Reactive Spray Formation of Coatings and Powders FlELD
OF THE INVENTION [OOJ This invention, ternmed for
wo0 deifoscat i on pur poses Reactive Spray DeposiPCTOA2006/001713
Technol ogy (RSDT), relates to the deposition of
coatings and to the formati on of powders, usually of
particle SReRtive Sphey PervindRoCsf Coutiifps ahd Fiwdergi Ny a
reactive liquid feedstock conprising flanmmable
conponents. In particular, RSDT is an open atnosphere
fl ame based spray technique that uses a nozzle to
FIEL® OFTHE BNWVENT3AONcal | y punped |iquid sol ution through
a small orifice and then a set of pilot flanes to
conbust the spray. [002] BACKGROUND ART [003] Reactive
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l ength of tine the materi al spends in the plasna

depends on the type of torch, gas flows and pl asma

hap ( cooling shrouds). Mcrostructure
[002]Snd S%@éé@ﬁi?é}%’s are partially determ ned by torch

design. Plasnma processing is considered a high-energy

t echni que. Al ter nat i vel ower _ener t echnol ogi es
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deposgjted; oy the sulstigtes ﬂhémltaf tigag Shgm shenfpin the plasma depends on
the type of torch, gas flows and plasma shaping devices (i.e. cooling shrouds). Microstructure

and spray efficiency are partially determined by torch design. Plasma processing is
considered a high-energy technique. Alternatively, lower energy technologies have been

explored as possible alternate deposition techniques to plasma spraying.

[004]} Several similar techniques for open atmosphere lower energy flame depositions
have been developed to date. Listed below are some developments in thermal spray
technology related to fuel cells:
1) Flame assisted vapour deposition (FAVD), in London at the Imperial College of
London (UK-1995),
2) Oxy-acetylene combustion assisted aerosol-chemical vapour deposition
(OACAACD), in China at the University of Science and Technology of China
(China-2004),



(QACAACD), in China at the University of Science and
Technol ogy of China (Chi na-2004), 3) Conbusti on

wa@ b@mioesaky vapour deposition (CCVD) at M cr oCoaP@TigA2006/001713
Technol ogi es, Georgia Tech, and North Carolina State
University, (USA- 1993), 4) Flane spray Pyrolysis in
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spray is then conmbusted by an ignition source such as

a single pilot flane froma point source or a ring of
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nozzle results in a fuel rich mixture that does not burn easily wh11e igniting too far away

results in an oxidant rich mixture. Pilot gases consist of methane and oxygen, hydrogen or an
oxy-acetylene type gas. Pilot gases are supplied to the system by mass flow controllers or by

passive rotameters.

[607] Depositions onto substrates usually occur by positioning the flame in front of or
near the desired substrate and allowing the reaction to occur long enough for the desired
thickness of film. The distance from the flame tip to the substrate influences the coating
morphology, efficiency, boundary layer and the substrate temperature. If a nano-structured or
dense film is desired then the flame should penetrate the boundary layer of the substrate.
Longer flames (i.e. distance from nozzle to substrate) and higher concentrations of precursor
material favour nucleation of particles and agglomeration instead of growth from the vapour

phase (of a film) directly on the substrate. In other words, the droplets vaporize leaving the
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near the desired substrate and allow ng the reaction
to occur |ong enough for the desired thickness of
wo pdomo43DBe di stance fromthe flame tip to the BubeA2@be01713
i nfluences the coating norphol ogy, efficiency,
boundary | ayer and the substrate tenperature. If a

preculfstn ndtéridl Gk W shlDgastheipser fhiat theh iudiRates iffo tahwlidtand then the solids
flame shoul d penetrate the boundary |ayer of the

agglomesate infp dareeraigisles 'BH%BTOGPSSQCC‘&F Siognsriray tootame tip pad beyond. A
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andthxggibsimaemuoorlargnst ead of growh fromthe vapour phase
(of a film directly on the substrate. In other. words,
the droplets vaporize | eaving theprecursor material as
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and then the solids agglonmerate into |ar particl’es.
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heatemﬂrs’dyrmb&lerﬂameo | ar ge. [008] Care must be taken to

prevent thermal shock to certain substrates by

controlling the heat up and cool down to deposition
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not her flame. [009] Additionally, the heat-up and
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precursors present so that a constant deposition

nperature i s maintained during filmgrowth. [0010]
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Sumnhariasef tisuechuiques aof listdikbdl@ehni ques are |isted bel ow.
[0011] Xu and col |l eagues (3) at NC State used a
TQ 20- A2 Meinhard nebulizer for atom zing and a single
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[0012] Meng et al (2) at the University of Science and Technology in China used a
modified oxy-acetylene torch with a 2 mm diameter and fitted at an angle of 45° angle to the
substrate. Precursors were supplied to the torch by means of an ultrasonic nebulizer injected
directly into the torch. The oxy-acetylene flame core reaches temperatures as high as 3000 C.
Unlike other versions of this technology, the flame is not produced by the precursor solvent
but by an oxy-acetylene gas mixture. This process has been named oxy-acetylene

combustion assisted aerosol-chemical vapor deposition (OACAACVD).

[0013] The system at nGimat (formerly MicroCoating Technologies) consists of a
proprietary spray/combustion nozzle, the Nanomiser®, that functions on pressure and heat

input for formation of very small droplets that are then combusted by a ring of



nodi fi ed oxy-acetylene torch wth a 2 mmdi aneter and
fitted at an angle of 45 angle to the substrate.
w@e@cs®ey s were supplied to the torch by neanBCDCA2006/001713
ul trasoni c nebulizer injected directly into the torch.
The oxy-acetylene flanme core reaches tenperatures as
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technol ogy, the flanme is_not produced by the precursor
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very snmall droplets that are then conbusted by a ring

nozzigthag bermrteplesedgene gifferant pffcthe-shelf nebulizert ai med that t he
specific geonetry of the Nanom ser(r) allows for the
formation of these small droplets which has not been
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deposition (FAVD). The systemwas first reported in

1995 and work on SOFC cat hode materials was published
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gas. The particdessara icelleted ing baghgusstfilter oiict s have been
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[0017onp SOFCEREM(selid oxidé aleli oélliprotddséxtfarige merhiratié)i datiponénts can be

.35 cmspray flame produces, 300 g/ h of funed silica .
fabﬂ%%glao%yg% Push agi Qmﬁﬁﬁwalagﬁlpovﬁ dlepogition: (E¥D), ghemical vapour

depo§ifibn REVD)] PhyRidARIESUES QehbdifiGd (BNDY, sol-gel, RF-sputtering, spin coating,
slurry spraying, plasma spray and screen-printing.

[0018] Various developments in the field of thermal spraying have also been presented in
patent literature, e.g. US Patents 6,601,776 to Oljaca et al, 6,808,755 to Miyamoto et al., and
US Patent Application 2005/0019551 to Hunt et al.

[0019] While all the above developments have some advantages, there is still a need for a
low cost, rapid processing method that can be performed continuously, preferably without the

need for long sintering times at elevated temperatures.



[0017] SOFC/ PEM (solid oxide fuel cell/proton exchange
menbr ane) conponents can be fabricated via routes such
WwW@s002leso8y ochem cal vapour deposition (EVD), chencazios/001713
vapour deposition (CVvD), physical vapour deposition
(PVD), sol-gel, RF-sputtering, spin coating, slurry
spraying, plasma spray and screen-printing. [0018]
Various devel opnents in the field of thermal spraying
SUMMARYQPEJHEBYWENEI@Nt ed in patent literature, e.g. US
Patents 6,601,776 to Ojaca et al, 6,808,755 to
M yanoto et al., and US Patent Appl i cation
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al so plural npde. [0021] In ‘accordance with one aspect

of the qmteqkoqqntas%re is provided an apparatus for

t her mal g ecd f d

appar atis Bt 5 REhinkP et e, BEMlfifor bifainer to 4
superogtital temnpeeatnee, f or heati ng contents of the feedstock

© ubut arincsirEafed B an Ganduftdor RESREARe fesaiod theretirbugs, having o
first ]?Ji'? eSHrRERE 98 thd RéifiSclecdrtiiftr zﬁﬂré sécehd ?thgr Hﬁcﬁ&ﬂ@mﬁ feedstock,

eedstock contai ner and a second port for dischar
the speaadspert havingea §ebs§maﬂwrsmaibv|smg thag utbe tfirst parrtlty “create a flow

B8] 510 K9y BB BB B S 3hple  Wp wio

nozzls forostliraaihg iswoNthedischsged fetistdcky th a nozzle for
collimating flo of the di schar&gd f eedst ock, nP
means fROMRIBEINSIPT ¢Rliveringsupsthea ff@eéla@pb&th@@oem
condui ty pBideUdinA f
o |1 gy Pl e RERDEESECe bE o BNAG Tl and o the second port for
delivering auxiliary gas to the second port,

second heating means disposed around the conduit and the sleeve for
simultaneous heating of the feedstock flowing through the conduit and of the auxiliary gas,
and

burner means disposed at the second port for igniting said feedstock when it

leaves the second port along with the auxiliary gas.

[0022] In an embodiment of the invention, the tubing forms a sleeve surrounding the

conduit.

[0023] In an embodiment of the invention, the sleeve for the auxiliary gas is arranged

coaxially and concentrically around the conduit.

[0024] In one embodiment, the conduit is formed of a tube of decreasing inner diameter

from the first port to the second port.



delivering auxiliary gas to the second port, second
heati ng neans di sposed around the conduit and the

W@ b@enesosor si nmul t aneous heating of the feedstBCRCA2006/001713
flow ng through the conduit and of the auxiliary gas,
and burner neans di sposed at the second port for
igniting said feedstock when it | eaves the second port

along with the auxiliar as. [0022] In an enbodi nent
10024 °{ Feaoiea oA eni e Lot is BFRSd of aP@bes o interconnected tubes

. ' j | odi nent of
ome?%?‘?%@%ﬁ?gﬁg&{ ﬁgagtpgg?éwgﬁéﬁesggﬁ%mr yI gas is

arranged coaxially and concentrically around the

ondyit. [0024] In _one e dinent, the conduit is X
1002‘?1_0r oy bmbidienty s FaigS MBS IRrEnged forniform heating of
essentilly theRafite e tiecre@idthcRRoAdUiP025] | n anot her

enbodi ment, the conduit is fornmed of a nunber of

i nt erconnected tubes of decreasing inner dianeter from

h ' 0 . ln o .
10027110 Thé Shpdtelus A8, bR SABARE g bhrain AR alsfofl For gistributing o
curtailed;ﬂ‘ ?nmémm'kamge Q%s, ey:‘;ﬁﬁ[mgloagi? imexﬁrees@ it @ pattngf Bumil ng feedstock

. .the_ feedstock conduit. e apparatus may al so
discharged fromuthg secand podiand tenzzle: sposed for distributing a

curtain of a non-flammable gas, typically air,
transversely into a path of burning feedstock

[0028); s cFarthgedtherapparatve nsasccomuprizerreactand stply mozans dispped28deliver a
strcar b 34 S8 SEIRPB B Pt OF S fopsiori e B Do discharged

from ltiRafdz22 &nd ighiled. NThe Qelpany play! thice f)l%@éj itBiake afric@ftaintin operation,
has been di scharged fromthe nozzle and ignited. The

the pojat ofreacjantdoliver beisg sewnsiream efthe aircugint ai n i n
operation, the point of reactant delivery being
downstream of the air curtain. [0029] In accordance
[0029}i t hImammbidancawjikahothér dspectiofideninvenion; thereds ipgovided a method for

TN TR N T L
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outlet port being significantly smaller than the size of the inlet port,

heating a reactive feedstock to a supercritical temperature,

passing the heated reactive feedstock under pressure through the cconduit,

providing a sleeve around the conduit, the sleeve being in communication with
a source of an auxiliary gas and with the outlet port,

passing an auxiliary gas through the sleeve,

heating the sleeve and the conduit to maintain a supercritical temperature of
the feedstock and the auxiliary gas,

providing a flame at the outlet port of the feedstock and the auxiliary gas
resulting in a reactive fluid flame spray at the exit port, and

controllably reducing the temperature of the flame spray to produce a desired

degree of reaction and to control the properties of particulate products of the reactive spray.



outl et port being significantly smaller than the size
of the inlet port, heating a reactive feedstock to a
WGEpeneIose i cal tenperature, passing the heat edPeEaai(06/001713
feedst ock under pressure through the cconduit,
providing a sleeve around the conduit, the sl eeve
[003d]ei NThé NmethddUiag atiirther Védnfiprive S tHer §RpObf dntrédicing & ¥pray of a
gas and with the outletfport, assing an auxiliary gas

supplementgrn matrsial infe e patbefithe reactive spray dn srder ita dredice @ eombined
coatib s ARAL Bofh e HARLE Feta, AP SHHUR Gl idilial
the outlet port of the feedstock and the auxiliary gas
' ' r Y id flame spray at the exit
Bklﬁggbgﬂ@rmﬁfﬁ?gﬁwﬁgg& ng the tenperature of the
flame spray to produce a desired degree of reaction
and to control the properties of particulate products

[003Hf t Fke inveotion wilkbe describeiojmore detadlibyoraynefithé tollowing description
. I Se. pn of introducing a spray of a
m °°§’3‘§§F°é‘ﬁ‘rﬁ‘§ g‘%y&n@?lgﬁna‘rﬁlfﬁt o the path of the reactive
spray iFigOr e dverallrepé¢séhtiod@Than Rithodingint 6PtheRBIDT apyshratus of
.fromthe reactive feedstock and the suppl enentary
the Y&R4M al . BRI EF DESCRI PTI ON OF THE DRAW NGS [0031] The
I nvent 'qu. ﬂslalsgﬂﬁnﬁﬁ:sﬁé\bl%?gn&ﬂeﬂ B BodffiLdt of 1 app%;fmﬁf
the follow ng description in conjunction wt e
dr awi nddg.i hiswschématicgview of yetaamothee embodimept efithe apyaratas,

of an odi.nent, of the RSDI appatatus of. the

"nvent T9R.4 i § SchEnetc RpERERIARTL oF AbiGRPlER, Shusture (Example 2)
prodie B¢l ikiemethed of the invdEbAt Us, Fig. 3 is a schematic

vi ew of _yet another enbodi nent of the apparatus, Fig

4 i's aEBnhdita gmphshewingrthaefiset off pespendsculasiquench (“air knife”) on

(Exanpl e 2) produced by the nethod of the
ﬂm?%@é%{ali{ggf Fig. 5 is a graph showing the effect of

per pendiig.\d dlustratesthb efféctiof qhencheihgles on ffllafigdemperature,
tenper aI!;ilgir ? illustrates SEM microstructure of a samarium doped ceria (SDC)
electrolyte,

Fig. 8 illustrates SEM microstructure of a SDC made from a low concentration
solution at a high deposition rate, center (left image) and edge (right image),

Fig. 9a illustrates SEM microstructure of a platinum layer produced by the
method of the invention,

Fig. 9b illustrates TEM of a cross-section of the same Pt layer as in Fig. 9a,

Fig. 10a is a TEM photograph of nanostructured platinum deposited on a
Nafion substrate,

Fig. 10b is a TEM photograph showing gradient structure of supported Pt thin
film with carbon and Nafion ® particles,

Fig. 11a is schematic representation of a catalyst layer structure, column
shaped agglomerates of Pt nanoparticles, produced by the method of the invention,

Fig. 11b is a schematic representation of another catalyst layer structure,

column shaped agglomerates with Pt coated carbon particles,



Fig. 6 illustrates the effect of quench angles on
flame tenperature, Fig. 7 illustrates SEM
wor@rostosuct ure of a samari um doped ceri a ( SDQYCT/CA2006/001713

electrolyte, Fig. 8 illustrates SEM m crostructure of
a SDC made froma | ow concentration solution at a high
deposi tFign12 ihstrates dvedirhérdidnal caalgst gradiesdsodided Myt the method
image), Fig. 9a illustrates SEM m crostructure of a

of the;myentignaatdiyer produced by the method of the

i nventi 14 k : r - i
of 't he 0B {5t paph IheHEREE R Delighhaliced e AN AT by the
methpd of thgimyEntiod. nanostructured pl ati num deposited on a
Nati on substrate, Fig. 10b is a TEM phot ograph show ng
gradi ent structure of supported Pt thin filmwth
carbon and Nafion (r) particles, Fig. 1la is schenmatic
representation of a catalyst |ayer structure, columm
DETA PEXSRIBHONQE THE DYVENEEMrti cl es, produced by
the nethod of the invention, Fig. | ibis a schematic
representation of another catalyst |ayer structure,

[0032]0! uAB rBpepatedgblematicalycin Figh I, & exémpled; sppabubis (system) of the

particles, Fig.. 12 illustrates two-di nensional catal yst

invengion dnciudes gnynhes af precyrser qoptansgs K90 vHB tioyk msterse ponngitgd through

@ uf 0 5 a0 O A T102 16 sbenbly 12

functions A0 bEMiBESGIQURTPrENIrS aiHEe¢UNGENTIONHe0083kd Adth combustion gas

r ept esent hematjcally in FEi.g. .1 n e r
and J ERREGHE CRPONE) 4 ftrof Roulliesine (RErfYEEPLA Adiasource of a
combRbtigt RUXPEach GHitEflow conttSller)iardiedch @onfidte t6 the spraying assembly
connected through a punp 110 to a_sprayi ng assenbl

120. (3grepding onedetailed strpetural suangegnentsishown i digsrep, theproduct(s)
ok REHALE oy A bl o AU 330 Bholp 8B Bt in o
separgteivontainer $6&. A source of a collinmating (sheath) gas

130 and a source of a

[0033] Tumning now to Fig. 2, the apparatus of Fig. 1 is shown in more detail. The
precursor container 10 holds a quantity of a precursor (mixed with a solvent) 12. The
precursor can be an organo-metallic, inorgano-metallic species, slurries or polymeric species.
The solvent may be an aqueous or organic solvent and may contain an additional

dissolved/liquefied gas such as propane, dimethyl ether or carbon dioxide.

[0034] A heater 14 is installed on the container 10, the heater being suitable to heat the

precursor to a supercritical temperature.

[0035] The liquid precursor solution 12 is kept under pressure in the container 10 and
pumped through line 16 by a pump 18. The superheated liquid (fluid) exits the pump 18 and
enters the delivery line 20. Delivery lines 16 and 20 are insulated with an insulation layer 22.
Then the supercritical fluid 12 enters the nozzle assembly 120. The fluid is passed through
an open-ended tube 24 that has an opening port 26 and an exit port 28. The diameter (or size,
in case of non-cylindrical tubes) of opening 26 is larger than that of the port 28. A chamber
30 encloses the tube 24. The tube 24 is sealed to the chamber 30 through a fitting 31.



conmbustion gas 140, each with flow controllers, are

each connected to the spraying assenbly 120. Dependi ng
wo@modessasd ed structural arrangenents shown i n PCT/CA2006/001713

figures, the product(s) of the associated spray nethod

are either deposited on a substrate 150 or coll ected

in a separate container 160. [0033] Turning now to

Fig. 2, the apparatus of Fig. 1 is shown in

[003¢)et aiThe opga-cpded: (pbso24ceam bF Haanufactirsd deuty of @amadmyn@f metallic

materfalPb ﬁfoﬁ” Eﬁﬁca(lghg(ﬁﬂzh%t ":d‘%#{ §ildns cha: be P@a@dw §(§{ntable heat-
cah or gano- et al or gano- netali1 ¢ spec

resistantunonimetalbic mmbmfmuclnaqumcso allow highlev eantperatyreb of ﬁ!e deposmon

e G G0 Gt G 9 A s, s
innerGiZARAA )éhan%E BRp-wike, &3, B?%sﬁg%b%mémﬂes& Bés. 14

is instal [ed on the container 10, the heater ei ng
suitable to heat the precursor to a supercrltlca

enp I ' . .SQl.
100371 "R B e Hefbodilehl Byl a0 1nB9 it G e tube 24
was dbbuo01906’), b 0.15Gminy Fhefsuinled Gutléheide) unmer ldeaheer Wasabodt 0.004” or
(flyj f exits the gp 18 and enters the delivery line
0.1 myp Thelengthof the tybs rep the ipletdo theoutict wenabayt &7 (1 am).
- insulation |ayer 22. Then the supercritical fluid 12
enters the nozzle assenbly 120. The fluid is passed
[0038&] hr oAgrindamtiopdwa@n 32 gutrowysis 2ke chrmiben39 tarmaipieni thg tgoperature of

26 and an exit 2 r si.ze, jn.case
the pigpeafieqt P ootk rpmliet 4o iR epeisiine O i yhe 2 Rigpntroted
by alt@aperafurd BentRsllek 338. AAc6MbiHatsn 39 ;ﬁéb@in@sﬁﬁ%ﬁlfbﬁ lsyﬂﬂﬁe pump 18),
24. The tube 24 is sealed to the chanber t hr oug
optiopalt dlpﬁ?éveéﬂlqusﬁgls]gasn(ed%eme seretginer; 1) 2nd cheat irput (v1a induction
heanﬁ(?@%‘)f A6 506D fHatiOh of atunffdidh Jﬁ‘@@és Ol B GrilB Ghd 913 elther solid,
or applications such as cer depositions ca
liquid eppaceda miktureof thebalphssekle athlestreatra% can rithat tsd hsed dlrectly for

| such as, gra te t aIIo erat ures
procefiing (€ sprASEt FRROHARMARStiE (HioaRdte ot HiTonHA of pee a pilot
bmne_trgbend@meafatﬂ{eq%ghéryo@w&wﬂgtgsarreter instead, its
ang

i nner size can ¢ e step-wse, e.g. by using
i nterconnected tel escoping tubes. [0037] In the

0030 P S SRSl b e L

(hlgh'ﬂeﬂ"oﬁmiicb d?lltlu{d:nlﬁ'érﬁktogn‘aﬂb}) dndRESSI(rapid teR pansitm afl3@pércritical spray)
3 &gl The. | engt h of the tube fromthe

mdusrrrﬂs pr %t%faswdo 1very Qfgge golgtions; o ¢y |

[0040] The chamber 30 functions to prevent shorting of the induction coil 32 and to
channel a sheath gas 40 therethrough. The gas 40 enters the chamber 30 through a
connection 42, and exits the chamber at a tapered nozzle exit 44. The gas 44 acts to shape,
accelerate and assist in atomization of the process stream. A shearing force is placed on the
stream 36 exiting the tube 24 by the passing of gas 40 out the exit 44 of the chamber 30, the
force helping to turbulently mix the deposition medium with the collimating (sheath) gas 40.

[0041] It is noted that the heater 32 is placed such that it maintains the desired
temperature of both the fluid 12 flowing through the tube 24, but also the gas 40.



[0038] An induction heater 32 surrounds the chanber 30
to maintain the tenperature of the process streans via
wa@2dogeeosck controll er 34. The tenperature of PEECARDE001713
24 is controlled by a tenperature controller 35. A
conmbi nation of pressure (supplied by the punp 18),
[0042]pt | Ardthough the dbrmextiohiof dstiperdriticad flhRidd adt netbsasofot depgiition with
10) and heag i, nput (via induction heating 32) aid in .
the qauipment [Res1BRd. oMM Sa37| VBT Hrsyparedtcal it 13 6deaHPe HOE & specific
[ L&l b d Gui to Selbrifel 'tch‘le' .
depo%ﬁgxg,e{é},ﬁé%hﬁg aL{sutgj ruel%émqg6&ggl?$ g@ztﬁ erto e usigdgﬁeggct yﬁﬁlg r prior to
entermgdbe seizlgjassembly. dpsaghi cagesyithchinductionmhester b4 )s wsed ¢@maintain the
be,introduced t Eough or near a pilot burner 38
"mmﬁﬁgF%Pfﬁﬁ"é M e“peri phery of the outlet port 28
[0039] The system nmay enpl oy off-the-shelf conponents

readi |y available in the HPLC (high performance |i ciyi d
[0043hr orFhe digiuich Hiopletn 6 REsIliteetedi tawasdarpilobdigbt 38 (fuel line 46, fuel

ctidtd . aSOr ' r..Storage. .
contsfif Aecnd 4 BaaR IMe)s0 B Shduer SHiaBl R HBLRE o o fome 54
The fuehand orilattoarprdirceted tBhtubingny ©pilotheurnadassémbly $9ivhed2they are
and .to channel a sheath gas 40 therethrough. The gas
combigtednt ors the chanber 30 through a connection 42, and
exits the chanber at a tapered nozzle exit 44. The gas

44 acts to shape, accelerate and assist in atom zation
[0044)f t Abe pilotburpersassembly 38 ensistsi of;p block dispesedl cneehtiically around

. t .36 i.tJ { { 2 { [ f..
e o B 3R 8- M e S B o BBl e
pilot bt Bgseinbly 55 kRuh Btihtegiited inkethdchodyi Jfi the nbRAé DD bk ichnsist of a
the collimating (sheath) gas 40. [0041] It is noted
separpig hody tsogethiere The Flame %1) igcdirpcted @ arsHbstiaty Seewhich inmounted on a

j : he fluid 12 flow ng
hdd%?rgotﬁag%k’gﬁ%‘dtﬂuaggegég,wﬁ‘ﬁ?ygf‘g% 6% gas 40.[0042]
Al t hough the formation of a supercritical fluid is not
ecessary for si.tion wth the .equi pnent specified, .
o041 CTRE e 12158 s Stel buby ' Bcifch rotimaens Doty Gsdolved in
liquefie® ghs hrfd/SkeD SigahRMiqui® Sfifturel th BeGyessdPa 024LigaNiddCgases that have
heated to generate supercritical fluid prior to .
been specepstplly sprayethinglude psepans) ¢arbemdioyide andsdisnethyleether. Liquefied

i pdugt i t ' | DI RL,! i i
e SGL ORI, 1 Wl V3664 S Al Bl i caacy o
dissobrequeerordandore thtir ghysieal gropaties. aThe ploisidal plopedids (clele but are

and an Qxi an1 line 50 and

li.ne 46, fuel. ' 4
not Hifid 49 fpsecsaiogitg (Rt iou o eizANGR doothngpOigly viscosity, surface

tension, etc.). Pumping 18 and storage components 10 are available off-the-shelf and are

selected to allow extremely high pressures up to 680 bar and temperatures up to 150 C prior
to introduction into the nozzle and much higher inside the nozzle if utilized in conjunction
with the second heat source 32. Primarily, the decomposition temperature of the dissolved
precursors limits the solution temperature within the tube 24. Therefore, the number of
solvents and specific precursors used for precursor preparation is increased due to elevated

temperatures and the excellent solvation properties of supercritical fluids.

[0046] As mentioned above, the resulting spray 36 can then be combusted or used
directly in a spray process. A combusted spray produces a flame 54 that can be shaped by the

use of a secondary orifice 44 that acts as a collimator for the spray 36 and flame 54. The

10



The fuel and oxidant are directed by tubing to a pil ot
burner assenbly 55 where they are conbusted. [0044]
wabm7pidoss burner assenbly 55 consists of a bl BCRCA2006/001713
di sposed concentrically around the exit port and
havi ng e.g. eight holes through which the fuel and
comoaHy dmbwmgeccﬂhmeﬁﬁgpbmiﬁil 64 of thetchbmbearc30 ig F&kwith ¥ hebted gis 40 that
tegrated into t‘g dy of the nozz|le 120 or
ipar flame igta PubWeJiny meimg et hegas isupRlied feons 3 resgrvoir 62
andh‘éht%&%é' paﬁéhq tggat e 56, which is nounted on a
hol def 58 t at can optionally be heated by a heater
60. [0045] The feedstock 12 for t he system rray consi st

008 PAFE HiR S RS Gy Yo 5L A3 for tin i

depoditiéi @b ishowaaacBigt Dajt dravan ﬁbeagbdsupsqﬁ.&iaé lcyl18dbioRYsSStem 160 for
i ncl ude propane, carbon dioxide and di -nmethyl ether.

collegtion pfmanepagiieless can be conbi ned with organic sol vents
that are chosen based on their capacity to dissolve
precursors and on their physical properties. The

[0048]hy s IicBig. By shpeting amother @inbddinbisit ofithe apphratus)sairCelérBents as in Fig.

2aret seef‘%{ i but es, t hat aIIowEner at o zatlo %Hln

SHBF feferengf umRtals
and storage conponents 10 are aval I abI e off t he-shel f

and are selected to allow extrenely high pressures up
[004%]0 686 Sbfawn amEig dntherflamg ean hqoqueoclwdayca pom-tﬂammable gas or liquid

t t he ..no i NSi
medi 0 g Phe Shetioh 8 Fme a L Gy it PR ED gt Sin i ped as the
medili@al0 ROstOp ehe3Zeactitri GBVarions polrts d61CEUNOS bof ipaticle properties such as

nperature of the dissolved precursors Limts the

morpﬁelpay.aaﬁ Sizsnp &t s Fmboflimenh iysrated ja Eig. 3TRapumber of air streams
arran%&leat%rgﬁ e &f dfeliar qgﬂless% éﬁ‘&:tlg Ud'aﬁgﬁ air F&g{;\gf 72, is used

prec repar at Pon 1s T crease ue to e
to quenintbe dlameea aaahdrttham;:while oteating ¥ atrbwlentpmixigg enmnnfmt This

upercritical fluid [0046] As nti oned above,
turbufe Grfiing ' Rp o5 385810 PR 505, ORf DEG oSreglind revent  the
agglogierftionl of pafticlesSpricito [MepsiSsh or\tHeORiBstEdtE8 A Rdth@Wely, the air streams
produces a flane 54 that can be shaped b the use of a

72, sypplisdofion 8r SoMFGSe ofi sompEassasc pis Hh tbroegh omiersr76f an tigedirected

s 3 Y ATy, ERSSAEL SRLLIGAAE KO DR gt 1o uc
case, tleahedlumd®) shoulkditetditeated srahdverdelyntiorthe flimeaspray.nt o a

turbulent flow regine. The gas is supplied froma
reservoir 62 and heated by neans of a heater 64.

[0050] The positioning, flow rate, velocity and shape of the quench stream affect the
adhesion and efficiency of the deposition. Error! Reference source not found.5 and Error!
Reference source not found.6 show that the substrate temperature is dramatically reduced
by the introduction of the quench system and dependent on both the quench position and flow
rate. By cooling the process stream in a short distance, the nozzle assembly 120 can be
located much closer to the substrate than in traditional methods, increasing the efficiency of

deposition, while maintaining the desired deposition morphology.

[0051] For co-deposition applications, gas-blast atomisers are used to introduce
.additional materials into the process stream. The quench system 72, 74, 76 described above is

intended to cool the process stream sufficiently and to create a turbulent mixing zone to allow

11



[0047] The flanme 54 can either be directly positioned
over a substrate 29 for thin fil mdeposition as shown
WO R00Fi0gro8® it or can be used in a particle col P€DCARIVG6/001713
system 160 for collection of nanoparticles. [0048] In
Fig. 3, show ng anot her enbodi nent of the apparat us,
the usiforih slditicndfaddRionsl hiatgriald tethe depekitici @éehnyyi e t6 Aeadjustable

reference nunerals. E|lenents 10-22 are onmitted for,
naturg p§thequenchyystem, fe addisignal materials can haveea lpwamelting poistor be

oo HEIEyc 080 LTI oyt PUIT TR o

deposition axyemblyds shevnumdtigas where 78dsla cont#idet of ss¢lapy tdise sprayed and
reaction riaus points f coptrol of particle
80 dep6s npaescior deiyeRtE B uefhe A tonaL sty Spray

enbodinent illustrated in Fig. 3, a nunber of air

streans arranged at an angle or perpendicularly to the
[005 pr axrs @n esemplewf this ce-depasttioni variant, theadditionjof carbenlinte the

e RS oS RS b b B v

surfageodrea.i S used to evenly cool the process stream and

prevent the aggl oneration of particles prior to

deposition on the substrate. Alternatively, the air

tre ionS ¥Rk o
O o L e e O o T B Ry epg bringing
the flahe closente tlpsubytrate nbems repeatable agd presise cantial dver the bemperature

not...illustrated.. l.n each case, .the nmedium 70.shoul d .
proflf F e suishd & sl St (R ERpoRErERimgS (eisBifed o blank) is
used fo?9ipre-Bedtihg, stdge @f'thedePositibh, OUpbY attdifinSht AT Prépler bibtrate

quench stream af fect the adhesion and efficiency of
temperpaire) aygkieds switched to change fe theselution gprtaining disselied precursors.

. | s . .
This @Rfo bt Hart o BleBRGiof A6 foral (e il ed ARt i dhesion.
Similarly,rtbelteveise wambe dére af tienaid of\asteposiiord dependent on

both the quench position and flow rate. By cooling the
process streamin a short distance, the nozzle
APPIAERENON/OE AHE ROVERTIONAt ed nuch closer to the
substrate than in traditional nethods, increasing the
Low Temperpture $OIC deposi ti on, while maintaining the
desi red deposition norphol ogy. [0051] For
[00543 0- dApmetak suppori$ OEG s amarchitprturb kmasionédiwi cnable SORCs to have

v R R i B e o
SOFG@spétaté &t lower temperatures to avoid oxidation.

[0055]) The first case study under investigation is the deposition of the solid oxide fuel
cell electrolyte material samarium-doped ceria (SDC) onto a porous cermet substrate, the
SEM being shown in Fig. 7. The apparatus and method of the invention is expected to
facilitate the manufacture of both dense and porous structures to be deposited on this
substrate. The fabrication of the necessary active layers can be completed in situ, without a
lengthy high temperature post-processing step. The removal of this step should eliminate
unfavourable reactions between consecutive layers of the final fuel cell and material

shrinkage and cracking that can be common in conventional processing techniques.

12



intended to cool the process streamsufficiently and
to create a turbulent m xing zone to all owthe uniform
w@odarnios of additional materials to the deposPeT/OA2006/001713
steam Due to the adjustable nature of the quench
system the additional nmaterials can have a | ow
Initiahrdépasitigng vierd pevforined oh hﬂﬂ\ﬂlmelidrﬁﬁaelﬁfuou reell g&ﬂpbdeg\lﬁ 8% doped
.such as the ion rs used in, PEMFC el ectrodes. The
Y“““E‘BEF@E@&?‘{ FERoniAs 35&5@19&% armylated gonpistg of sV Rencentyafiqng of SDC,
10 m8PRIP] BM. The So15¢r fiséd WrD BolodNe 23cetbne 'lﬂd ﬁxqugﬁ'{}? Eﬁéﬂ and were
nozzles for delivering streans 82 of the additiona
chosen hased ons theinysolvation caraxeristice foatlpd chosén priecirsor metals. The precursor

matefiils SERAT SCRri By msettnB sl wl ebrpherHihelonte (sm-
acac)afixe€ th miolab elioB A 1 0% safmarilinind 1900 Estiub PrédutsonsmdaidqRad organic

[0053] In operation, a warm ng programw th smal |l )
solvepts iyere pded tp ae apprepriate vessehandihemssaled. Next, theyiegseb was Blled with
. téﬂ?ﬁﬁ r I . 1€ and precise control
di méod\?)élr t y??&%&%?ﬁr%&mglle%?gt e substrate. A
solution mnus the dissolved precursors (designated as
[0056] bl Thkepositivhacmperatue waeinhang f d GRP6HL 1000 tEl)d‘m tHeedge of the substrate.
eposi tion. Upon attainnent of proper substrate .
The g@ﬁﬁ‘&%ﬁﬂﬂ‘@fm a5 3 M jin S0 and, the depositign gate (was approximately 0.280
um/niif! Hhd Rfcr6QRicRIrD id Soréw l&éﬁﬂn&g%ﬁ&r Eats to] Pb ScANBWRr i
the start of t eldeposil??on to be dggg a% 0t ée cAUHfWer” in shape
with eqehi indiviteal strgeturatled emfiorsizecit dse edge dithe klidd and mbstly < lum in the
reverse can be done.at the end of a deposition.
centeﬁ%éﬂ??%\f’sdfeﬁ'ﬂk%f TTI ON Low Tenper at ur eSOFC
[0054] A netal supported SOFC is an architecture
PEMFPOMELPabritdtioanabl e SOFCs to have hi gh power out put,
| ow cost, high reliability and high durability.

However, this requires that SOFCs operate at |ower
[005le np@heimethed of theanwertion)can bt applied[to 9EBiucd tlectiocatalystwde this

d ' { ti ' he. d it of the
o TR —
solutida i#itb iad AtciviRad (2) AtdneizinB[tke prebiirSortsoRMoAUS) e6B®stion of the process

substrate, the SEM bei ng shown in F h

ig. 7. The
strearg i Soran eadalyst ganaluntd vapor: rd (4 \Véﬁmg@g catglyshyaper plymegvith
cunh e A TPULASH S5 B E P hmbro.
Durirfgithe ificsh sfepchefni¢ah pracersesssacly asineial sitdateyermsetalamgdnics among

otherg grrgp isesgﬁ%d Iup susléauile’ soWe}lg,o vliI'{licﬁ also act as a fuel for combustion. Water-

soluble precursors may also be dissolved in water and then mixed with a suitable fuel.

[0058] The microimages for the electrocatalyst layer and the supported Pt produced in

this manner are shown in Figure 10a and 10b.

[0059] Figure 11a and 11b show respectfully structurally engineered films and supported
platinum nanoparticles produced according to the invention to make a highly active, high
surface area material. Creating a structure with a high surface area allows for better mass

transport of the oxidant to the active catalyst sites. Additionally, the amount of platinum
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| engt hy hi gh tenperature post-processing step. The
renoval of this step should elimnate unfavourable
WO e@chio8es bet ween consecutive | ayers of the fremiCARweb01713

cell and material shrinkage and cracking that can be

conmon i n conventional processing techniques.Initial
contailedda ithd adysvidyer Ol lfé)digfﬁﬂc&iﬁly&ed%e@ﬁgﬁbﬂlﬂfﬂm I®fimes, to
. .cell conposed of 8% doped yttriumstabilized zirconia.
signiffepatly sednce dhe gost of the matprislsrichile maigtainipg highmeearmanceons

of SDC, 10 mMand 1 mM The sol vents used were

tol uene, acetone and di-nethyl ether and were chosen
[0060]as e The prdchssi of thoinvedtionris dlxiblaneugistol atlows for tHeldeposition of

chosen. precut.sor tal.s. The precursor terials )
layerg EGTERBIR GHIERHOU PG A REREROAFLBT o De g g urface. This
gradiefIgah be RS enERe& RO Bleird fayerio’RindiFe KB and

rati os of 10% Samari um and 90% cérium Precursors and

performansie®f theymernbrane while addrgesing the geablems aasocigtod withimass transport

e n | ed. t,. the.vessel was filled
and At Sl ORRES S b SRPIRETE e B Rptripnd i ECL and
increadiny the @htalyst Gtllatidn diemdanemspirg higheipewetdah ®eWalieved even at
ran%e of . 960- 1000 C on the edq%g of the substrate. The
lowerjiopdiags oloratalyituFiugre lischgmatisally shoyrs how suehea tlprsdicatabst layer
could §¥ ific¥PSraftdNhYd fiBf &y 0- 280 unimin. The
m crostructure 1's somewhat columar and appears to be
“cauliflower” in shape with each individual structure

-2 yrn in si.ze. at of the sligde stly <
m“ﬁr angﬁ Wv;ﬂzg:p@mo&otla{ﬁ? ﬁ gog@ﬁ mng?ac&ge gg%ﬁﬁpﬂ:cg%é‘th}e 8.
accorhipiiéhed/b depdsitinpainl ddettlo@ataifht A& coRdiftRfE otfa thid@ngineered structure

I nvention can be applied to produce electrocatal ysts.
of platinupy, followedthy.a mixtere ofsethor apdiplatieum aashowniadFignre $he& 10a.
: _ : _ Lt
Du AL 4 B R 55 o Y TR e B G s BRSO P Brear
layer has miclobetter Bpndiagbtraigtiomddéontioedp miregtrucaire.cAsmiet], i tothe

....catal yst nanoc| uster vapor, and, .m xing of catalyst
abilie i SpogH B ol et 05 BB e SRR PP Pyt Fan b
signifiQNAYREIURE] OF QirARRA laltbSih&@ WHRleaR1 VbBtihS hithSerformance.

menbrane. During the first step, chem cal précursors
such as netal nitrate or netal organics anong ot hers

o=, 781 B P ATl v
RSDRpsessowith phatihviadodding ¢ ficaitly 1edsahanthxgstepirédby@conventional

suitable fuel. [0058] The m croi nages for the
techniqugs 1 ocat al yst | ayer and the supported Pt produced in

Proton Conducting Ceramics

[0063] The RSDT is also capable of depositing ceramic proton-conducting films as
PEMFC electrolytes, or producing ceramic proton-conducting nanopowders as doping
materials of PEMFC electrolytes. Both will enable PEMFCs to operate at 110 C or a higher
temperature, thus removing a key technical barrier to the commercialization of PEMFC

technology.

[0064] In addition, RSDT can be used for preparing ceramic proton-conducting

membranes for hydrogen purification and hydrogen compression devices, which have much
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this manner are shown in Figure 10a and 10b. [0059]
Figure 11la and | ib show respectfully structurally
wengrnewsed films and supported pl ati num nanope€T/Cabms/001713
produced according to the invention to make a highly
active, high surface area material. Creating a
highes infechdnica? strerigth thabtraditional ftevhﬁolagya andtdnoperdtosat hadh Idgher
mass tr sport of the nt to the active catal yst
temperatuge andprgysurethan the Y"HE ﬁﬁ%ﬁﬁm"é‘? bramest i nuncont ai ned
in the catal yst Iayer can be significantly reduced,
Xﬂ%ﬁi I[ly by alnpbst 10 tines, to significantly reduce
E t eEesgst of the materials while maintaining high
Exaﬂﬁerlornance. [ 0060] The process of the invention is
i bl e enough to allow for the deposition of |ayers
containing a_gradient hoth in plane and tEerpendl cul ar

[0063]o + FeExampRisil ¢ dapesidign paBRC way Qrredent o ithe appapbus psdlustrated in
Fig. 2 OT%6 %88tk %Jiﬁncﬁls%é ?ﬁéﬁ aWéﬁ%slrt ane&#ﬁe@ﬁ%ﬂ Withd. zkhg of

cost and performance o addr essi n
samatitv® aoetylhicetopate ¢Smedcat)euld i G7hg ofessiutn-2 ethylthexanwate (Cee2eh)

cissoliR 27 ock P IoBRPE R ey VR 213 e of R e added

to thedontdifert10@Ad @CcoiBaifer twag & toff htheth €12.6 @\WEdi-aREhylP €ther was
achi eved even at |ower |oa H_]rgs of catalyst. Fi ugre 12

addedstorfhergentainen apdsherpugywhakeah epamtpwpewas:m 8350 &ysorthat the
oS LB 8 AL e

the ﬁtsebmxﬂlmit Sehawclayd Gegehiahd mgs dasxglmm asthiatka Thie blank yeas stored

in  SFQHR RRIaIgT LO-T4 BAVRS B 2608 omatettA mken el b Blark
solutlbﬁ des Q)Hﬁs%d &ho ﬁle]iﬂﬁzleDFﬁ‘e fr@qﬂeﬂ@y M‘l!h@ iRlueRéH Hé‘a@ér@b)’\%s set to 271

ayer fornmed y the reactive ﬁ process,

kHz gnddhenestly t&;ﬂ@pram;g 3pnwcan sefdeo t3é6 0@ | qxddant ﬁ%n@d fuehgm 46 for the
burne? ggktgfn% C& ¥ e'gx nS al cigjrﬁxlgt?]%:?eaxie ecﬁ?élk] T Ié'glba Qné %xg 4%%45'&9’ toa
flow ramd)mmmmhd EhBatbd) mmpemmx’eef%@ @i fiheanithyherand vRgen in the
bumesaeBRENEE LEpe9dB!» Begrs T ameoued eiiErainos PANOYSZ (8% ¥
o] TP, 0 1 0y S48 A 0 i
58 wastheated Mﬁemtypéwmpsbmm@nmq iﬁmgs h@gﬁnirtp d0e < wértlm heoider 58.

A spagl(() Pg%‘t%& 'tlpegsp%r £ \.;vﬁi?e the blank solution was flowing in the tube 24 and the
burner assembly 54 maintained the flame. The flame 54 was brought close to the substrate
56 in a controlled manner by the use of linear motion system. Upon reaching a substrate 56
temperature of 960-1000 C, the blank solution was switched to the regular feedstock solution
12. Deposition of SDC lasted for 70 minutes. Upon completion of the deposition the
feedstock solution 12 was switched back to blank and the flame 54 was moved away
incrementally to minimize thermal shock to the substrate 56. The sample was then analyzed

by SEM as seen in Fig. 8.

Example 2
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[0063] The RSDT is al so capabl e of depositing ceramc
prot on-conducting filns as PEMFC el ectrol ytes, or
WEe@dneiosy ceram ¢ proton-conducti ng nanopowdePGI/@82006/001713
doping materials of PEMFC el ectrolytes. Both wll
enabl e PEMFCs to operate at 110 C or a hi gher
[0066]e P&t Bxample 2 Abilayee 0bPi argl Rt/darhontfecineiin REM Atel tells wa

deposid S RDT KB O3 e aeealeeonisF B AsHg Ve € ofoluene n
a conblifir40; $RALI9S gof PROFReARRadlid alty e QofRRinkHivbd iHGRIEAIY mixed.

and hydr ogén co n devi ces, which have
The selutioni13tvess heatetl 4013 5GC. §ﬂlpenlgqtﬂatetﬁ'r(a(tFxg Madh thisoexaimple was a

NafiogRGEL R, I iSRRI o e RS B tidne 54 0

that tﬁéﬁﬂ?ﬁﬂs 56¢@dRPhainthined Belolv 140 @Xmi'@ctlon plapeohsisted Ritially

DC was carried out on the apparatus as_illustrated in
only pf greams S439d 72 deorsthe initia cepesitiprsoifbe Bt ﬁ@énayer %entputh%Naﬁon ®
S r L
mem3f 35186 A08 88 ofulc RedHhiol Vs 3B i, The fyoquency of the

induaeibhynledltev(wm ® 2ekizeind the aezﬂlu%perumreéﬂ voasgetotb 200 C. The

oxidspf 48 B eusLes e Bk asscamlh oy Beri g Bane respectively.

The s‘h haighe40 Was$ sét 2P R AGwhie;of t VBN /AniR afid Hedtdd tdia tEﬁb@d{ure of 350 C.
er was added to the container and thoroughl

y
The mﬁhmo andoxyeen 46 incthe humenasseabilytwere Sgnited by atspatk. tAsubstrate
S [

56 of Rpion & e A P RABR S8, & Spurk ot Bk oA e
feedstack1@uwrasFrowing in &Bdulﬁ@%ﬁ thdﬂﬁumaSasdaﬁlblg 5&tnedintained the flame.

| an The bl ank. was, store separa e cont ai ner
The flgme %@%ﬁlﬁ&%@d R Brigiyncs of | B GO0 Lot SupSieta AP 4o AYid eny
subs&d?@d&ihé’g%k”fﬁé’lekﬂﬂe%ufé’%? RANB&AFhtL 56 Yal HRAidiAREd ﬁelo&—hao C. A

frequency of the iInduction heater 32 was set to
motigoHprograth wasset up 20 that thepeaction plungswonrld cower the 7 360 cm substrate

The P-IE nglggér%rﬁﬁgg Qb %Qsd ?%P%glte(p%§ lég% @ 8? ang ﬁl%usﬁlgg%ag? Saer cX'ed

ane res

ﬁomﬂiém&sloaqﬂurhesaaﬁdmv rate of 3 L/m n and heat ed to a
tenperature of 350 C. The net hane and oxygen in the
burner assenbly were ignited by a spark. A 17 nm round

006702 s Al s A b i, 1020
Vulcad¥(Ct 128nedrban dlslb:mddoh @8 g of propanol. The slurry 78 was atomized into a
spray 82. The atomization of slurry 78 was controlled by the supply of pressurized air 74 to
nozzles 80. The air supply pressure was 25 psi. The flow rate was determined by the
pressure on slurry 78, the pressure controlled by a pressure regulator 79 installed on the
compressed air line 81. Once the nozzles were operational, the substrate was moved back
into the reaction plume that now contained stream components 54, 72 and 82. The pressure
on slurry 78 was set to 5 psi. This resulted in the deposition of a layer consisting of Pt

particles 93 deposited onto carbon 95. Total time of the deposition was 15 minutes.

Industrial Applicability
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58 was heated by resistive heaters. The substrate 56
was heated to 400 C via the holder 58. A spark ignited
wo bm7sgosy 36 whil e the bl ank sol ution was fl orETIGARO06/001713
the tube 24 and the burner assenbly 54 naintained the
flame. The flame 54 was brought close to the substrate
56 in a controlled manner by the use of |inear notion
syst .. Upon reachj ng a subsftrate 56 t erature,of . .
100685 Tt e R BARIPoSR AP LS SIRCATERGH Eppligible in the
field bR &lisaRE g%écmém?% piddade At cdreRemblah&Y) itQFill ¥eappreciated that
[ asted for m nufes. Upon conpletion of the
the inyentian may he applicable die pthek fields whersrknownithermalsnraying methos are
; tgybleﬁnk and the flane 54 was noved away increnentally
bm‘?l ¥i°fi ni ze thermal shock to the substrate 56. The
sanpl e was then anal yzed by SEM as seen in Fig. 8.
Exanpl e 2[ 0066] In Exanple 2, a bilayer of Pt and
Pt/ carbon for use in PEMfuel cells was deposited by
RSDT. First, .75 g of Pt-acetylacetonate was di ssol ved
in 197.6 g of toluene in a container 10. Next, 39.5 g
of propane was added and the contai ner was thoroughly
m xed. The solution 12 was heated to 350 C. The
substrate 56 (Fig. 4) in this exanple was a Nafion(r)
menbrane. In this exanple, a set of air knives 72 was
used to cool the flame 54 so that the substrate 56 was
mai nt ai ned bel ow 140 C. The reaction plune consisted
initially only of streans 54 and 72 for the initia
deposition of the Pt sublayer 90 onto the Nafion (r)
menbrane 56. The flow rate of the Pt feedstock was set
to 4 m/mn. The frequency of the induction heater was
set to 271 kHz and the nozzle tenperature 35 was set
to 200 C. The oxidant 46 and fuel gas 50 for the
burner assenbly were oxygen and mnet hane respectively.
The shaping gas 40 was set to a flowrate of 1.95
L/mn and heated to a tenperature of 350 C. The
nmet hane 50 and oxygen 46 in the burner assenbly were
ignited by a spark. A substrate 56 of Nafion (r) was
pl aced onto a holder 58. A spark ignited the spray 36
while the feedstock 12 was flowing in the tube 24 and
the burner assenbly 55 nmaintained the flane. The fl ane
54 was mai ntained at a distance of 13 cmfromthe
substrate 56 to avoi d any substrate danmage. The
tenperature of the substrate 56 was nmi ntai ned bel ow
140 C. A
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noti on programwas set up so that the reaction plune
woul d cover the 7 X 7 cm substrate. The Pt subl ayer 45
W@ Edog/o43039 was deposited for 10 minutes, and t hBCT/CA2006/001713

substrate was renoved fromthe reaction plune 54 and
72. [0067] Next, a set of air shear nozzles 80 was

CLAIMBd to atom ze a slurry 78 of 0.28 g Vulcan XC- 72R
carbon dispersed in 68 g of propanol. The slurry 78

1. Wagn aipphiafRdfor nﬁl@nﬂalsﬂﬁ%xné%f al heachive Mighid ifedlsRkk, the apparatus
slurry 78 was control l'ed by the supply of pressurized

compaismgy4 to nozzles 80. The air supply pressure was 25

pS) f .rate was determ ned by the pressure on
a{fefa%.@%’éo?n%éﬂe?

slur pressure controlled by a pressure

I efirsl héabihg fileans $o1ohdatiflg @0ontehis ofah® fexdstock aorntaineN® & sdpercritical

Once the nozzl es were operational, the substrate was
tempeRg¥e back i nto the reaction plume that now cont ai ned

S t . . [ .
e[neﬁgﬁéamﬂﬁlﬁ} Somfbit ﬂa%n&néj %ﬁ? gorﬂlgga{?%éﬁﬁﬁéntﬁ% Eéebdstock container

slurry 78 was set to 5 psiI.
and aisgeosd pod fonflischdrging feeistock sthiersgeawid poirt having alsebst@Bially smaller

. e i on carbon95. Tof al ti 0 he.deposi,tion

size (8 Yo, S P> SRRELL APPreoRefipn daThe Eputap T isatecd, the

secoridénd T@iihg U 4486cifee Wikl @Nhdzziee tori ebifilatisd Folwf of Ahd Aikcharged
as applicable in the field of fuel cells and

cifically to produce fuel cell nmenbranes, it wll

oA B} ToP it oy R HETR AR R ToRRR) Ce o

ernmal sprayi ng net’hods are
t yepiubinigl cpnneota] tGla/sobfse bf adauxilipgrgas and focthe sévondport for delivering

..spraying of a reactive liquid feedstock, the apparatus
au’“@%ﬁ%%@i%ﬁﬁ“%“‘#%%st ock container, first heating neans

f OfecdiRPhédtig B4R NdiSpdatd lafstint A8 ToAdilit GRA R SREvd Rordheating the
feed supercritical tenperature, an el ongated tubul ar
(< sgqyﬁ

dlowing thyough the thamberpandt connected to the feedstock
c ' 0, r i |- t s
SO e Wb A L R e
the sécoad pohalonigiwth the atixiliaryggaeate a flow restriction for

the feedstock to be discharged, the second end form ng
or associated with a nozzle for collimting flow of

2.t heheippaRals3Rebrding to claim 1 wherein the tubing forms a sleeve surrounding the
conduit and the second heating means are disposed around both the conduit and the sleeve for

simultaneously heating the feedstock and the auxiliary gas.

3. The apparatus according to claim 2 wherein the sleeve for the auxiliary gas is

arranged coaxially and concentrically around the conduit.

4. The apparatus according to claim 1 wherein the conduit is formed of a tube of

gradually decreasing inner diameter from the first port to the second port.

5. The apparatus according to claim 1 wherein the chamber is formed of a number of

interconnected tubes of decreasing inner diameter from the first port to the second port.
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feedstock, punmp neans for delivering superheated
feedstock to the conduit, a tubing connected to a

waeowroesoed an auxiliary gas and to the second POF/CARWG/001713
delivering auxiliary gas to the second port, second
heati ng nmeans di sposed around the conduit and the

6. SI'ERvWph@tusheedriing tb BRirhdefifthecdonipridivigngs chnsit @heahd disposed for
chanber, and burner nmeans di sposed at . the secon

ort
distribyting @ eretqin Of sonep-Harmmabls gas Wrapyversely BdQ apathhet ge%m&jfeedstock
. i L as. 2. The apparatus
csaBffeh PR Mk RSy R UMY, D 1, TP opparay

bing fornms a sl eeve
surroundi ng the conduit and the second heati ng neans

7. ot BNEISE Irodeing YR SPeLaSeauS BRnEacans i inductive

haM%%Xi|iary gas. 3. The apparatus according to claim?2
erein the sleeve for the auxiliary gas is arranged
coaxi ally and concentrically around the conduit. 4.

Thg a ] .1 0 cﬁﬁi . e o) '
8. S orpﬁ’g&a&g;‘é&? %géq%%?a ua %/p é"e‘*g@z%s# ﬁa&oﬁﬁeg&r l%g&kﬁt supply
meandi disposéad td delivdr he spray Stregardf 4 gedondaryereactantpintd theSstream of the

Th ppar at us accor di to claim1l erejn the chanber
feedstack bt fassheen dinshrged Hom e apealn e igaied ubes of

decreasing inner dianeter fromthe first port to the

second port.6. The apparatus according to claim1
9.  f uFlehappacatwp aceording dasclaior 6 afurthere corapuiing secondanyr reactant supply

di stributi .a _curtain,of anon-fl anmabl a
meant ditpase 16, A8iVer ) sy drRerg of, € ReconfiPetaBatiito the stream of the
feedstick doameteshnt 6O hlteuggigond port and the nozzle. 7. The

apparatus according to claim1l wherein the second
heating nmeans is inductive heating. 8. The apparatus

a j | 1 tqh Ic&d ‘o di
0. 2CB GpRinkcbhalip d i 1 SheklBe 3180 BRI EN i diponcd
unifosiheatingydf easeptielby thereptirecfeedstock donduit.t he stream of the
feedstock after it has been discharged fromthe nozzle
and ignited. 9. The apparatus according to claime®6

11. f U infetiodCoryrasihp @ réRei08 daidfebdsckathe nfeflidd domprising

providing a conduit having an inlet port and an outlet port, the size of the outlet port
being significantly smaller than the size of the inlet port,

heating a reactive feedstock to a supercritical temperature,

passing the heated reactive feedstock under pressure through the chamber from the
inlet port to the outlet port to create a spray,

providing a sleeve around the conduit, the sleeve being in communication with a
source of an auxiliary gas and with the outlet port,

passing an auxiliary gas through the sleeve into the feedstock spray,

heating the sleeve and the chamber to maintain a supercritical temperature of the
feedstock and the auxiliary gas,

providing a flame at the outlet port of the feedstock and the auxiliary gas to ignite the
feedstock spray resulting in a reactive fluid flame spray at the exit port, and

controllably reducing the temperature of the flame spray to produce a desired degree

of reaction and to control the properties of particulate products of the reactive spray.
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nmeans di sposed to deliver a spray streamof a

secondary reactant into the stream of the feedstock
waloswristioeam of the air curtain. 10. The appar ap@ECA2006/001713

according to claim1 wherein the second heating neans

I's disposed for uniformheating of essentially the

entire feedstock conduit. 11. A method for spraying a

reactive fluid fe gtock t he et hod co

t

r|S|
12 pr ovi di TR &S GF tCIHEY iThg WRTelh (88 Sf5@r o1 SBRralabb rpdicing the
|
temp iy odrifisEs btyihg b Ao SHbRHC s iRE i f‘?‘ﬁfé@% gk dprey
reactive feedstock to a supercrltlcal tenperature

passi n the ted regac eedst.0 der essur .

P o ougrThen el AGpTRE ho Faito” B S0 A5 <oRipRes rlfoducing
spra}p@ﬂ’ A sﬁﬁal&ﬁ&ﬁﬁ@ BateRilodito thePatil bﬂﬂle&eﬁdtﬁ@\/spra@r 1ﬁttﬁ'deﬁ td€produce a

conduit, the sleeve beu@g in conmunication with a

combipggcogting resplting fiom theyeaghive faedstagk and the sunplemaqntasy material.
passing an auxiliary gas through the sleeve into the
feedst ock spray, heating the sleeve and the chanber to
14. mai nt ai Thea ntigel acdordiag| tot elajner Lwlmr&iﬁ thtespte df tsapplementary
and the au 1I| rovj din ane af .the outl et
mategghis Iapverpi i Bipsediive shies donisare o5 FOfy Bb e Jopgbustible gas
mtothggeagg%jﬁ;rgck spray resulting in a react ive fluid
| ame spray at the exit port, and controllably
redu0|ng the tenperature of the flane spray to produce
a desired degree of reaction and to control the
properties of particulate products of the reactive
spray.12. The nethod of claim 11 wherein the step of
controllably reducing the tenperature conprises
bl owi ng a non-conbustible gas into a path of the
feedst ock spray. 13. The nethod according to claim1l 1
whi ch further conprises introducing a spray of a
suppl enentary material into the path of the reactive
spray in order to produce a conbi ned coating resulting
fromthe reactive feedstock and the suppl enentary
material. 14. The nethod according to claim 13 wherein
the spray of supplenentary material is delivered into
the reactive spray downstream of entry of the
non- conbusti bl e gas
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into the reactive spray. ABSTRACT An apparatus and

nmet hod for open-atnosphere flane based spraying
wenp7oy®sa nozzle to preheat, pressurize and aPOICA2008/001713

nmechani cal |y punped reactive and flammable |iquid

solution through a snmall orifice or a nozzle and then

a set of pilot flanmes toABSTRUASIT t he spray. The liquid

feedstock is preheated to a supercritical tenperature

An appe ah& 3‘5&11&9 f&rh@peg%&xbﬁ)}éfédﬂ. e WaSSE rhviRe Iggﬁ&%‘?a nozzle to

raying due to a reduced 'size of the outlet
preheat)epressudge ol  dtomizec hameetanicelly tpumped oreattive andtflaminable liquid

suppl enent ary.. cal.l i mati ng,, or sheat hi as gl s

sotutiIB1cER & Shafh SR BF o itals gk DR L5 ofIB0 padian q, cpmbust the
sprayt heThkaRrplsd felistadidist prehdattdpo an@uiperthiticlagmpéanité béfkdtéaching the

heat ed before spraying. This arrangenment hel ps to
nozzlgmd@smrg@gp@@i eforeapraying |[due4ap radyced size of the outlet port of the
i f. e ' ) )

foedsRk. fonf Ehn (LR aftlintche R Saftheriary Yolliting, or sheathing, gas
is supplied to the flow channel of the feedstock and both the feedstock and the supplementary

gas are uniformly heated before spraying. This arrangement helps to avoid clogging of the
nozzle and results in satisfactory control of the properties of the particulate products of the
spraying procedure.
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