshiskifo-§bs WidtstaRs Rdvebidentstudied gxteasively, ifiopr which] a number of

t hout [
\fN: uxoxlflg?{g)égreré%alg c ai%lgg ﬁévgg%%eéffion O?SE] ?ﬁéﬁgﬂ%?gh?igﬁlpphcauon of

on Bagy&tpameae peﬁwteqra@rlplem BXgRs prodiieion meéuegm'"f%}&rﬂ‘ﬁ building
At hege K Dskenkl ox9gergstiht PRisFeRBY Bave up to 46% of the total investment cost

and make it possible to compete with the traditional gas-reforming route.

Considerable progress has been made since Teraoka initiated systematic studies on
oxygen permeabilities of ABO3 perovskite materials by adjusting and substituting metal
30 ions on A or B sites. The highest oxygen permeation flux was found on
SrCog sFeo2035. 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 operation time was achieved on
35  BaysSrosCoosFeo20ss perovskite materials. Many other kinds of oxygen permeable
perovskite materials that employ large varieties of constitutional elements such as La,
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perovskite materials that enploy |arge varieties of

constitutional elenents such as La, Ca CulTi, Bi, Zr,
wol200shhsasd Ga etc have al so been tested and erarSGR@d/ 000167

consi der abl e oxygen perneabl e properties. Successf ul

preparati on of phase pure perovskite-type netal oxide

conpounds demands an extensive m xi ng of

constitutional nmetal elements to hi ghest honopgeneity,

no matter how many el ements Zand what ever precursor are

chosen. A nunber of synthesis routes with the idea of

hi ghly m xing the constitutional elenents have been

devel@ped, Tiosi, 2 K, B fidl G4 eth heRAIS! e festelizmd @kNibitedicolisiderable

i ncl udes sever L sentative nmethods such as

i e

sol i PEPAPEPE 'Gel casting, sol-gel,

sel f propagati on reaction, co-precipitation,

hydr @J&@ésgﬁli d?édé?étﬁh' bz @hééén parréd pEeUIMALBPe metal oxide compounds
deco%osn The tradi.t

ahi A ) e afle PEUREPER B g ore to highest
e ¢ hawomogérejty, rioxmettardtom mami eleméniaahd whateserecunoe gre chosen. A

used o bR dyRRbSs FifesPRIOMS idebr m@tﬁrn'\ idhg thec\&ﬁgﬁtéﬂohéﬂ, elements

the starting materials in the oxid /carbgl L oral
ni xed‘ai’%ﬁé?'hé?"ef"rﬁ’e? Her H@s@?@ﬁa' RIS N e "‘H?g’ iggludes severa
wet bairésemdtﬂ/e maethadfst eachiak | safig-stateh @eantiomr gell casting, sol-gel, self-

QB' g;%gaﬁﬁq rte%ﬁtlo'he%yl FddtatBal q’%&t@?\eh‘?al CéristdiRdtigNdnd compound

arn I's pr s can urther” repeated to
obt aldﬁc%@f&?'l“?'bnal hormgenel ty. Alternative nmethods can
al so be used. These include using soluble netal salts

i nst E@d gaéltlonggceragﬁla dﬁ%( ngﬁ]%we bk Fé?rgnte%%‘;r]e%ohaogt&@rﬂéa%tlon between

poly can under goe
gel caechanipali geiserlirrectalT exides/enr Q@ateﬁe hayrhegBr ugsdn g fpbricate the

9% apblb@dkRé nlt&&!ﬂﬁ@e@&hérﬁlly e etdiwig t?ét@rmidrtﬁe ?méarmate form are
CO- preci

Si nﬁw@ﬂgﬁq@?ﬁ; in WSI#glr%J;E raP?rg?psst GSY Blhw { lﬁa" ﬁﬁlﬁ? dl\fter milling, the
oxal atateribloisnealiainedi aidi the mrsulting imatgrie! @oﬁvsheﬁh ayl mifled again. This
corr ?l%Eeé%chH 8t ?drﬁ@ﬁreSéatS@fb%b’téW&ddﬂBﬁél hS}n@P&T&tﬁ Altéative methods

prec pltateISt en converted
per oF¥AEPGYEd e THES BT "lgosolh'blﬁé%‘?tg' 8% 'Bﬁﬁ%‘g‘éf infplible oxides.
bor Altaghateély, paganid poliﬁhersdcaaatm/magemaké a $lipstbatnwidetades a gel-

are E:J&%ﬁ 6£§%uﬁer el'hteggglvg gen%ﬂtdtf gﬁggggﬁrﬁéﬂeﬂé&i on

free. I'sS particu or o)
reacti ons, and the copr eC| p| tat| on net hod,
r es pﬁﬁ‘dtliléfe"p)bceaﬁ}é $Voives Sb@b@crbmﬁhi OThigTEinBiIhds  isRyto brecipitate

C 0- pgll\égl?aﬁlf?l.ﬂ) BQrf]'n ﬁg{)l’ﬁg%r in %‘er gnc?r o&grateafaﬁn Eo{}ﬁeld a precipitate

25e nocoptainiweths catriet| premrtions of constltutlonal elements The precipitate is then
converted to a crystallized perovskite 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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preci pitating agents. Anot her procedure involves the

sol -gel nethod, which utilizes the high soluble
wonopansdies of netal al koxi des in non-aqueous BOT/$6RE0S/000167

to achieve a high level mxing of constitutiona

el enents, and an additional hydrolyzing step nust be

i ncorporated into the process. There is another

approach that utilizes the chelating and

pol ymeri zation properties oB organic |ligands to

realize a nolecular-level mxing of elements and to

avoi d phase segregation. In practice, soluble
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sd| uwrepartigs &8 8&3[“9 "Q%Wéﬁg ;5%8"?%?@%[9%& ﬁ%glr mgana qmeﬁ%‘e{n?s and to
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6QM né:rphoq\gﬁgfo%ﬁ Zln n()igtu éollﬁloﬁ %ﬁalff@e@&lbﬁﬂm’i@ﬂ%wmenc gel that

eve
has baphibiredosstituire plsmgptsJieren iHing mghipiiae apd ey F%d)ﬁoportlons
Wien S%é&[lérﬁ hbéﬁﬁaﬁﬂﬁen@fs&eé’tﬁﬂeu he banhelfitha dgedict o mafertbe gorganic

h t )
mo;rlr) g&tgsgalcht prgstp@z a?ﬁ%@@éénaeftﬁ elfs)r m?agsrc e!xli:t%ﬁn%rﬁ]d reqrﬁga crystallizing

sel f phegeegare] my avaybUswérorhanT iies spligrsiaje gfepotign| route owmg to the
Y§)I aEA h%ulg“ @J]h&"{gorrpounds and | eaves an anorphous or

[ ze I norgani ¢ ash. Organic |igands serve both
as a chel ating agent that places netal atoms in highly
di sopdethed meomtt hasnemplayed switreskule selfraropagatig gembustion. When

T, Proght JaSiE| A doerdtay Cal RENCFRAE HRhgehcly charan 2ppropriae

ci ne
Ci t 1 btgaeici igardsimelal MHiEs 600 piAG. T L ugpgrgo @ seli-
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systens us nor e et al e
Pot agglpmll{up gc sg?l%eg LGRS 53318 gg fiﬂg%n@sss d’b@ bB’Meés a chelating
nmet hagbnmyataﬂmes anetalhalomy rie ﬁ@iysdlgy@iq;rg@ pgﬁlaor@aggd as a fuel that

sanp hl% vigad g+rh ﬂgtlorpéﬂeré}‘Tonaﬁéﬂt idd@éls’éi' rﬁﬁtﬁlliz&l(cﬁﬁﬁh@ hig=sitie may be one

LGlr)grﬁ%lgﬁeggcgm% lu?qrao g'ter}chogs WVP g{flﬂ%er Rjéqé %er}gétgpéaltg'?ﬁe without

25 exception, nitrates.

There are also combustion systems using one or more metal powders as the fuel.
Potassium perchlorate may be used as an oxidant. This method may shorten the
synthesis period and ease sample handling, but an additional purification step is

30 inevitable.

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 to great
differences in hydrothermal stability and solubility in alkaline media, only limited
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nmet hod uses a highly al kal i ne aqueous solution as a

crystallizing nedia in which all ingredients are added
wandsmwesdism xed until a hydrogel is fornmed. ThecCcT/SG2005/000167

hydrogel is then crystallized in an autocl ave heated

at 2000C or nore. After induction and crystallization

period the hydrogel transforns into perovskite

product. However, due to great differences in

hydrot hermal stability and &olubility in al kaline

media, only |limtedperovskite crystallization is

successful. A conpound deconposition procedure is used

| f aHaro &E@ gllygtgﬁlﬁé% BAls sﬁ@ée@gfuﬁtﬁpéﬂinﬂwﬁﬁg&oh{bogﬁbn procedure is used
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not gW 8ce te the synthesiis of nune QUS. - roducts.
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by i F&‘f &/@ﬁ'b@gn&@& r@%@%sé@fe &V&QéHl&llddnGQHGkS a f3ulg the introduced

[ gsf @pﬁai, ntg%ela lr;tﬁeglcl)'nlsﬁfgcner}t Heﬁ‘u(ﬁy gnantz{a ﬂéeilfe f hd tﬁéc'rgfof'é &'e%h'nbustlon
C ombugistonns tintassrosldesing ok drothirgnpekss.| ﬁ'@lsorpswlisd@ igi flygfy and sticky
Bsr ocee%?gel Hbdﬁctr eﬁ*é[)t (ﬁle tG |t'§1 bﬁikg%d sfRY ndifubes e xePsfRPBloduct is not

stlc nat u
xer ogasily b?'@ﬂi&ﬂ:[ﬂ thg sHlastqu%{g ,cplym%%qoq)rgﬁesls ﬁll'f%{tpélrns St the vlaﬁjmmous
subsggpdic toak Qb Naive @MUl duvelBsed herbvakite stsuaire. Infreducing an extra

por oAt EsSPMERL M ENRD ek Rl LS ool O BRSrostore the

n extra oxi
S Up péeff-prenagating-HAmaBistiona puy éwdi alao dreragy Sﬁe?rgaeeg,ﬁ@h well before a

%al %@taﬁm pbf?ﬁlbﬁé raBRork @brhrsp hEPRi at forny aoeetibangtaliaad perovskite
al so degrade the organic fuel well before
%rntlal pol ynmeric framework forms, nor will it
forn1a wel | crystallized perovskite phase. Summary of
the dance with a first preferred
aspecW?'ﬁé)r%qpénB@g@%ed a net hod of synthesi zing
perovskite-type netal oxide conmpounds, the nethod

ﬁlo l”ﬂﬁ 'aééd?«%ncé Ath B@FsThreg:ra aama:bemu& is plovitieda method af s\inthgsizing
all re

medi PErq sl(lfeoty?ﬁ QG%L?XIJDG cggnlﬁ)?)é%ds (R n{fm%n@nélﬁﬁ aqueous

(a) forming an aqueous solution containing all required metal elements;
(b) removing the aqueous media to form a gel precursor; and
(c) combustion pyrolyzing the gel precursor in the presence of externally-

30  supplied oxygen.

The externally-supplied oxygen may be supplied through a nozzle located above the

gel 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 to be controlled so as to contro! at least
one of combustion reaction intensity, and the combustion reaction velocity.
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(c) conbustion pyrolyzing the gel precursor in the
presence of externallysupplied oxygen. The
wext@rnsdiBy- suppl i ed oxygen may be supplied thpougb2@s/000167
nozzl e | ocated above the gel precursor. The ge
precursor is preferably a polyneric gel precursor. The
external supply of oxygen may be air, oxygen enriched
air, or substantially pure oxygen; and may be supplied
at arate able to be controlPled so as to control at
| east one of conbustion reaction intensity, and the
conbustion reaction velocity. Afiter (a) but before (b)
at | east one sol uble organic chelating agent may be

addedatiep (d) bt BIste qbPatIdstbhOSblubtid g8Hid Bhdfating I%?ent may be added to
st dfih Paveots Sollch, sterisPl e coxtihur e Ry ge Herfegitepieton of

one arganigr eesigfials.et Thel solehle arganist ehelatiog epérd raayi e one or more of:

C'St r '%ﬁﬁéﬂamﬁ@@f?&‘éc@m leB réﬂrﬁ’acgj WRinitRiun? elsi) E;%ﬁé polyalcohol
ne. and sol ub ani.cs containjn

P el ZOMAGnE de 3h oI Prsipes Saeiting SegharnBlefe Bitriendl oroups.
chel #itd steplagegaticlchelating dgentlbesi thy ability opolymaerize.ca c@-polymerlzatlon

CO- PQLIRES A& bPSudegecur sor may be added. The netal
el ements may be one or nore of: chlorides, sulfates,
nitrates, citrates, acetates,

ab ph&hémywbmmwdm may| ket @ss oamdre 6o lchlatides, aulfhted garates, citrates,

Th Ty h
o SRRl ORS00 U BRnkl o oo sausous
mat eFelos rn%wb%éow@m@%r RuENg fhedomnation 1 thgege! fpsecyrsor, resultant

res u+ets;deé| méﬁa@mw Bé ltr@ﬁlsfor&ﬁd nﬂ@ tifbavhy G4 @8 EResiit dr@olyRkrization,
t he orpa , aqueous nmedi a may be

of
by one ot 'aﬁ% m&o S"'°é‘v‘5§3‘}? Oe{?anéc m% ‘heat i ng,
tstillation, and freeze drying. The foany gel may be
f urt Reho2eat @u@ éq@e&@rrﬁé&i‘ fhad Bk Wr&l@lﬁr%ﬁ)&e oﬂkﬁlaﬁéﬂéﬁfnrw heating,

connuion” SHEFReR ans. eonts ailraey B MLSC bifdesL oo the oo

may wedhssgudhe| gxteraalc aup:pl)nenﬂ oxfypes Sealy ibet otagitd | wibest combustion
one &ﬁﬂh&@gﬁ, and the at |east one nenbrane sintered.
According to a second preferred aspect there is

¥ ovi ded a menbrane produced by the above nethod; and

a PeTheqaétoskitet tyemetal axidOsoniiuadipay Bebselwshtip be ralkiagd, pressed
by t;hy ﬁggﬁ‘g%?gﬁmﬁn\%ﬂaneBgad‘%ﬁe RS brPet,hé’rﬂbr%E gp{gﬁg awi ngs

I n or resent |nven
under st ood and readlly put into

According to a second preferred aspect there 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 description 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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practical effect, there shall now be described by way

of non-limtative exanple only preferred enbodi nents
wohodshesqsesent invention, the description bei RGTSGRIVS/000167

reference to the acconpanying illustrative draw ngs.

In the drawings: Figure 1 is a schematic view of a

conbustion synthesis apparatus; Figure 2 is a schenmatic

di agram of oxygen perneation test experinental set up;

Figure 3 is a roomtenperatiére XRD patterns show ng

phase devel opnent of sanples prepared fromdifferent

conbust i on synthesi s nethods: (a) as-synthesized

powd up;

57 e ot gl IARA B oS oI Bbneng ot

i ndi diauee 3 iscropsryieEReralyyERP pattares showingiPhask fayelopmgl ok samples
4 | s Regariiih dfeteMfcomblétiohCymhads hethodsbet ween (a) the

EDTA/ Citratel/nit rﬁet ﬁg eli]StI on sanple and (b) the

Conpl ex |onf‘f:8¥ﬂ§ npl e; Figure 5 shows SEM

i hages @) di s@gn%dwem@err@ﬁﬁﬁaﬁé@wﬁrepared fromthe

EDTA Ci ¢ c?at e&ibletdcdisosC P1UDEY houfs; Bladvalude after ECN indicate free oxygen:
Conmpl exat i on/ Conmbuysti 0 t hods; and Figure 6 is a

Conpari son of' 89'93"5’51 @Fﬁ Stion flux between the

EDTAFRGute &ised dbrapagisen gbwgspmﬁofm betiyeen (a) the EDTA/Cntratelnltrates

CO”p'cSPﬁ%étngﬁ‘égﬁﬂQ W&d [ Ehmm%tlon]—(ﬂﬁn&@hmnﬂﬂe oxygen
as was standard (igat 25C_ a

SRS on SHPvR ey EgPT f BBGHPHL ATEMRPLE) gured fom the
a comEnraiGieate/Nistateoebritostiquramg drei Canpiexationd&omeuston methafls and

by n&tﬁuf&% {s Ceﬁéﬁ%awsorL bﬂﬁ(%bn’i%ﬁﬁ% bn ﬁméérhhé E@WNCltrate/Nltrate

usi ng-alr as an oxid ost t he
= s SRTBIRoR SRS GO U g MEpSRye YRR ofpyoen 8o
or ewes sBRdardixéda2biRatsiidist ance is present during gel
ndensation and polymerization. Therefore, the
| ecul ar-1evel m xed precursor gel structure is well
pr es Betaded Peswinsiop@itthesPrefaredfralodimar®.  Once the gel
is ignited, oxygen is supplled external ly and
cont i nuous| This is usef I n_numer ous
per olSROP %)ﬁo " 5‘?&'8@ f @Uﬂ%gerﬁ‘rlsek'tgr'%%te"als by making the
espeiesd- Iugandﬁxemgamanbueﬁmm using avoRndiar EXEdENEFETT Pdant to boost
BE' O %kéu'b?e Eﬁtuiéfrﬁfu@ﬁonarlr? ttﬁ@% re?fci)we;raﬁaogﬁft' sfabd &\ﬁen no, oxidative
[

Su IS ov ext er nal I nt r
COﬁF pqm@ngepéﬁ present during gel conden ation an Fyme%za%on O'}%erefore the

molecular-level mixed precursor gel structure is well preserved before combustion
takes place. Once the gel is ignited, oxygen is supplied externally and continuously.
This is useful in numerous perovskite-type metal oxide compounds preparation,
25  especially when multi-element or non-stoichiometric perovskite structures are

required.

The oxidative supply is provided externally by introducing 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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enriched air or pure oxygen froma nozzle to sustain

and boost conbustion of the polyneric gel. This
wOhRoesaasa8 or sets all the.-constitutional el enearsGRovs/000167

the correct proportion for a desired perovskite

structure. By pure oxygen is nmeant commercially

avai | abl e "pure"” oxygen. This may not be 100% pure. By

usi ng a conbi nation of the solid gel synthesis nethod

and sel f-propagati ng conbustion synthesis to prepare a

| arge variety of perovskite-type netal oxide conpounds

several advantages may result:1. a | arge range of

perovskite typg g@[aa,lra &,Xbid o\y‘sﬂﬁb %enﬁ&ﬂ%)ﬁﬂasafanrﬂ’eaﬁepared as
pure products en ?

%/ %ﬁﬁ fﬂ?ﬂ gnt am nati on;
2.t bieasepHISPERdusts 9sReRlydthpY PRBsECORBRINAP apl e as t he
oxi dat i vezsupplme édnetiusiioh proesss tipmoter eonyrbliablenas the pxidptive supply

pol y{ﬁg{;iﬁcug% oh‘ tlQJBoFggﬁc R& Hgﬁé(frélﬁe\%rﬁ @F (h%Qfer@@kltel @ecursor

pr ov ] us t he externa . ]
& r/mdygewmﬁd. aal% r?b@f’@s'&wg‘@ reernd); 3 émﬁy%?néenncl%ed air/pure
| easpyygaereating Rite, 0 IHaussHem tHeaatbustioniredctins intepsignand velocity are

vel og |%\¥7% E?r ?%'%Bb%dd{] Q{apa‘la‘\cg At Al of Jerofsiite ppdiaBtidntten@@dhe heat

of p@l? Ion rate and the heat tol erance
of t folerarma of the manifagiufiegfecility\@ndand 3. as the
conmbustiog is gglﬂg@)&iyﬂﬂsﬁdh |$)6(ﬁféi&ﬁ6@mqfre®nn®ofea beerthan adequate

B orprapu s Db ol & AGHASHPLBMES of Sroanic resicusl

assi Slﬁns asdists npmmwln@ prpndmd pgmty pm gqa};tyalﬁﬂthaﬁtéqrg,ttg;ere is a lowering of
Furt et 0 ekpankiR 'of tﬁeS F@cur@&ﬁffdld’ﬁ@n Qlrrinepbvsperatiorpaineé tass bubbling

|0fe Sgtaggpgéggqﬁéssg ré(p@élg m'gfog ogg é{g %85%?%}%561‘11&&0% Qreater mass of

oxi dadrbueRitcigrgduntiait abla to Hehwrepsred per uait yoleme ef a fpgstionypssel.
gserovsklte products is able to be prepared per unit

ol une of a reaction vessel. The process conprises
t hr eBhespregess camprisgp RS8R aqueous sol ution cont ai nin
all requi rec#o.mia.ﬁgﬁén suesmEdotitio? containing alhrgavited regialelaments:

diato f f
Contustd on_ IyPRSEaaFRlS §pie P Tord By Akuinkor (BMerciakle: ane

presenc® of qmbeetmnawf@%eﬁe g5t @restiser g\ﬁp?ﬂe?%'ﬁe of molecular

sxternal |y tdeougbrefordiiZsiipplied Baerrally hitoughmtnozdle.t he
process involves the dissolution of all consti t ut| onal

metal salts in an appropriate solvent, prefera %QJ | salts i
di stThd fast part ddicoprbeesd iwalves thetckﬁsp!ut«qnqdi&ﬁﬁ?é'&ﬂ’ﬁ'e | getal salts in

SO' u&} Qbbro Yl?{eygoggntsﬁrje#épéb?y J&iiéd orslonizes Water,as fdnara homogeneous

cﬂw falesy t{oat xeaS e chloz%e%ssulfates nitrates,
acet%ﬂl‘é@n Harpmasw*d? gielAl s#l E@’Hﬁ'}/? Eexampley I'NoT g

2Nd girgtad)i feetalBBY alpBa-hydroxycarbonxylates, and inorganic and organlc may be

used to prepare the mixed solution provided there is no precipitation during mixing.

The 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 introduced to stabilize the metal ions to prevent

30 precipitation. Most preferably, ethylenediaminetetraacetic 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 ability to polymerize, some co-polymerization

precursor may need to be added.

35
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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used to prepare the m xed solution provided there is

no precipitation during m xing. The types and anounts
woho@ilhisagarting netal salts are determ ned byPCisG2005/000167

conposition of the desired perovskite phase. \Wen the

di ssolution is conplete, one or nore sol uble organic

chel ating agents are introduced to stabilize the netal

ions to prevent precipitation. Mst preferably,

et hyi enedi am netetraacetic @cid, citric acid, anmoni um

citrate, glycine, polyal cohol, polyam ne and any

sol ubl e organi cs contai ning strong chel ati ng

f “”Cflﬂyﬁﬁa%n@ N ke, THYY shi@ionSAedd n fiey Mirst fpertsherbines thicker upon
met a

t he wdpgﬁlg,g t %n%g:tr%ﬁ[gﬂﬁ%ét reglg% mater%a%aegg %r?{léggrheg ﬁﬁ&a foamy gel
pr ecad a@onsamyenvead polmg@am@uﬁ partia dp@qﬁﬂpﬁlﬁ@l’l ofsthe H@amc media.

aquepUsg %’E@ alethé B8 c%ﬁ{bgﬁd)leoﬁréhoaﬁ HelTarthir Geated tagspldie excess
per f or me any _convent ég%i % dure such as, for

ei/apfﬁ?%%Q'Yﬂ'i‘ “'H'f‘s‘,f i Pigel GRAT M$8yi ng, and the
|i ke. The solution made i n the first part becones
thi Cg sp&pr?r}\ ?fa[}.%e{‘%hé‘ gomgdsﬂécll byroly5i§ df Qﬁw{tﬁrdrpbrt of the process is

;ei om@q@@ﬁg&dé&e%wﬁ%w{é g%sgﬁsea‘ﬁgthﬁta‘?? 11'?3 ﬁ W pagte ! If Retessary,

decofe@hhirédge! af riah &e atganilatechardi relocated intanothepvasa®l el he vessel
t ne g(‘f @agg{rﬁggﬁotultdbée inett o ﬁ!&%&l gn@%lrfdkfdabcﬁf B&@éllﬂﬁtet @lass “Pyrex’,

ree solvent unti| a
c har fueed gitida, neargheleminaczircowa, PREFRIFIN 9{ qgr nlﬂneenfme el metal, and like

COWbMége'ane Ry 6 M§dd3 B@ihg hested hinoh‘dtt'pardttomfﬂt biea heipleéss 46, andlor
is prefera ed in 4he ab .
of tW@res‘é‘?f‘(‘fﬁ'é lﬁlg?{p %R bl b@gr‘q%h ﬁelhe %Qar?b‘é! delﬁ is easily

ecessar arredg f applied
may igante&icc@ndaa‘teeda-aﬁﬁ (els) gogeR ETYiRhes aRAY HEFe POEsh) s app

she é!)&é—ggll y. HFOndTBARiusfig, %hé}kﬂdd?évﬂzlbyﬂdwmg)thtdmgh @alozze @0 placed

air ation. Borosillcate ass "Pyrex", fused
si | i ekeve fipgd 12,' al um na, zi rconi a, porcelain or
porcel ain enanel ed netal, and |ike materials may be

usedq B8l ddn *b%@&&% fuiom tfrlaﬁl tHét fgﬂﬁhé-‘bow and h@tr’plhatbe the gel 12

égs l{?egqoms redh gcstc cﬁ\ggr\r/ % gclarg)g}of 140 6§ ngxététﬁ )?ggendlilu? g%?e 8&1 nfhass and

£i dgdd ’l/@ﬂélﬂ$at&8co(rrﬂiu§tlon0MU’ @mish end iyielteah ashy roedustyr @ompared with
oxyg?oé& 'aE’Pg]ng doc{j %e%gt%&alﬂi]eyco%bug% ﬁemérb rﬂngCh more compact

char OW ng t roug%qa nozzl e 20

abovand hen- gt(ﬂky,llg is algeribgaeficigh thad argp%qgr 4) P18lfﬁ ?t}]en better
' g ni ér%éighz(ég'tﬁﬁn &H%nhéhd%rﬁﬂlﬁ&ﬁ lr’ﬁhﬁv@ﬂbxy@éh shmmeat@s i algp observed

fter a erlo es, dependi ng on
the Yring tﬁgggro Ee" 'équ[ g{X/ '3 é)Cégcsorrbustl on will

4si ni sh and yield an ashy product. Conpared with

Example |
Perovskite-type metal oxide material preparation

This example is for a procedure for the synthesis of Bag 5Sr0sC00.sF€0203.5 perovskite-
type metal oxide compound and several comparative samples from known methods.

30
Ba(NOs), (Merck, 99%), Sr(NOs). (Riedel-deHaen, 99%), Co(NO3),.6H,0 (Riedel-

deHaen, 99%), Fe(NO;3)s.9H,0 (Merck, 99%), EDTA
(EthyleneDiamineTetraaceticAcid, Lancaster, 99%), citric acid (Merck, 99.5%),
glycine(Merck, 99.7%), glycerol (Lancaster, 99+%) and NH3.HO (25% wi, Merck)

35  were used as starting materials.
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conventional production nmethods, the conbustion

products are nuch nore conpact and non-sticky, it is
wabhew/henefici al that the ashy products are nopeTsGR@s/000167

better crystallized than conventional products.

| mproved oxygen perneation is also observed using the

perovskite material nmade by this process. Exanple |

Perovskite-type nmetal oxide nmaterial preparation This

exanple is for a procedure for the synthesis of

Bao. sSro. sCo0. 8Feo. 2q 3 perovskitetype netal oxide

conpound and several conparative sanples from known

nmet hods. Ba(NO 3)2 (Merck, 99%, Sr(NO 3)2

(Ri edel -deHaen, 99%, Co(NO3)2.6H20 (R edel deHaen,

99%, Fe(NGOB)3.9H20 (Merck, 99%, EDTA ) . A

( Et hyRegnieddl ambured ©f BadN@d)i et EBTALRavISs were digelyed in an aqueous

C: tr ia?nrﬁ&i('{sélmtctl& stiﬂ% @g@il, th8 Eﬁmi&ﬁﬁb/%blékn OQ%IIY%ssolvedeaqueous
gl ycerol ancast er, 99+ a .
Wit e sqlien agntgwastrﬁwgregrm%%"% o SonE R e
of BafdNoRd@edardulfiglin p trakparent cad diess o\{ima.e@dis,qlua?p. Citric acid was
aquUeOBe /MR bﬁrgi&nﬁkﬁogﬁaﬁéﬂ‘oﬁﬁihé I th@Omidiiré | tot BR opaque brown-red

sol ut9on was f y di ssol ved aqyeaus i .
cont a‘umqnpgiope ME}"/E QAUEPHS APENQpa L(twaﬁ ?rlf{ro%ucedsé%ﬁlby-&%p until a

Co( NGRYZpH5 bR viea(ERYE!. IR thersuspeidiou beeasud aiclegr fpppawine-red

transparent an 136" U190 tot& rhéthiGwarC3.0t 1.0: 1.0. No

vids a{%@&j%ﬁ& V%S%g%ﬁ}p%@ _,f CF '?caﬁ(gétj (L)ér mn ’ e nl1 th ur e 4.9 heated

an optteecih poamexcess aNBPRA SPlion wasadiely JBB §EUIIIET: ‘A

sol Uty gia BiBRerl 10t roGhy GRGIaEks OF with itk aip supplyi iozzle 2D reatengad from the
was, achi eved., Then the suspensi on becane a

of 6.5
cl earOR @B S"WNHRFIOS Lol our. The overall nolar ratio of
citric acid: EDTA: total netal was 3.0: 1.0: 1.0. No

;{Et MG 8ipHraBbn FRocBEdRS theA BB beEINY viseousaandadekepd black-brown.
e sol ution was

t hen heated in the e .
hot plVéfen the t%lthlupﬁg‘nagibFe% []%Hf?j to She fﬁgﬁgﬁﬁsel)ﬂ(n?eg ﬁrgltejgnla, the 'solutlon
f r omstdned ttofirotiasind ppattiayn clitinged do 1 foagye blaplo<aropgln Heating was
procegded. 4 {6, Aol &Lér% ?@ CEMR oV ichifot Sedidid! flé€Wwater. The charred
bl acKBr own. W@n the total volu had, been_r e
one fefoghl was thes quig-ignied fag HifePotok 3 Bf &{ri%no?(gqégr%ghg 18 was
b f gt ifledcasib@tiby comargest to aa thozssipt combuskon. The xerogel
xerogel , Heatin ' rt Bkstibh1 v leted
gel , %8W8“i‘%°af@ﬂé@ogg‘?’e@?‘%daﬂ“??deééeﬁn’@? er ﬂ?érl'tff_hcﬁgr r eg ° :Omz:nz
x er ogthini&smintten resultieg. ingritlackd PSRy egidugd ot F'S SFample s sybsequently
Or  OXY&RdRHBR LY (dSmM@&tion combustion) sample.

25 Four comparative samples, using the conventional (EDTA/citrate)/nitrate (ECN)
combustion route with two different oxygen/fuel molar ratios, Glycine/nitrate (GN) and
Glycerol/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 oxygen/fuel 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 until almost all the free water
was removed and auto-ignition began. The combustion reaction was completed in one

35  minute for the ECN sample, while the GN and GIN samples completed the combustion

in seconds.
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initiated when conmbusti on conmenced so as to assi st
conbustion. The xerogel conbusted rapidly, and gl owed
wonesndsagent | y. The conmbusti on was conpl et ed RCTSGR005H00167
m nutes resulting in a black, powdery residual. This

sanpl e is subsequently preferred to as CC

(conpl exation conbustion) sanple. Four conparative

sanpl es, using the conventional (EDTA/citrate)/nitrate
(ECN) combustion route withl@wo different oxygen/fuel
nolar ratios, Aycine/nitrate (G\Y) and

A ycerol/nitrate (G N) conbustion routes, were al so

rrade.EEx'gpglé_:'pN sanpl es have the sane EDTA/citric

aci d/ tal ratio as the above-nention

met hdigrovsiite-tednetaldde 'Rﬁﬁfrk?disc'?&ﬁ%” : Et""{“g ?aﬂaaﬁ?‘e_d tQ

make tHpe ekarfgle O yofe e pedcedati for anakings Gne rcharapterizipg rdisk-shaped

the GV and A Nns gg%l/%(ﬁe gﬂ?ﬁ%%&iu“ﬂ%ﬂ\@&o aoqthod beExample
a

met al AT Fates Ser ve e sol e oxygen, donor
o .08 oy @ansitRsP sraemSTRARSKEL0P 4F Tt S Riyog ormesbiltes
adj UStERDLE aNarSENTRESulS aré o Enzhetl @ dve Exthepexpigation of some
t he ECN sanpl e, e i, i agion.

8%?@88 %ﬂﬁ% B%rjé?%@g IidleriitRade®ly thd @ient i on

wer e ‘EUHB es until alnost all the free

wat er was renoved and auto-ignition began. The

COMDUSH br@hréEAEHdeR i Exaipl Bived daltirer et 5 1€ dorf phours and well
the ECN sapple, whj|e the h& StHe@ Witk& iR pressed
t e %W%Q?Sﬁ?? méga%thﬂge"ﬁﬁ'géﬂﬁgﬁ%%ﬁﬁ%@ﬁ 9 gxamalb[s et die
|| Peinto\diskishaperympembranes ingx 1@I@ nifad-grstajplgss steel vacuumable peleh
char ag} Ahiefrfiérl R @48 Ulek 407 paSof Gscatnb eam spradsuteh dhe disc-
procedure for maki'ng and character : 1100°C for §
nenbréaead 'F?'B'Pf\aﬂ%sr‘%%&?f OB\ §urb§<%egkggg%é§g§%r LT
to t hpursiihedanb réx afffiCepet minute.fBaferp die RegRELgR test e disc-shape
exper i ment al 866-gfitleei ¥Ea6 have a 2.00mm consistency in
pér ne'g%T?eﬁng%%.%%%B%&& anngEMere‘ssalﬁ)I ts are al so

f ur nitbibkkngss-o gi ve further explanation of sone uni que
properties of the perovskite material made by the

ver o APUPHERP apser) M CRFERRdIA KRR ST L5 00 Seembied

wer e ours and well m xed .

wi £ o975 B0 o Thg IceEMiEFi6s 20 Bieh deiniee; a one i ieg end of inner

P@e% %ﬁftug@ b4 €|§r§ﬁﬁh éd&taﬁr . %csémeﬂnmﬁﬁ\gg tq figllycover the
.0 imi.d, stain]ess steel v e i ifnes i

(1 nt evdsael ghitp dse ttglpr?_vngeand negigér;J %%ef\/p-g%lo%f%ikgo liag%rme? K:;

ram pres sfitie. dishievadi lspt sh HA8d cme rdyied neogrfessed ﬁlrnf AL e rate

ina %%/mfinu r:ﬂ'ﬁcﬁgl( L RO REIRImBYdo0ob% R 124 14t0He Gafeo of 80ml/min, were

introduced into the upstream 25 and purge side 25 of the membrane, respectively.
25  The temperature was raised gradually from ambient 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, the
effluent gas from purge side 26 was analyzed. Subsequent test points were

performed at 50 °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
gravimetric behavior was investigated by thermal gravimetric analysis (TGA) and
differential scanning calorimetry (DSC) in air (1 20ml/min) with heating rate of 10 °C
35  /min. Scanning electron microscopy was used to study the morphology of the sintered
discs 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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hours with a ranp rate of 2CC per mnute. Before the
perneation test, the disc-shaped nenbers were polished
wo2003g1800-grit enery papers to have a 2. 00nm PCT/SG2005/000167
consi stency in thickness. An oxygen perneation test
was performed in a vertical split tube furnace
assenbl ed shown in Figure 2. The ceram c disc 20 was
nount ed on one polished end of inner quartz tube 2 1
by a ceram c seal ant 22. Ex&ess seal ant 22 was used to
fully cover the sidewall of the disc 20 to prevent any
edge | eakage. The effective inner perneation area of
the disc was kept at 0.80 cnR. Dried conpressed air 23

?tggt S@g&%i@&ﬁs&@% P%{eén gxgtr%'o%q %:éréﬁ\%ée:@rqn!iln?] ﬁnt coglbustlon-
into éyhleesmstm&tbmm 25 arigingd ipogelersi chalced afowdges and sintered discs,
rrerrbrrtheebm)];e&g n%(‘-! Sbeh frc;m i gbn"e‘@(% %Hélﬁaé%tl‘fe@i’z&ﬁﬁbwders share a

gr adua I ent and er
| t5 Wag)n'tnmrgrwfé'aﬂchor@% amng{zg fjﬁge? gvvgttr&ﬁ? 2 669 f'arﬂ be assigned
Af t erasddmixed bafunytdritiuinzattiooate phiee. &f 39 d@neengtp reflestions indicate

by : getBee P%%el‘?rﬁg m S%H%eéﬁ? ?has@y e ﬁi%@ beéllﬂﬂn d?(ﬂien e calcination of

r W sel

st abith¢ agsyndhesieeghpoviders W@dq gttcnﬁéﬁ lize t%wﬁﬂés( ﬁg p]equ%hne phase, with
t en”pQﬁélb@rs%n{%@ Q@\A)@@Qh@@tmﬁéeﬁtayﬂeﬂ;érf r Bath dimeGIN and GN samples are

( assy ﬁF‘h g%qr%DSZ ap %% \’\)ﬁro%slyt% Gaug ? %kg)%ggbrf ¥s %H&N.P{r}fﬁga @ﬁ) The calcined

ers an
as- s ynowHersif BEIN-p30udth en ingieasad freg P’&@P?f@{e} fatio gaympeoser crystallinity

was 'dd?,}(:fgﬁlbhrgt@tt@@law:tﬁ Qm{‘reﬂéﬁgémﬁblrrhm EGN-g 46} CAlEGAY GIN and
and differential ann a

( 1200 H?Vﬁé%f SWETR 1% gf?%@qpéi f%) t%ﬁgﬁ@r &r%tﬁi'irf tY As shown in
el ectfigue B(Q)r after spyeringsat 1$eQ°G ﬂi‘esi'ﬂSFc%Q derwetBerpHbe 8&W°Wde' was
9fs ¢ rb%tte?r' c?;tr @eﬂf%gd %aﬁﬁﬁlog@derﬁ% o !hmmgowdlé?@ THROXRD main peak

\% u[ h a}ré&sgy at@éﬂoqlelg?q?ei@g??&ﬁ%? (t(? algg is c/f ?rg#ﬁéofe% { rgr?ée‘? g‘lan those of

di SCSE.CNKM@ ahd E0NY70vEiscs] oespedtivglyr EheSECHGVED dlmgwm]pt chosen for
pam) Th ng h%]ﬁe%ﬁ&p egf alli dt§ chshidd Ql'f@r%'tﬁ fsg ﬁi%hfﬁment to withstand
conbust P8

cal cumwnsomercgnm ion EoRtAta6e ik Xt skEE) WeiP, auife, solid and

Ggh R@presedlef rom Figure 3 (a) that all as- synthe3|zed
powders share a common group of reflections at around

25 degree (two theta), which can be assigned as

m xed smple oethodrveay to unix censtitienekelpmene thomuggy fef e@?'é"ébpem"s‘“te

t Ee I %tﬁé:s%t i5 %‘%lsb&gé Fﬁg Refah8altd rlﬁﬁ\%@é‘f%o@ély W 8 celutian abfstunately,
D saowsao A e LD DB AR oSbaton et
pevanbflgifférast rpesaldorskivhean thh asletionis sihwly heat@andensgH By adding organic
ShOWII ga%dg Gt S ﬂ%%&orﬂﬁ&uﬁf&rb% (-8At N hec&dLy, aRrcmédl ions are
captured and protected by the organic media to keep the metal ions in solution. As a
result, the extent of phase segregation is minimized even if the solvent is completely
removed. The more uniform the constitutional elements in as-synthesized powders,

30 the less the diffusion barrier is for heat-induced perovskite crystallization.

The GIN and GN products’ being poorly crystallized may result from an insufficient
dose of organic ligands. For ECN samples, the loss of crystallinity and the rise of
phase impurity may be attributed to the untimely oxidative attack on the organic
35 ligands by NH4NO;. By comparing the ECN-0.70 with ECN-0.46 samples, it is found
that the addition of increased amount of NH,NO; results in more deterioration of

succeeding phase crystallinity and purity of as-synthesized powers. However, higher
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the poorest at the perovskite main peak position, as

shown in Fig.3 (b). The cal ci ned powder of ECN-0.70
wonods/1asis ncr eased free oxygen/fuel ratio gaverPpoSG2I05/000167

crystallinity as conpared to that with a lower free

oxygen/fuel ratio (ECN-0.46). Calcined G N and GN

powders were not used to nmake discs due to their poor

crystallinity. As shown in Figure 3 (c), after

sintering at 1100 C the dis&220 derived fromthe CC

powder was better crystallized than those derived from

the ECN powders. The XRD main peak intensity at 31.7

dtegr Jta'ilérﬁ& ah@ rleés%a@cghtﬁﬁmbgoéﬂa%b@rkibtéh’iégi fg/q)repared by the CC
str on er LSCS,

r espé Buiey &f &ﬂe ﬁ%‘gs E@N— S0 EP AtHO g Yolg oatt the, Al SP0E” extemally and
oXy geseppretaiye althisonay ®sintairetbe ratis ofrisesheiybemio fuel irethg Precyggar solution
i ns Ufaft'ac}n%uﬁ1 %OV\ést fshardul ks b krfégcodﬂféﬁ?]ﬁdt&étof okd¥ic ligands.

ECN- 0. 46 and CC di scs wer
urbr é\gﬁa‘gmhée t!a‘e é)g(yﬂ?p es'u?;gl? ﬁgaﬂsfﬁgg:op%uﬂog SORS F‘? Pwﬁognsqbstantlally
el emesnnssttt argantphleyidials. # alfoveipspe sbrinik ihe evolsynindye gekto a smaller

Isgl Ltc‘llog}ﬁr?éstﬂgt;/fgcﬁtlé‘l@s Fﬁh@ét tré t. '?‘Qm%iﬁé?%héﬁtdtlﬁnéi metal ions to be

ortuna ase se at i R} \Nﬁ‘}/ ble to be
occurigtragiyeed & ?h‘lﬁs&"F‘Pérp@fﬂ"SQ@I ﬂ ”ir /A% fR49 as they are able 1o
hydr Qio):hb&kéd) By basis ligdnddydef miyeret preeurabrsj the CGuvate is lapplicable and

Slgl Ut t#getoﬁé %%r%s%ﬁ@ém&gﬂgﬁ 36dnd %Vod@gtcﬂuﬂ%_ organi ¢

n con‘p exi ng groups - NH2,
COO) the netal ions are captured and protect ed by
t he Gigipdi QuskRdéstnk @sloafm Ttdrecuradsalf theOBGNOM6smd G awsynthesized

’rAﬁS ma r,ﬁi,e %lstlo g%ﬁg%-?le ent. ? os.p F‘Qg‘eg weré 5?&%&1@%} toth ECIé—O 46 and CC

V en
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3§- ?Bb H@é'to?%ﬁgda%wé@ia@als t fife k&SRd tast?cldtlbﬁﬁumeom@@srmesmc and
is for heat-in stal lizati

G N B  BliE e P R SO AP e PR b opggponding to the
r es uldecdnipmsitiom of watbbhiates shen dhes perofskite gmﬁtadlzﬂitlog Hvayrs to release
For %gf}I Wa?e% wnfhhtﬁe E@ﬁls() & sé?r‘dl'esttiﬁal i rétﬂhén?xt%@ of iR CC sample is

[l se or‘rg le 0p Ah gut & d nic residuals
unt i fexfey (%&lvda?( é"”%ﬁht indl t%ﬁwthlah@eoq mathed *?Lﬁ%\%afé o
b4 Nefre B’ﬁcnétﬁtm) ahé pectdseof BENcBontDstep whighi@déstoriBe CC sample stops

sanpl e rb)]gm M%Q&h% I?I%Fn tha%f ﬁg@gf\] 846 ng 18C Thi §§§§b93ts that the

amouft? teri ora I on
succ &edpewdgshrgleesesr 9@qqg| ppmfggﬁerah@foqguﬁ,tf%ps@rms lnto a final, stable

anS Solskiid pRELeD ANB tHermAtigyuinadtric BBth@Mfﬁl’)&E(’s’N-bl%lshmple from 450
an S ase c ani nat.i on _may.. be obt

pr ep%ﬂr@ (83 rqnp, e 'c}%lbnfe Shoﬁ@ 4 RAINGONE &P ghtegea 31 ouIE' 2daition, the ECON'
b ougH6 dnd @C pdvelefsi exdlibitsam groteormiar RECI peakngt 430 °C and 390 °C,
fepafegfzgétlyel)( Thich 5BY%n BBr&thahdentd Rith #dirOTGA réduRe oPMEYSFblysis of

ERHCIURGEG SR LT

| i gapedks. For the crystallization of BagsSrosCoosFeo2035 perovskite started at a
temperature of 700°C by use of a modified citrate method, the emergence of

30 perovskite phase and the decomposition of carbonates happen somewhat
simultaneously within the range of 700 ~ 950 °C for the ECN-0.46 and CC samples.
The more pronounced endothermic peak for the CC sample at 838°C may accounts
for its higher extent of crystallinity. The endothermic peaks above 900°C correspond to
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 Bag sSrosC0g.sFeq 203.5 membranes, it is believed
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Meanwhi | e, the oxygen supply assisted conbustion so as
to burn-off substantially al nost all organic
woesisdusdis. |1t al so hel ps to shrink the vol um rOUSGg®@s/000167
to a smaller volune that facilitates product
treatnment. For any other constitutional netal ions to
be introduced to a designated perovskite structure, as
|l ong as they are able to be conpl exed by organic
| i gand-type polyner precursd®¥s, the CCroute is
appl i cabl e and advantageous in terns of sanple
treatnment and product purity. Figure 4 illustrates the

DSC angt 1dér EM‘BM‘?%I’QI\ stz@%ng%bvgr érﬁlnalﬂﬁ‘mmes are beneficial to oxygen

as-synt hesj zed |
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r espeedultyiak £C rcaenbreseposdessgs bhighbeoxgeadiysosi ti on of
car bonat es when the perovskite crystallization occurs

to rel ease CO2. npared with the ECN-0. 46 Jqf th
{1 SR GHRRON 4P Boph Eeitiee Ui SHCSMPER BISTERYAFG anecs from the
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appr @a@mmr@sys Qg%@"é pin; which ﬁaqo‘etr?&%&fghﬁwaa@m of i ECN-0.46
sanplgembliies suggests that the CC powder rel eases
bound CO2 faster before it transforns into a final,

stabl e perovskite phase. The thermal gravinmetric
behaPewmvskite-typeemetahpiedemnonnd eatarigly heme impack gogrygen production

fl§ onléchﬁo J@ 4nidf Vd?(y%ﬂqmﬁ)lv@d C GHYubIRLIO UstoddR bt DOaI o  its) infinitive
|t|0n

ers, exhi i
ex ot ﬁ@r{r}ﬁe@mggtt%g&ge%ttﬁa%ge&gﬂﬁegd dJep 6I6ctx ron e%oaété(ft‘iOe n*fatenal) type
whi ¢ berar/skntesn that areeaiiio tedien madwbv Hhe h@sentmnv@sqptayleotp fabricate

t he BXJS%' c%ﬁeln’ﬁc leem(BFagléé]{‘o‘F ok %Hﬁb&ron%ﬁﬁaut hﬁey may also be used to

enperature 1s I ncreased show severﬁ) il oxidation of
endofﬁ?@?ﬁw dighespface-qrga hojigw- Etfr%P%ﬂ“Pr?Q%t"?a& rg,for partial oxi
Ba0. afiurl 400 ligitegdracarBorse ICev:sit helloatfare embrana reactors are a very

t e?ﬁgr{?%#% eaxmc?u% s%%e l?%f)hl: Bited bx eﬁggﬁf{étﬁq ahl gﬁﬁ%‘leomdatlon of light

perovs It ase an
decommmamoor(msﬂycraetbmtfre@ PRigEIGRSA Bhigygeciion, thereby eliminating

Si Wlh@%ﬁ’&nﬁbgbfya (\Msilﬁbﬁlgérh Flaﬁtaﬂélﬁatﬂf)th&@{él syr9§=3 (Edtbdroinonoxide and

teago{?wcgq%htmﬁrgjg@ctqr@p ?qrﬂ@ &% %e l?_ll;ﬁﬁ ygtgag §g%8}rjr<%§9gted to gasoline or

26 c obyaitageh,oor otties vdliegarsled elgraingls.of crystallinity. The
endot her mi ¢ peaks above 900 OC correspond to further

structure devel opnent of the CC and ECN- (t)
per oQ%WIeﬂiémpﬂﬁ%'@E on of various functlonallzed perovskité ceramic materials that are

used as SOFC (solid oxide fuel cell) electrode material, dielectric and piezoelectric
material for capacitors, oscillétors, filters 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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The SEM i mages of di sc-shape nenbranes made fromthe

ECN- 0. 46 and CC powders are shown in Figure. 5. For
w8aWsasFIms 5Co0- SFe0- 203- nenbranes, it is bel i eeesGkas/000167

| arger primary grain size and fewer grain boundaries

are beneficial to oxygen perneation since oxygen ions

nove faster in the bulk than the interface. It can be

seen fromFigure 6 that the CC nenbrane has fewer and

smal | er pinholes and | ess sutface discontinuity. This

generates | ess grain boundaries and reduces diffusion

obstacl es for oxygen transportation conpared to the

ECN-0. 46 nenbrane. As a result, the CC nenbrane

pPOSSs ek tiaerd hashbeenodepgrilredfih the. fofeigging desripfiroverefetied embodiments
oxygewgrd?%%m Hv&%oﬂf .t%ﬁ GeS l\h/}vﬁﬁ%tdﬁanw fHoss sﬂﬁ&f—‘ u'f fl'@nﬂechnology

t he wder s. e%gnpg truction
r angeSanRRINeh el " ma{‘h éa’ﬁ@‘"i‘ﬁe%?’&ﬂféc%mod ? 1% 99%9{‘ 8 fonstructio
pey meaby bhmadd wilbQ0depatting fromtigeepre$dntiinveition.he CC
menbranes is 0.93m /cn2. mn, which is about 20 %

hi gher than that of the ECN-0.46 nenbrane.
Perovskite-type nmetal oxide conmpound naterials have

i npact on oxygen production technol ogy and
oxygen-invol ved industrial processes. Due to its
infinitive pernselectivity to oxygen, the M ECM (m xed
ion el ectron conductive material) type perovskites
that are able to be made by the present invention are
able to fabricate dense ceram c nenbranes for oxygen
production fromair. They may al so be used to
fabricate high-surface-area hollowfibre nenbrane
reactors for partial oxidation of natural gas or I|ight
hydr ocar bons. Ceram c hol |l ow fi bre nenbrane reactors
are a very promsing technique since it conbines
oxygen separation and partial oxidation of |ight

hydr ocarbon (nostly nethane, fromnatural gas) in one
reaction, thereby elimnating the building of a costly
oxygen plant if an autothermal syn gas (carbon
nonoxi de and hydrogen) manufacturing facility is to be
built. Syn gas is |later converted to gasoline or

hydr ogen, or other val ue-added chem cal s. Conveni ent
production of various functionalized perovskite
ceramic materials that are used as SOFC (solid oxide
fuel cell) electrode material, dielectric and

pi ezoel ectric material for capacitors, oscillators,
filters and energy transducers in electronic industry
and the related field may be enhanced. This nethod
descri bed above offers the advantages of facilitating
the preparation and
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crystallization of perovskite-phase structures. The CC

nmet hod yi el ds perovskite products with m ni num phase
woansansnat i on and the high-crystallinity. PCT/SG2005/000167

Addi tionally, the oxygen perneation tests and SEM

studi es reveal that the disc-shaped nenbranes nmade

fromthe CC powders exhibit fewer structural defects

and hi gher oxygen perneation flux.Wilst there has

been described in the foregbPng description preferred

enbodi nents of the present invention, it will be

under st ood by those skilled in the technol ogy

concerpedLAiMS many variations or nodifications in

details of design or construction nay be nmade wi t hout

departing fromthe present invention. THE CLAIMS 1. A

met hohl of Aynethedsif synthesizing peroishitedipeietahoride compeyads, the method

COMPQdphfdaising:ne met hod conpr|S|ng (a) formng an

aqueous soj utiop containin ired t al )

e ek OBt P i s s EHe Y BBl et ipments

precur sor ;(band (epjoving ttiEumiuears medidtoyferimaygel peecyesbr; and

precursor (g t h@on%ﬁﬁ&ﬂﬁﬁol%ngqﬁé gél "ﬂ)?éc'ubé‘éHmRﬁé Srdsence of externally-

oxygen. 2." A nethod as clained in claim1, wherein the

exteﬁWBPP9°§GEB1|ed oxygen is supplied through a

nozzl e | ocated above the gel precursor, and the ge

pIIr peCY Sor nA ?r,e‘iho%o & Hgl'frleﬁ i %'Iaup r1e QHEriY the ?bxteﬁ'ndw-gﬁmetﬁéxygen is

ai med i aim1l or claim?2, wherein the extern
suppIsyPRIpd SXousbR HarZiedocaiadebors E‘ﬁwgﬁh@eﬂ’rriﬂﬁparl’f'dﬁ%ﬂ sgreor s @

. of ! polymefxydprecamddbt.ched air, and substantially pure
oxygen. 4. A nmethod as cl ai med in any one of clainms 1

to 3, wherein externally-supplied oxy%fn is supplied
at a% at o Anbietof Gl it SRIMeA o5 siairs % GheH 18| exipral supply of

l18astoxffeR i9fselcRfet iro Bt GBS Ichnsishing dihair,Coxygus tentiched air, and
reaction A nethod as claimed in any one

of clPUpSRD ??'lytpgrea/xyﬂﬂiereln after (a) but before (b) at
| east one sol uble organic chelating agent is added to

the ggueousmshby talé @Rime? in én%ﬁeh&f@léi}ﬁs ¢ @) 'Wlﬁbrélﬁ eﬁtb&ia@-supphed
5, wherein the conbustio

depl 8VY98R oFuRpiEhAl 8 Pl Q’é“u!ﬂ B,e 09""0E\ 43@(? ﬁ‘aa° ggfqﬁﬂ' &t leggt one of
k0 CleactionSntersitg, sidithedcomtiustion raadtibe vedaditubl e or gani ¢
chelating agent is one or nore of:

et hyI enedi am netetraacetic acid, citric id,
5. A method as claimed in any one of claims 1 to 4 whereln after (a) but before

(b) at least one soluble organic chelating agent is added to the aqueous solution.

25 6. A method as claimed in claim 5, wherein the combustion results in significant

depletion of organic residuals.

7. A method as claimed in claim 5 or claim 6, wherein the soluble organic
chelating agent is one or more of: ethylenediaminetetraacetic acid, citric acid,
30 ammonium citrate, glycine, polyalcohol, polyamine and any soluble organics

containing strong chelating functional groups.

8. A method as claimed in any one of claims 5 to 7, wherein if the stable organic
chelating agent lacks the ability to polymerize, a co-polymerization precursor is added.

35
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amonium citrate, glycine, polyal cohol, polyamne and

any sol ubl e organics containing strong chel ati ng
wouoistiisnal groups. 8. A nethod as clained i n aay/Sce@s/000167

of clainmse 5 to 7, wherein if the stable organic

chel ating agent |acks the ability to polynerize, a

co- pol yneri zation precursor is added.9. A nethod as

claimed in any one of clainms 1 to 8, wherein the netal

el enents are one or nore sel@ected fromthe group

consi sting of: chlorides, sulfates, nitrates,

citrates, acetates, al pha-hydroxycarbonxyl ates, and

i nor gani ¢ RARktIddRAMgmed B-anf o b @amaq 6 lBpwn@dinitive metgl elements
one of clains 1

to 9 erein the aqueous. S0l U | ' ;
Porogenans o pre A BTG BroP sent Wga"ﬁ-y‘fc_"g°ﬁ'lé’£%f%'fétés' nirates.
cl ai natratest, acetdles, wipba-biydroxgarbonxylates, dAngringlganimansforgae-
gel precursor resultant residual materials are

transforned into a foa el as a result, qf .
D6l y o | zeh ireihod At RPed B aniegugb SRR % (yfigrein the aqueous
or gandotutiofedihamodéhoud net hod as cl ai ned in any one of

claims 1 to 11, wherein renoval of the aqueous nedi a
is by one or nore of: evaporation

evar y heat . .
di st i1l at i drnethey ap (aimed |t gy, gne Ig_clq&'nﬁe‘lt %gao,ag[herem during the
cl ai NBshation ©f AdTydllpretsor aksultahiterebidaatymatetials srd trandfermed into a

ated to formt r r iaf QbcorfpOBidST bOh anic
g@r oﬁ%’?‘é gelgr @ r%%?ﬁtlo%&éng&%%%?hg gi%%ulgny one of ° o
cl ai mgedia.t o 13, wherein the external supply of oxygen

is started when conbusti on comrences. 15. A nethod as

e g‘éd i QA ?’%’é’ %t §%im§§(ﬁlﬂggﬁy dnd & c]ragmswfh{?)rﬁi Whbfs removal of the

prevoski t e “conpounds are subsequent |

cal ciaqeebus prestizsischyi anecor anore o svarareiondwthealing, digilption gnd freeze
t | _one nenbrane sintered. 16. A nenbrane

produced by the nethod of claim16. 17. A

pervoskite-type netal oxide conmpound when prepared by

t he mBt hodh mbthad psalamed inalaih g, Wherein tie foamy gel is further heated to

form the gel precursor ready for combustion pyrolysis.

20 14. A method as claimed in any one of claims 1 to 13, wherein the external supply

of oxygen is started when combustion commences.

15. A method as claimed in any one of claims 1 to 14, wherein the prevoskite type

metal oxide compounds are subsequently calcined, pressed into at least one
25  membrane, and the at least one membrane sintered.

16. A membrane produced by the method of claim 16.

17. A pervoskite-type metal oxide compound when prepared by the method of any

30  one of claims 1 to 14.
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