Reactive Spray Formation of Coatings and Powders
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This application is the National Stage of

I'nternational Application No. PCT/CA06/01713, filed

10/ 17/ 2006 which clains the benefit under 35

U S C 119(e) of U S. provisional application Serial

No. 60/726, 614, now abandoned, filed 10/17/2005.

[001] This invention, ternmed for identification

pur poses Raamtwvép@pfay“@epeéwqt@as amfeRavesrogy

(RSDT), relates to the deposition of coatings and to
pED6F FOE MRiENgoef powders, usually  of particle size

in the nanoneter range, by atom zing a reactive

1d feedstock conprising flanmmable conponents. In

”“%%ﬁfPHGﬁQPN'ﬁ@@ﬁMABO n open atnosphere flane based

spray technique that uses a nozzle to atom ze a

e ahiBptiaktioy isphspaidndl Stagé of |ste.inuﬁdnaxmpblr¢auwgh mﬁomamww
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deposition processes known collectively as thernal
{oo1§pr ayi ngmﬂh@ﬁm‘ml teBpER Yor Ngenaidtidl pBpmes Reavlive) Gp@ay Deposition

Techn% O%@T [%gsotgﬁetd!e |t15|$ f]lﬁ}:lt%gg ?nduf? ﬁ% dérnlatﬁola%f powders usually

of Pﬁﬁ“@? §3e iy WuW@OmﬂPhw sﬂxraéwﬁgg RrIERAYS tigylg fegdstock comprising
flamm@me tarioneras Sagetictler, RSHUlid £h dpeneitiosgheredlatgh beded ispiaptedhnique
DC_ar AC pl ol i :
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the"ﬁﬁ?&‘tfrpé&tﬂameﬁﬁ@CCPr@%W@tttPP Watine the material spends in
the plasma depends on the type of torch, gas flows
woqwm pl agnR«ERADNAARFEVi ces (i.e. cooling shrouds).
crostructure and spray eff|C|ency are partially
determ ned by torch design. Plasma processing is
[003gONSi deResktige By Oepdsiiyn Teetdunigguiells Altd e rsalbsev e ydeposition

procle&\é’?&nq%egoﬁ%/ctl\ge %wﬂla@%\ gﬁaquhgﬁglnsp?ﬁgmégﬁgglap a spraylng are

osition techni
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er mal nol ogy uel
the substrate. The Iength of tlme the material spends |n 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),



1) Flanme assisted vapour deposition (FAVD), in London

at the Inperial College of London (UK-1995), 1 2)
Oxy-acetyl ene conbusti on assi sted aerosol -chem ca

vapour deposition (OACAACD), in China at the:
University of Science and Technol ogy of China (China-
2004), la WD 2007/045089 PCT/ CA2006/ 001713 3)
Combusti on chenical vapour deposition (CCVD) at Mcro
Coating Technol ogies, Georgia Tech, and Nor t h

Car29| ' n%@&&ﬁﬁenw'dﬁﬁ&h&y adsldiA- ]agr%%)l-’chém ceh: | YEBus Plih¥sition

Pyrolysis 1n Zurich H Particle Te

DS, 1 i ties L oG IETen R T g
FI 20®1).Spray Pyrolysis at University of M chigan

(USA- 2004) [005] The techniques |listed above al
relate to a generalized process involving punping a
di ssol ved netal -organi c or netal -i norgani c precursor
t hrough an atom zi ng nozzle and conbusting the

atom zed spray. The atom zation of the liquid can be
acconplished by wultrasonics, air shear, liquid
pressure, dissolved gases, heat or a conbi nation of
energy inputs. Precursor solutions containing the
metal reactants required in the deposited filar are-

- punped -under pressure to the nozzle by use of a
syringe or HPLC punp. In addition, some techniques
feed the precursors to the conbustion nozzle as an
aerosol and the conbustion nozzle is not used in the
atom zation process. [006] In sone of the techniques,
a dissolved gas is added to the precursor solution to
aid in atom zation. The droplet size and

di stri bution has an inpact on the final coating and
is therefore inportant in the design/arrangenent of
the technique or type of atomi zer. Regardless of the
nozzl e type, the atom zed spray is then conbusted by
an ignition source such as a single pilot flame from
a point source or a ring of pilots surrounding the

“exit of the

la



nozzle.. An optimal ignition point nust be chosen
since igniting too.close to the exit of the nozzle
results in a fuel rich mxture that does not bum

wERFda¥os9hi | € igniting too far away result spdicdosno17i3
oxidant rich mxture. Pilot gases consist of nethane

and oxygen, hydrogen or an oxy-acetylene type gas.

Pk} QtorfiRRfsh é![eﬁn&ﬂ Riapdu? YepRitloRqCEVES) W&o@ﬁtﬁng’f‘ééﬁﬁologws
controllers or by passive rotamaters [ 007]

Déjsorgia T eshsand NarthsGasslinagytate Univessityy (1884UP%y

gzl re %gag{ %%a Ftcl)év]\:/lpn% ?ﬁ%%ggﬁgnﬁl{a ggc%ﬁboratory,

I(ﬁigmtlm@w%()ranme desired thickness of film The

di f
AT 1 e e Sy R By S PR Tuga-2000
boundary | ayer and the substrate tenperature. If a
10051 7 | o, e RIS HE FooVE ol et 40, SSheyaLiy Biootss Spyplying pumping
a dassw&atxﬁamargmﬁ@ 08 ShetdllinoReni¢ ipr&ursti Birouphead bOMiARE Hbfzie and

to supstrate). and hi gher concentratl ons of grecu sQr

combysging the, ptomized 1oty c 105 (atemization,af the l e accomphshed by
ultrasGHcH, DiFSHeat, ufa&dlﬁasﬁedmgg‘om&%& Hmwﬁbmmm

phase(of afil dlrectly on the substrate. |n ot er

Precutgpr 03 emmum e mg maptz@tsmw@gaﬁlhéwwtﬁlmmpmnped
450 / PgE t qf,i
méﬂ%{% BORE A COY IR0 o et VL Yo 3h B, some
technigues febrbthetprecussors tisthe agyibustionanioezie a5 @n laggogelrand the combustion
r ccurs fromspray to flane

nom{’ﬁn&l%agﬁ‘e%} E%&]%h%ﬁg'\?/\%m%y aggl oneration of particles

wi th poor adhe3| on occurs if the gap between the

noz esubstr te,is too large.. [008] Care., .
f006] ;0. o Fom§ Gt S PR, & St ari e AR i Proicpar hfiion 1o aid
in atoﬁﬁﬁaﬁaﬂ arhée dRiplet @bier«@tl | disigbutiol tha¥ 8@ imphet 81 theCfddl cdm and is

to deposition te tures whe he flame is brou
thereforg, fo 1 dhe J%%P&H%@gteé o?htﬁig fechnigug . pLy |tYRP eg rftomizer.

Regar@¥ssdfahé R6zAd 8p8Uhs tatdhifed 558y IsBerd agikthuRded 'H3SdnSighitien source

heaters or by another flane. T009] Additionally, the
such a5 @ #inglepilos fas Sromy s RRinkEmiFcesr agiges pilels swreuding th%@ut of the

nozzler A% bpitifal iBhRGH PO Tl 65 8ftsers Qnde) RGOSR the exit of th

depositi onlEitherrp?éat re i's ma ntai n?ﬂuﬁﬁr i ng f Ff) ¢ exit ot the
nozzleyregitshin a fuel rich mixture that does not bum easily while 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.c. distance from nozzle to substrate) and higher concentrations of precursor
material favour nucléation 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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[ 1010] The above-listed techniques differ in sone

respects such as the nethod of atom zation, type of

atom zer, solution injection geonetry and the fuel
wo's8dodstkot Ne flame.  Summaries of the techniguess@héoo1713

listed bel ow. [0011] Xu and col | eagues (3) at NC

State used a TQ 20- A2 Mei nhard nebul i zer for

Mafekifl0asd $ndll SdsNGhEurRRAttherPinlcMates llﬁara $ofl ah&ﬂi&l'tﬂ@sohds
of the atom zed Spray. In addition, a heating torch

agglomgmateniptel lrggr mtwlwe Thacproesss perarsirie spray to fasefip andbeyond. A

powd%]grﬂﬁﬁoﬁl%mhe of St ?1‘@-% ?ggﬁ%eig%&%%fﬂ%% 'ia&%gﬁﬂ% nozzle

and thersibatratsiis tooddrgsei ence and Technol ogy in China used a
nodi fi ed oxy-acetylene torch wth a 2 mm di aneter and
fitted at an angle of 45 angle to the substrate.

[008] Pr e cTure atust Metakerstmmbvmd tﬂeﬁnilhhoﬂomodmhm mdfy adhitrolling

the h?%tra om];d nebué{ ST ect ed di reﬁj'ggi{ﬁ;ﬁg Broug t very close to

the slﬂ:eﬁitermslﬁegeﬁsany &hxe E&Qag(ﬁ:e shlss&hiée&aﬁft&é back by resistive

ver si ons of this technol ogy, the flane is not
heathPbéYJ flamge precursor solvent but by an

oxy acetyl ene gas m xture. This process has been

med_ oxy- acetyl ene conbustion assisted . .
10091 aer a%dshﬁ@nlém theyheajryp gnd &@?lcﬁﬁmi mpst beyrerfaro) wittogb the| reactive
¢ d&ﬁétan{tf | Bintain

Tech@&fehgl e?ﬁ“ c%nsn sts o a prt‘gﬂ1 I et a?{? ed during film
growthpray/ conbusti on nozzle, the Nanomiser(r), that

functions on pressure and heat input for formation

of very small droplets that are then conbusted by a
[0010} ng'hef aboS&WGG&hﬂ;%@&Eﬁ‘ﬁﬁﬁ/ @#iﬁé)@&dpeﬁﬂ_m as the method of

e/o en pilot.lights. [ hat
stomiian, W, OF Mbee, St ek, perisi5eR &F g e ! fg fame
Surmﬂaﬂ&iﬁth@l&clﬁfiqﬁehﬁﬁﬂisﬁﬂﬂielo“dropl ets Whl ch has not been

attai nable by other technol ogies. A precursor
solution is delivered under pressure to the nozzle

[0011pnd e adde GolRhjpiis (3§ At NG Stb k&l 2 TReoA Meﬁﬂlafdsnebuhzer for
created by an unheated col i mati ntg gas [0014] Dr.

atomizipg apd aysyigle prigkpUotHametor dgmtion, pr the vlwéﬂmon, a
hcatm% Hﬁc%ﬁ@éﬂpﬁ%& {d the bARZH e %&Q@ﬁﬂa&&a Lmhgﬁﬁze% fhermal gradient

ferent off-the-shelf nebulizer. [0015] Steele an
Wﬂ%@?@&‘)ﬂﬂétbafwthﬁﬁ}&ﬂf# Col | ege of London have been

using a system

[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
sﬁbstrate. 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 (ODACAACVD),

[0013] The system at nGimat (formerly MicroCoating Technoiogics) consists of a
proprietary spray/combustion nozzle, the Nanomiser®, that functions on pressure and heat
mput for formation of very small droplets that are then combusted by a ring of
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of deposition naned fl ane assi sted vapor deposition

(FAVD). The systemwas first reported in 1995 and

wor k on SOFC cat hode naterials was published in 1997.
wolRerRsReess consists of an air atom zi ng NRZgZELnedAd1713

a separate flane. The air atom zer is directed at a

substrate on a hotplate and a separate flane is

meth@e/oR PRChilde ﬂi%ﬁ@d' #Y hindQ G hel PEcifY! ?é&ﬁé&ﬁoiaﬁ@ Nanomiser® -
. atonlzer atom zed spray passes hr ou

allows |famthe Jformasioncof; thesessmall deaplsts ehas mjoh rbeetspmx}able by other

tﬂchn@éél% %ﬁf?ﬁwﬁévar I e%%ﬂh(ﬁg{s‘#g ﬂave (%ﬁélaaﬁpﬂea% prior

to exib wherh @ shese fbrbgyis €@Rted byfap mheamdp:loﬁmmhhg gas. bisnuth
oxi de, ceria , zinc oxide, zinc oxidel/silica
conposites, platinunfalumna. Using this technique,
[0014p 3DC KNG Stateweespd optene sinfliP @hGingdt, hawever the INamamiser®

nozg e AR A B e S SHBSE 017] SCRG) PEW

(solid oxide fuel cell/proton exchange nmenbrane)
conmponents can be fabricated via routes such as

[oo15g, e&mmm (1) ahthe Amperipl Gollpgspf Iopdgn havederr Jting 2 system

of deﬁb@ﬁ@ﬂham é Bés&%d(@:@ depBiitisn Q@lvﬂﬁpﬁiéfsyﬂ&ﬁ%dstﬁ-ﬁ Yeported
sol -sputtering, Spin coatin slurry

in 199§mmgon §8§§r¢eﬂ199¢ @pterinlg w8 pedihel o9 o Thamaess consists of
E‘% gﬁ&té gﬁ@ Crylel o ﬁorﬁfz#:?%@&éd é&rﬁiﬁt&@e ona
have alFso been pr [ .

sente pat ent terat ure,
hotplatSartha eepasatesfl@nd is7ammgel @rpendiculsr betwees fI808bstaE: and atomizer.

e o PRy S 020

devel opnents have sone advantages, there is still a

for I ost pid pro t.hod .t hat
roonef o s, sras, Ptg TR (5h S Devefsmad of Sty ' orlpifin b D
Pratsifie€ @ xfaﬁétyl AIPEoduclithavéd begn lsiihé&siAl bg/FSPak @t example smca, bismuth
tenperatures,, 4 SUMVARY THE | NVENTI ON % 020 .
oxide, (Ey o FRFyOK{Es FECT PRILE(Fifich comRoNicy; Rigtinyg . sing this
techni§¥d) aSSSdnY sprhy Hfle PHIHREA 300 g of fifle@SHich RGing BRY R s dlspersmn
clearly i ndi cat es othermnse the use of singular node
gas. The pusticles arp soliqied in baghosse filtpOmMY | | n accor dance with
one aspect of the invention, there is provided an

appar at us
j0017] SOFC/PEM (solid oxide fuel cell/proton exchange membrane) oomponents can be

fabricated via routes such as electrochemical vapour deposition (EVD), chemical vapour

deposition (CVD), physical vapour deposition (PVD), 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.



for thermal spraying of a reactive liquid feedstock,

the apparatus conprising: a feedstock container for

a reactive liquid- feedstock; heating nmeans for

heati ng the contents of the feedstock container to a

supercritical tenperature; an el ongated tubul ar

conduit having a first end including an opening port
SUMMARE OF adiEtIvVENT@Ofl eedst ock cont ai ner and a second end

havi ng an exit port for discharging feedstock, the

exit port having a substantially smaller size than
[0030he opent Hig Plomngtspecifcpiiontadd £l oW IPEsPPIessy siatefl Giherwise or
unidst) énel @RS 66y littidaks Bumehss, geduse! diasirgeromdde tehotes also plural
ormng or associated wth a nozzle for collimating
| ow of the discharged feedstock; punp neans for
delivering feedstock to the conduit under pressure;
[00A] ChaI’TbEBrh’ a&@hRhee Wi dnbasmonatuid invdnhien, cleanib erovided mgapparatus
for &%rma ?IE% %F a retacggg ;ﬁ&i&‘ rf&e%stgrt,m% 'a!))ﬁ Fz{t%@r gﬁ:ﬁmggﬂj veJeGstock
contajfer f@r>@ 163%? hqwcﬁ fﬁ%ﬂﬁt@ﬁ*f \V@atﬁg meﬁfrmforrf@aw tog %Oﬁ%?.‘é af the feedstock
con@ihertt @ stificrieiean etipbrafufe] aib Blengziealrtiterar tawuit iway arigt eduencluding

an oggﬁa ﬁjgf BOQ'F ntléc eW tg e fgédgf&gbcoq'\l%%eﬁQr‘bdaréécoﬁooeMaoiﬂg’aEQe)at%rt for

mo

mperature o eedst ock
dchaiging oo F>§b@§fé&wa$ asHestaniially spalar ke e difi PeRige port to
credbd Tbwl regsb o ok theledstbdk th BaNieharged eheesebdndad torrsih@mvgassociated

mthm%%ozz h%r %Hﬁ?rhgtlngrf%wg&sme [ﬁgﬁ%l e ”BM:J Fﬁ@g}k faﬁ delivering

nvent nmber surroundi ng
feedsiek todhisnepnfiiit Unperaespurpir? mERfaaP TR Endlin die chamber being in
comimiMiEbh @i a bdiecesdf aemiaryfgas atdheithabéditipart for gelisering the auxiliary gas

to t@ef 5%%?9 gcggé(lhg%:t,n}f RS %%gata;auﬁ@h}w c&amymj ihg%hamber for

e condult 1Is
hea#r@ﬁhm‘aeq?fObeIQWhraﬁ%ta% F%rag' Rgrainipiaihe gpRsrrEticat tempgraie of ihe
feedstotk; bhd Bimdd@ficangd Oisficeed stale0adt poa ffdr.ignBing 0@ Epdstark when it leaves

. e conduit is fornmed of a nunber
me%@?@F?éﬁggﬁﬁ%%ggg&y?%ﬁes of decreasing inner dianeter
fromthe first port to the second port. [0026] In one
‘fooxnbodi mimnén ertifvdinsetditk ineatiannthe habingdoring aaharslreg edrréupding the
ni form heating of essentially the entire |ength of
e feedstock conduit. [0027] The apparatus may al so
conprlse gas curtain neans di sposed for distributing
[0023] curt & an ehbainreohof thaimedibe tgmgeeve fitembdxjiaiges is arranged

coaiiefll?QW&E%'(r%aliy%cﬁ’m@th@%&@uE’.f burni ng feedstock

COI’]

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

from the first port to the second port.



di scharged fromthe exit port and the nozzle. [0028]

Further, the apparatus may conprise suppl enentary

mat eri al reactant. supply mneans disposed to deliver a

streamof a reactant or reactants into the stream of

the feedstock after it has been discharged fromthe

nozzle and ignited. The delivery nmay take place with
[0025ne ai I In Gudtheniambbdimeethatcomivt it foemgeioofrd nghber @h dteapnnected
oS bAoA RNARAE RBMeLoriBfRe Aldondttid a1 . [ 0029]

n accordance wt anot her ‘aspect of the invention,

there is provided a nethod for spraying a reactive
[oods ui d f eedstadlodimehtethasédaatheatmgpndass isgrprged fad umgrraheating of
essgn%glg%etenhr%\fénﬂﬁ oft hta der ﬁétock%ar%uﬁmd a second end,

respecti vel |nc I ng an opening port and an exit

port, the size of the exit port being significantly
[ooxmal | er Thhappatdtes mayzascoforptive gap emiamgmeans dispeskee fog dsbihding a
curtgtﬁq)ffaoﬁcmfﬁg be é%§sﬁ/&l:a§1tj%q %r‘sber%lﬁ%L:epatrpfapydnqhd"gae@siock

nmber encl osin con uit, the chanber being 1n
dsc&%’ﬁ?ﬂﬁﬂ”b*ﬁ?%‘n"%%”ﬂ“ﬁ &l ce of an auxiliary gas and
with the exit port, pre-heating a reactive liquid

foodsfedst 0GP Me %Eﬁétﬁé sl %@rhpris@fmﬁﬂ&#éﬁfa% mﬁt@ﬁe‘alr@&taﬁwh%pply

reactive feedstock under pressure ﬁ%
meagd AETsed % S RS aRR A ﬂ{;eaﬁ?i?ftmf‘%?c’taﬂté L0 5{58?"@ bl feedstock
aftet nhhaswgbn tisnbanges rdne the moxAecmt éonied. Tieedbitancliasipkeyace with the air

curtQﬁ‘ﬁlSdpQrgticﬁm peatigds ?élé&brlnt \q8ifv¥ry Qéiﬁ? LSO dr bR of RatdRer

the feedstock spray, heati ng the chanber
and the conduit by inductive heating to maintain a

{O'Of%] percr III; E&erdanctqumqné’r}\w a%p&ﬁ of th@ mf:&ﬂgr? ek :s.gﬁ?/#ea@ @ method

xiliary gas, nltlngthefeedstock an he _
for sprayinb |aa¢§d!v€gfaed fopistopkrtes mphpcheprindsiag praviéing § €0 haying a first
| endfahéiﬁEec‘éﬂf &hd, @L‘péch%ly@ﬁﬁl&lm@ af bpenfg Yéx aﬁﬂaﬁlﬁlﬂﬁcﬂﬁ Bhe size of the exit
port be rﬁg rmgg@%@{%@%r%glﬂér th+ QQ gpﬁe r&gérrh%dpcma}{h #é%rnieé’nd forming or

assgqmtﬂsll wihentnarae: m\'@maﬁ chamber Ffﬁ@smtﬂw ?ﬁrnd't"héher gaeberveing in
comﬁﬂﬁlaéhoh RitPlaOlirck @f Bf ackiies das Gaditner exi @at, | pkgheating a reactive

ilqmd ?eeléftgclhl%g l%tef guo rerI]’C!:’l cal {e%ﬁgrgl{g% E%_s%%@é%d%éclt?% %j%gch_“:nder pressure

fhrom,olw ReEgut (UQ'BZET@ ‘FFPF@"‘Q Pee e therexihippit apbthipugl fepiogel¢ fp create a
feecﬁl@ﬁl&s;ﬁ@ﬁ phdsinB)a ANed Glixildnegdsahroaun the cideser inptthofeeddtatk spray,

whil§ 9 Jat%n %é %narXMeF %P& hﬁe QJn%"Yl Bﬁ%dkﬂw%%g’:m{; Rb gnagr#a 3 flercrital

resen
temgam;g(p@f @g fgﬁdstock and the auxmary gas, and igniting the feedstock and the auxiliary

gas spray resulting in a reactive fluid flame spray at the exit port.



the invention, Fig. 2 is a schematic view of anot her
enbodi nent of the apparatus, Fig. 3 is a schematic
view of yet another enbodi ment of the apparatus, Fig.
wobobhadsschematic representation of an exemy@iyaraosmot713
structure (Exanple 2) produced by the nethod of the
invention, Fig. 5 is a graph showing the effect of

er difallog" eﬂ%ﬁ] "Bk he 'DenOBf bS] £
“"Bﬁrenplglglr%aturé’,e 'E’.gg F{Ius rgétqesbet gffect o#ngqaesr?éﬂl o e
supplemeptary noterial inte theepytle ofi ther wactivegpray in lordes e prodyceSEbmbined
. i crostructure of. S iu Q i '
coatin ool e Feallivro B T VRBRRAEID stef. o o
a SDC made froma | ow concentration solution at a
' epnasi.ti | , r (left inmage) and edge
BRE}(J%&&“I’ r%tg ??D%E‘%b%a&ﬁ?égstrat es SEM microstructure
of a platinuml|ayer produced by the nethod of the
i nvention, Fig, 9b illustrates TEM of a cr

10031} {Tike erhomHAL| b depcribed i more ieaghby s of the Blompe description -

in conflrMiRitR HeWPhvinks iAanRR&GE r uct ured pl ati num deposited
on a Naflon substrate, Fig. | Qo is a TEM phot ogr aph

showi nBggt idin@veral] renresentation of an gphedireant pf the RISPT sppamatus of
i.1h. carbon and Naflon O particles, Fig. 11 ais :

schermati c representation of a catal yst |ayer

st r uct Figel isacchemmatic e efianathst anbediment of the@pparatus,

nanopag.tigl es r.od

i nve n?lls 1gné,:lsrfll %h%&°$$g ogyeé télﬂoghn%t%%] Icﬂ&r%'é:l %%teé@%t TPt

anot heFigcdtiahssherhaigareprekentiationref, an exainphny sthapee (Example 2)

produd bR pha oble dyebifonsi onal catal yst or adi ent -
producEg $¥s 4 BRiph RRéWiag thd effdte of potpéidicAlar gBéth (“air knife™) on
flame temperature,
Fig. 6 illustrates the effect of quench angles on flame temperature,
Fig. 7 illustrates SEM microstructure of a samarium doped ceria {(SDC)

“the in

electrolyte,
 Fig. 8 illustrates SEM microstructure of a SDC made from a low concentration
solution at 2 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 aggiomerates with Pt coated carbon particles,




Fig. 13 is a graph illustrating the performance of a
PEM cel | produced by the nethod of the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0032] As
represented schematically in Fig..1, an exenplary
apparatus (systen) of the invention includes a

nunber of precursor containers 100 with flow neters,
connect ed through a punp 110 to a spraying assenbly

(aI so t er med rignaz Ziluetra&s eshlingénsioda? Qatalftegradiert riaddyice26y the

agon1ze a liquid precursor or precursors

ons
maTﬁggmﬁ”waﬂwnaa W th conbustion gas and a collinmating
(sheat h) gas FigAl Sipgoeeh dipstiptivgdhe pefigimiange izl A9 Fb']%i’é'CEd by
the rheBoddteheanmemishce of a conbustion gas 140, each with
flow controllers, are-each connected to the spraying
assenbly 120. Dependlng on detailed structura
arrangenents shown in further figures, the product(s)
 DETHLECBESGRIBNON TiFckHESINVENTIONt hod are ei t her deposit ed
on a substrate 150 or collected in a separate
container 160. [0033] Turning now to Fig.
[0032hpar at A represeptgd sgheinaticalyovi i h InSFemRiRY éPPeafatU\fh(eystem) of the
invePioRGAHILEEY a ATledioNEreculsdr brtditera 10U tfiol ynetdrs, @onnected through a

pum?é@ét{§ O{F érmpxagge IJ g.]aés% @ﬂl }ﬁeﬂezz]teoaspen%w )d%boa The assembly 120

‘ ution precursor can

func@qr@éq]@torﬁﬁe a|llq{q1q:preqqr§@f @ra;:ﬁepurs%ﬂgq) When zglb%icwlglscombustlon gas and 2
colli@htihg {4heSth)as. ﬂOiony@ lof £ cljpretingSheathin @assIGh wed4 soveg obe cabustion
gas S8R Ritn HoP acgbtpollg 'y ,%ng?c n%nh‘@yedctgn ai | oy assambly 120

Ional di-SsO gas suc
Depgpidingt Hydetaiipt gtruckyal @ﬁ?'ﬂﬂ?ﬁleEFF SRvein f‘ffﬁf'eeﬁqmeaﬁ ﬁea‘if%clucti% of the
assdcRitddNéptait| rheditbdOdie tehiger clopdsaiédnen a lllpstrbteel J0emtceliectadiim@ separate
ComgM&ngle to heat the precursor to a supercritica
erature. [0035] The liquid precursor feedstock
solutlon 12 is kept under pressure in the container
[0033D and pumpg dcholvho (Hugm Ithenampilﬁtuby)f &igpdinp si@un imreore detail. The

-precﬁrlégre&lh?aﬁﬁﬁqo eﬁoﬁglad lgr{ é?)a El’ébl}r&r Pzﬁe@w algolveﬂp% pré)\gde a

ver ) |ver l'ines 16 and
feedgipek paidignatZed hwpfeﬁ“fé?f ‘Faﬁs‘iﬂ at P@?PW&%}%H‘C ngroaneriypefaliiq, gpecies,
slurrill pecrictit pabied. [The sohERt el ler=p atimunazrdapicasis@irbhd/may contain

o a.n a%%%tnﬁiyt%%ﬂ Ads‘llihl‘fjef L& gé%as%a?g; ﬁrwagg ginnaeﬂ'gl etfyy? %lnca%q %Q)xﬁié’ ge

as an opening port an exit port
The dianmeter (or size, in case of non-cylindrica
[oo3apbes) ofheatpetd ings2ied @ thagoginet ainethbater pingtshi@bjede beat the

a80r tA\s ShRMGL Ehelases the tube 24. The tube 24 is
prece%re H% tﬁ('r chg er 30 through a fitting 31

[0035] The liquid precursor feedstock 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 supercriical 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 encloses
the tube 24. The tube 24 is sealed to the chamber 30 through a fitting 31.



8 [0036] The open=ended tube 24 can be manufactured

~out of atraditional netallic material, or for
appl i cations such as cernmet depositions can be
replaced with a suitablé heat- resistant non-netallic
mat eri al such as graphite to allow higher
tenperatures of the deposition nedium It is not
necessary that the tube be of gradually decreasing

[0038] anet ermhe iopart-@fdd tideS24 BAGIbe rBanzfacto@n ahah getraditional metallic

mat?naE%r or Fg%@% Qi s Al agsclen]%t Q[Bo%r’u&%n:%ﬁcb%ergplgc%g %ﬁtﬁ %péuﬁgale heat-

enbodi nent ustrate
 resigtapt ger-metelie er{ateg@'d;ésh pneraphitgite Alaehionst tec"}?éfafw féfzﬁ deposition
medi@as Ita@ﬁmhe&s%ﬁfhat thé e 15 ohgradubiedesrmasihgediarGaert Inetbad, its inner

r .1 mm The
see Faf Pepb Ryl B bl eptthedlaB¥ondingt & M
about 4" (10 cm). [0038] An i nduction heater 32
[CO3UI I OuNndsthe bebeirastb Busti3Rd] toe rgenirddt nidé)enet diampeterdf thedube 24
was.%&outtotbgﬁ p&o&%srﬁmsﬁﬁeeﬁjmer (Evﬁlegs éle? %Q@&éﬁn&m&ae %l)J)lﬁb O&‘ﬂ' -or 0.1

érature o I's cantral by
mm t@ﬁﬁ?@ﬁfﬂtoﬁﬁh%t”@% ferr 8ot tegte olepwaRAPAY Y B CB’? press u re
(supplied by the punp 18), optional .
[003‘31 SSO' V%q/ rld%gfdﬁﬁwéeﬁ‘gr B RddRd chd?'r‘ib%r @@Btnaa,r@eﬁﬁ thé%pa%re of

nput (via I nduction heating 3
the wreqeﬁﬁftreaws b adeqdhrgk GPRHF e te *@Pr?eé%?f? gtsthw\’f’% 84 E&H"t?ﬁ’&e" by
a tefipblaiife Sadkrbldr 361 4 ubtibioatiogas peissae Msupblier ey tod pupJ8), optional
drss@@e%ﬁ‘gﬁeﬂea- gé (a&c}e?mgh@au%@qmeénh t?\@ét u%%t N%%%ugﬁoﬁ%ggtln 32) aid in

. sprayi’n onbustin
the ERRFURROAHTRTIEEEY %ﬁrﬁefug}ﬁ N ﬁ@a?e %\th?f.SP'df’c i aggpe e mixtore
of thefs prasése thiabtrdaesgoen iepline by uedd ditebtly fegrdcegsingt(i.2 8praying without
com[)l%qg’qq]or I%ebél?{f?%dg@dqﬁ'%u |y, é)E:fof biGer 9B GlsfalSPARRNRIbSery of

rea aval leint HPLC (high performance
the ¢4t@0t & chr onat ogr aphy) and RESS (rapi d expansi on of
supercritical spray) industries for storage and

[003@5' i ver )vanstEéFr%hv SRS G- ME %%mb&@ﬂi@]rea-ﬁnﬁav%mmbﬁ the HPLC

functions to prevent shortin

(i BPTOTS <8 ¢ GORREHABN) EMLRESOr s Hel SR Legh o
indudihies fgasordd® zan tieivary bhreinsombautioB0) t hr ough an auxiliary
connection 42, and exits the chanber at a tapered
ozzle exit 44. nozzl e 44 s.to ape, .. .
G RFET N L R N e
chargiel £ sirsath/Ayas e dhreretigodgbr Tlee g 49 eabesdthe ghaniter 38 threaghre® guxiliary

conr%éflc;n'ﬁgaﬁdh&ltg MQ%h%ep}ét 4 ﬁgergélﬁ&zﬁgax@ﬁél gae néﬁlemtacfsh@ shape,
nozzl e 44 of the chanb

accelleﬁ?tﬁﬁp%ﬁqust/ uwiitngﬁth d’éﬁt?s"?r?‘f%?] stm?m &ﬁ Wi”tnﬁ f? ﬁee% ptlaced onthe

strean0 B Exitinty ithegtutfesHicatthy pagaisg 4ftgas 40 out the nozzle 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 feedstock 12 flowing through the tube 24, but also the gas 40.



[0041] It is noted that the heater 32 is placed such
that it nmaintains the desired tenperature of both
the fluid feedstock 12 flowi ng through the tube 24,
but al so the gas 40. 9 [0042] Al though the fornmation
of a supercritical fluid is not necessary for
‘deposition with the equipnment specified, in cases
where a supercritical fluid is desired for a specific

[OogngSI ti gl{?lbu h tl%s’ %&llnatu}q fgggpe%‘lp& 117uAﬂ |§ﬁ(ﬁ n%s%%a&&ion with

ner at e SU rcri enterin
therroipinent spesiiediit gases Where @Wueea%r@'éa' ﬂ%@ qeﬁ'ffﬁcf‘?ﬁ %?Peﬂ%?eé?i’s'“"”
veskdl 10Snt S8 2t @aiaé Rbdddto tgaeerite B@rcatical Ridofriot teeentering the nozzle

as‘%ﬁw‘l}%p {n sgkl% tl.gSes GIQQ A}'Iﬁll(itlggl ﬁ?e;térqfﬁ' g ggé’doteln%rﬁau:f’@eQEﬁp?ratuEe of the

(fuel line 46
feeggpikdicner 48 and an OX|dant line 50 and contai ner 52)
and are-conbusted into a flame 54. The fuel and

dant [
Is,enb| ﬁﬁ;@q% dﬁ%‘e%%sbfi{%g Eget:eg %\'\tagﬂt ﬁpim kit B@Gﬂfenﬁfe 48, fuel

corpsameasﬁs 51 A PSRE RO S SRS PR DY B % T as%&? o The
fueCANAERIBAM Brealiréofedstydubing to & bilet Bxier agsembly ahehdiathiengre gomgbusted.
ei ght hol es through which the fuel and oxidant are

di rected.. The pil ot I asse
08 cqr at B AIRHDERESBBH SeronehE SIS 2RnSat pEentegly prown
 thel anit porgand hpvimgr e.g. c@hhicds thobugh whish the Atebansavijant|atiieetpre The pilot
bur-ﬁgleasgérgﬂﬁﬁséan' e ﬂ!ebr%ﬁeﬁ@r% He b%dﬁblttﬁé hattR 126 (asvﬁhbﬁh inl Fig. 1) or

mount a pLion
colgypt &1 ReSepRe gy [agt?&@ff The TS s D ipeR o B, UptgBode baien
mosyted @a hider Sthaticsn omibnally e headedt by a eater 80.e di ssol ved

in quuefied gas and/or an organic liquid mxture in

the vessel ases t hat

BB caca I19 GoSPATLR PEITIL B BaTS! e s fegahed
liquefiet gs-amsiohgr oreariefiquidimiurefin e vgeesey- tignef %ea%ﬂéﬁ&ﬂt Ravg been
suddeldhung E;Q‘@ﬁe'd Qno'ﬁ.@la\bﬁi%ﬁe EX1Bén @6:61eCAn0 YemethASt@dr. Qluéflee igbses can

be Igﬂ'glgn&g g?gth BFQSBI% F?S’Yeé'g %h#rﬁr%%H%s%R %gseri %E ?1639 @a;;abig/ Stcg ,‘"ﬁ%""’e 8rec:ursors
anbhat taerephuenal lonptiexd The PYASSUPTOBRTies | S48 HUt FA(MOR TS fo those
atthiluRS fthaR bR Rat 4temiz4tRe (Holling p@a Vkcosity| sicfas terysjonsetc.f. &omping 18
ensi on i
ang Stgrage corppob{a: itd 10 E}é{‘%ﬁ ﬁ%ﬁ 11he—aslﬂgf éhoirégﬁe&éa%" Qnﬁf‘éxﬁer%gy high

val are se ect ed ﬁ ow
PrasgureseliReioypof, pwndﬁqarggegqﬂr%%umﬁg 198 Canigr {5 dptrodygon 1 to the nozzle and
muck AT &iside &% raopzid i utlizd iCcgniuncion twith thetseamid bedt spuréend2o Primarily,

the {L%?rﬂ%étlar?teﬁ]ggratu%[Pr]em&gl@éd ﬁr@cﬁs@% hhﬂ@th@%é%ﬂlo% térﬁperature within

ction wth g segro eat Ss H K r S
theztbe B FREFSTPrS, them@bl %fo%?ﬁsgtﬁﬁn TPE ﬁp‘)é?%ﬁ?lis USSH TP
prepi@s@l iv edrepseaicdue So pevdtddtemserathres sud e isxsrellent sgeatian pioperties of

su Eﬁér&ﬁib&? 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 nozzle 44 that acts as a collimator for the spray 36 and flame 54. The
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the tube 24. Therefore, the nunber of solvents and
specific precursors used for precursor preparation
is increased due to el evated tenperatures and the
excel l ent sol vation properties of supercntica
fluids. [0046] As nentioned above, the resulting
spray 36 can then be conbusted or used directly in a

conlcaﬁspr\'aﬂ%{wnpd' @ﬁ%ﬁing ﬁvrtfbﬂ'mHﬁtﬁ@gwaﬁiBé@m lﬁé@ﬂlﬂﬁsﬁﬁea®dfgbﬁt&hﬁ%rns the
can be shaped by the wuse of a nozzle 44 th

|ammaa@arae > lugokhi et reame GFhergse issyyPRlipd JBm AESHYOH FE a@ﬂ heated by

copically narrow ng, collimating portion 44 of
”“ﬁ"?%@r€ﬁ§ 'ﬂr 30 is fed with a heated gas 40 that turns

the lamnar flame into a turbulent flow regine. The

[0047ﬂgzniss ang ﬁgrh% §? ec%rﬁ ojﬁe&} b% Sﬁ{%’&%’] Eitlc?\l%d %0&5% @@%sﬁgtg Ibs\é for thin film

de_pos:i}@? dk rsg@ﬁd W RS |oomdbeoumd ia treudepanatet @nBdef 660 fo |Cﬁilectlon of
ilm deposition as showmn in Fig. 2 it or can be used
ranonaficlehe separate contai ner 160 for collection of
nanoparticles. [0048] In Fig. 3, show ng anot her
enbodi nent of the aﬁmaum sane el enents as

(0048 1@ . PGSR PPRCUARS o U EPRRES RG R B o 1 Ho. 2are
mdu:aéld QR Mo rfdrefde Anfrad ElhRAts fI0L2 Shamitey for LIBAAO] As

shown 1n Fig. 3, the flanme can be guenched by a
non-fl ammabl e gas or liquid nediumto freeze the

[0()49{)6"’1Ct i on s'h&milmq: ni ga[ﬁ% fathe ¥ bEFuendhdd H'a MrLA=RERBIE GRS or liquid

e used as t umto provide gas curtain means
mediunoiogieee théeastiondt the ﬂar@ﬂ 54, M¥ates Al 9p Bifrpaes cpB Pe BeRdae dle rpgdium to

:prowcf ?pré’ltslcﬁ,rl[’gam PIeSRE ot:jjtq% E{bgaa? v%u@ IBQIhﬁgéfr (%ﬂﬁ'ot%lf %ﬁtlclé Properties

o4 ent rate Fig. 3, a nunber-of air
such 8¢ meaihslogyaandasigee th tie @mboaln@h’ellhmtratpé ipEigds.cungmtey of gir streams
T L
quendhrtﬁegﬂa}n&gn & dhort biglasdt whﬁe)@r@agngaawmmnmnmnmg eMyijopment. This turbulent
turbulent mx

i e 6P BUARDLRAT B SR TR a0 Pl e oo ofpatces

prior i%afebbé?tloﬁfbn R EWstrite. ﬂ’@ﬁﬁmetyl 7)) ailrstrhdims %2 sippliatl drom a source of
Al ternatively

th
compee§eRdcalr &f thr%hﬁl@%gaé g?r}l %?ler?ﬂ?%ﬁa%enﬁ#%m%gg ﬁfgne sgray stream,
creatif adbd-eGh& ot BRELMHot Aibthatddo It RecH basp thepmegurs shaddTpe directed

creating a so- called air horn, not illustrated. In
transugreel tdhe Eametsh@Ymedi um shoul d be di r ect ed

transversely to the flanme spray.

[0050] The positioning, flow rate, velocity and shape of the quench stream affect the adhesion
and efficiency of the deposition. Fig. 5§ and Fig. 6 show that the substrate temperature is
dramatically reduced by the introduction of the quench systemn and dependent on both the quench
- position and flow rate. By cooling the process stream in a short distance, the nozzie 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 atornisers are used to infroduce additional
materials into the process stream. The guench system 72, 74, 76 described above is intended to cooi

the process stream sufficiently and to create a turbulent mixing zone to allow
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[ 0050] The positioning, flow rate, velocity and shape
of the quench stream affect the adhesion and
efficiency of the deposition. Fig. 5 and Fig. 6 show
that the substrate tenperature is dramatically
reduced by the introduction of the quench system and
dependent on both the quench position and flow rate.
By cooling the process streamin a short distance,
the tuhi®r eaddicer oassmﬁnieytaﬂs@ﬁater@a;rto ltex depasitioa diteamnc Due tooBe kdjustable

natlgrg oF IP.S qﬁ%ﬁtskﬁérﬁ P 'egeﬁé?qﬁag r@l@%lan ﬂ?\;ehé)%%’ meltmg point or be

I Ncreasi n i Cle epositio
otheryiss tPReTHIGS SRR SHFMets HEPBWMEDHSeOR &E&t':&gﬁ'ecffpé%fsf & co-
depbsitioncasdieipois ishovaninaiup 13i viretd tis,a gaminbl afsd slarmomi eespsayed and
hd LoRdhal si s into the
cenfiEEnSTEE o} B Y RS LOMBhat B BE 26
descrtbed above is intended to cool the process
[0052] r eam sAsf &n exaenpld yf thiscbotdepasitientverizat, tibe laodit@nt of rasbomgnto the
depé%ﬁ Jtrgarﬁlehl% tlhtL, ftaltﬂ%tliﬂ-r'bt‘ &faﬁﬁhﬁidggateh%rbgﬁ particles with high active
uppl ementary naterials to the deposition steam Dde
S“”P‘E?%f??e adj ustable nature of the quench system the
suppl enentary materials can have a | ow nelting point
oo be qf Bﬁerréﬂfoﬁ% t&m@%tgtém.ﬁlmlu tanvr@ues%tbneestat fh@ps bringing

| Ononers used ect r odes h
the farme G9psy 19 éhes%atfﬁfff Allows gepegtafs Andl Pragis sCO%FOJ: BY?? éhenfswpemt“fe
profcbef ofawesdubmura;e A olbin spma yrediisapided mencbegdesgratbeas 4 lgank) is used

}24%&%55] gta&é B@tﬁgﬁe&gltla‘f LIpQr? a@é?fgxlnént %pé gwsfré‘te Mp@yature a

exa 1S CO I on va

ValVf* Hﬁesmgtafaﬁdtt? 5tﬁ:n5? t rrg? B%Lﬁlo? mn&ﬁll’tlr",gedlssaig%%fgilﬁr%ﬁ gttns glﬁ)ﬁ;‘s the start
of ttael depusitiot Feebef donerat theowptiofzeq teaipenatura foomihexionc Sinfilarty, the reverse can

be&%ﬁé&ﬂtﬁé&m%o%&ébo?uh&h active surface area. [0053] In

oper ati on, warmng programw th small controlled

i ncrenment al steps bringing the flame closer to the
APRULSIOMOE THEIINVIENTI@NMeat abl e and preci se control over
Low Tndeflie'stjrer €  profile of the substrate. A-'solution

m nus the dissolved precursors (designated as a

bl ank) is used for a pre- heating stage of the
[008Eposi t ifometallgpprrriat SOFE ieeant argiitegivre gavisiang) &t ¢nableSOFCs to have
hight FeRES R i co, hlglateyﬁ)lhtysang Wgﬁ anasliith. HowBRR Is feQuifed that SOFCs

sol ution containin ol ved precursors. This all ows
N s R S G RT

optim zed tenperature for adhesion. Simlarly, the
[(l()ffSEV‘:-‘r Se ThaRrst BRedARE uRder IdEsiIgREN @ tha dERRASH & tfsolid oxide fuel
cell electlr_oly?eA r-E,Iatgn\a!tl %:m;-rH% o’r\alc\e/ c’:\gr-tla%C) 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 pdrou's structures to be deposited on this substraté. The
fabrication of the necessary active layers can be completed in situ, without a Iengthy high
temperature post-processing step. The removal of this step should eliminate uhfavourable
reactions between consecutive layers of the final fuel cell and material shrinkage and cracking

that can be commen in conventional processing techniques.
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Low Tenperature SOFC [ 0054] A metal supported SOFC i s
an architecture envisioned to enabl eSOFCs to have
hi gh power output, |low cost, high reliability and

wolth§haSids abi ity. However, this requires thgt; RS /001713
operate-at | ower tenperatures to avoi d oxi dati on.

[0055] The first case study under investigation is

sl dEfoditiei s i ko .
ot trolyte %{Oerl a{kﬁgang#rpﬂlmg%gb 5 °d°f8Ad°P°d

yttrmlp@tﬂbﬂ@ﬂ@ en'ma Thosrtutmdormpiigedtmsistsaif o gcmwtrannnﬂf@DC

IOml\é):(a%%Q e 'to @é@%ﬂ%ﬁ%@ﬂeﬁ% Jfaoc?ltaﬁérfgpof’&gioﬁ“ e‘%‘svéejse

chosembabesh on thedr selvaticr chaestetristidsdotbp clsiserepiecursdr Imegals. The precursor

materﬁﬂ%bsnsatgcgﬂf The oi.%ﬁ’@i’catl ng(?{_%ﬁw%‘{wecessa% ?{%t%ﬁéﬂ%‘e(s -

acac) hﬂu@h in IR edtivk BT B0% eaharfun® SRES0% Gerfiln€ [PreciROrsa@d @Y organic
of thig,step should elim na& unf vourabl e react |ﬁ%e§

solven g afded A 8n apmrpRriate yeggel mad then saled: Nerh t yepsel ggpsiaed with

m-meﬁ%tﬂ&taﬁﬂﬂ@coﬁ!&hisl‘%?&m&%&ﬁ@@b ng that can be

common in conventional processing techniques. 12 WO
2007/ 045089 PCT/ CA2006/ 001713 Initial depositions
10056}, dhgdenasitionderaperafurpwasin tangeref 200- K100 Coon the pdge of the substrate.

The d 35688bn %?é% On@{%gt ! dﬂ)&fdnﬂ'{héhé&gnbﬁ Ste Wk GPFYoRimately 0.280

e solutlon consi sts
um/mmoﬂ‘hennmastr@hge &xf soBP@hat ¢lumdvicoand appedrd toThe“wpliflewdrs in shape

Withe\%éflgldiﬁ osen ase&%%%ggr solegéﬁmg¥ deeélg%sagilummthe

I on c aracteristics
centerfod thetsamplehasseen r Biguresor netal s. The precursor
mat eri al s consisted of cerium2 ethyl hexanoat e

- and, samari um acetyl acetonate (Sm acac)
PEMW?HI’WP rati os of. 10% samari um and 90% ceri um
Precursors and liquid organic solvents were added to

[0057RN MR hHOdIf EheMiftGemBibn Bdithd dppReER Pr&tfhce Sl8dtfocathl¥Sts. In this
c{mtem(t}das,el was filled with, di-nethyl ether apnd the

wsthed gan e spmmanzed iy the &moyvmq fousseositld PYIBPIBE B Presursor
solutidnSiRGIndHhiSer\B alofniZiAf iR préculBPsol8RR, B) @&n&%ﬁoﬁgﬂﬁeﬁfocess

the substrate. The deposition sol uti on was

streamgpdoran eptalyy narqslister vener.ragd @M@ﬂm@mmm :
carbo WieP and' oﬁﬁﬁéﬁﬁbﬁﬁé&%rﬁr& ﬁﬁﬁ%ﬁﬁ%’ﬂﬂ% afi 2 emglﬁ r@e%ﬂ)rane.

pears t aul 1
During tb@.ﬁmm; chemicat precersdrs suchias inretal initeatesor mehd oeghgiss afnong

othersta;bedlsc‘sgoi‘%g u?ﬂﬂtaﬁg §Ll|v¥nts, whith Al&) &c@ % 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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center of the sanple, as seen in Figure 8. PEMFCVEA
Fabrication [0057] The nethod of the invention can be
applied to produce electrocatalysts. In this

Wo%ﬁlﬁ%‘ffw the nethod can be sumarized in thgricaze06/001713
folTowmng four steps: (1) punping a precursor
solution into an atom zer, (2) atom zing. the

conaf G55 PRl e S A0, Bk ABGA 9 imes
signifivantiymgdude theatost gi3he matedals pihilemaimtaihing bightyerformmnde r

and optionally an iononer before depositing onto an

el ectrolyte nenbrane. During the first. step,

[0060% he IThegrodessarfulisinvention ¢hfladbleredcigh ko dlloat for the depdsition of

or gani.cs anpn thers are dissolyed jn  suitable .
Iayers SORGUNRES SRR oth W plane and BerpEN s foibe dEHSIOR siece. This
gradicfftfibe 156 18nBinBéraRe §l6otatiB¥t 1ayes & GftintlkSHhe bostand N

water and then mxed with a suitable fuel. 100581 The
performapeenf thgmsmbne phie addressing the prpblsms pssoeated withmpass transport

the AR RiizilonP DR Sifler Hand, b the MibroSR¥e 1N ECL and
?nd Figure 10a ao[?g | Oo. 100555?)99 gur eﬂﬁilea and | | b show
increasiog theceatalyyst ytilization and-mass jravspgrt fighes @0V qap ba Achicved oven at

a

lower S3HRRE bE el B ARG s BORGPE A CA layer
could be ifcerperaigdantorafuekdelll . Creating a structure with a

hi gh surface area allows for better mass ‘transport

of the oxidant to the active catalyst sites.
[00611\ddiA hovehhgpficatidhof REDTo thé mpinfhdtwre of 4 PBEMDBC can be

20071045089, PCT/ CA2006/ Q01713 contai in the
accomp, Wgﬁwg}&g %“’88‘%‘?9&% ?%%Wﬂ%&e fngineered structure
ofplaﬁmm;d' ,qaln%vyhedlby bt R ?%Mddt'@a,pliltﬂumsdsvm: lgmm‘.rﬂ i_?haﬂigln)ét hi¢ Ob & 10a.

r uce e CO0S e erials, Ile mal ntal ni.n
Due %&ﬁﬂ%@kﬂm%}w&ﬁy %ﬂ PFREDESEraY Preosss, ?hﬁMRgﬁ Yyfpared
layer ha3 nhdcB bletidr HoRRAY Sedpth Ad!BMEdIRG nibRsHeRRS] Ak RB110fue to the

. layers containing a ?raqli ent both in EI ane and
ability e deposifiadignserthindayes of platimum.ttheigclugien gee ionpiper can be
ignifflhf} | Bflced BlleiBfinkid ditd gieP HhilE Gl SHifiniBh Gl HeABidnkS
Sign ayg'}r to opt?m ze the cost and perforngﬁfcge1 of the

menbr ane whil e addressing the probl ens associ at ed

g ) he o .

me&zr"‘he'}% e?‘g %%%?Hg{/é%%gm ng u°|§ ﬁ@f}rﬁﬁ racu)éscprn!b%l?ﬁr € Ir?% & the
RSDTHEbceaswith phitinea doading shenifiantly less thag that preparedhbyacnivend®sal
tect .tqlrleasnsport, hi gher power can be achi eved even at

Proton Conducting Ceramics

[0063] The RSDT is also capable of depositing ceramic proton-conducting films as
PEMFC electrolytes, or producing ceramic proton-conductixig 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]  1In addition, RSDT can be used for preparing ceramic proton-conducting

membranes for hydrogen purification and hydrogen compression devices, which have much

14



| ower | oadings of catalyst. Fiugre 12 schematically
shows how such a tailored catalyst |layer could be
incorporated into a fuel cell. [00611 A novel _
application of RSDT to the manufacture of a PEMFC can
be acconplished by depositing an el ectrocatal yst

| ayer consisting of a thin englneered structure

higher meeh apivahgtrengh) 9ol tsphRelogeansicag apH8iT shmch gher
o Arrsbrdn, Due to the
tem ?nln e#g%trocata ;égmﬁggg ?orned b§nthe reactive

spray process, the RSDT prepared |ayer has nuch
EXAMBEESer bonding strength and controlled '
mcrostructure. As well, due to the ability to
Exampliclposit a dense thin |ayer of platinum the inclusion
of an iononer can be significantly reduced or

[0065] €| | HiBxanpR 12 HéRgRiohof ST W catriddlondbi thi Rppigathii ﬁmustmed in
' shows the initial .

performance. [0062] Figure 1
Fig. 2. fsa%dﬁmé S0lyHens '“é‘é%'lst PRETYRS PEAPFE ity 8 phe
saman Eo‘?ﬁt% (Ynl 2o Al 4B d1QRAIAS GhIRdhheAN I enFSS

an t repared ‘by conventional t'echni ques.
dxssolved ool tg R f gl Ceangaine s O] 058811 5h eraRsf apeong waye added

tothe oG AR () Blo JIEARR ke LRI oFr T (12 CHEP M ol

added tp fletcontaien ahshhbmgghia ﬁhq.’mnd &hs cadaigky wan geatﬁhmdSDﬂ ® thit the

. PENVF ectr. | e PEMF
soution, 5] € il sOfion” i esone SRRRGT A Ha0e el the same o
the first’ tﬁﬂm&h&g Tﬂz-h&y‘, ahé Chlftﬁegghwc'i: iga.ﬁ ﬂd:ﬂr?ateld a Iﬂankéi‘énglank wis stored
i comTerC| al | on o ecnno
in & SepaTRL; qcmﬁwr %%%W%f%%&? § ﬁ?wm 5’3‘? o %%P@Pank
solutiol W& ﬁ@s&%lﬁfé Ad28le. TRORERBAS (ke IMYEHHOE BBater 32 was set to 271

urification and hydrogen conpression deV|ces

vwhi ch
KHz and thpaorsle fFbETRTE 4 5195 REEMASH GolTHE ¥ GHISOR Ao il 238 46 for the
burner &EQ}%I%'“%F@A VS HROh OB ARG E AR O PRIcAh 1ﬁ§ Mﬂw&lsehsr

ature and pressure than those mnt

flow ratrr@frb Lémmsand ExatkPlorcenpratpt of 154 008 m mhm@m)épm@ in the
bumer SSR03 WeRltefled e YAk Q%Y nifl rAith sWlubASCRAVALYE B3 v

stabilized) was placed onto a holder 58 and heid on a vacuum chuck. Additionally, the holder

- 58 was heated by resistive heaters. The substrate 56 was heated to 400 C via the holder 58.
A spark ignited the spray 36 while the blank solution was ﬂowiﬁg in the tube 24 and the
burner assembly 55 méintained the flame. The flame 54 was brought clos’é to the substrate
56ma controlled manner by the ﬁse 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 completlon of the deposmon 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.

* Example2
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Fig. 2. Two feedstock solutions were made. The first
one was prepared with 0.46 g of samarium
acetyl acetonate (Smacac) and 4.67 g of cerium?2
et hyl hexanoate (Ce-2eh) dissolved into 47.5 g of
toluene in a container 10. Next, 215.3 grans of
acetone were added to the container 10 and the
cont ai ner was_capped off 112 f di net hyl
10086, s Prei 2 Stpeel o B PR BB G e 7 B IO y
- deposBBN RTOTTHRY, CﬂagtcﬂPﬂﬁetyMQoriMe%dils%@véﬂﬁmﬁ Pofltdidne irhe
solution fornmed a supercritical sol.ution. The second

a contaipgr 1. Wext R&S 9 RERIEPaE% et $ofeq HW theoptainer wap Hiaropgiheixgg, ¢

The det;BH @iJ\tvasS{Ebt%Q a2 1He sdRbaaBE (R S) iH 8N SBAbIE dads
The bl ank was stored in a separate container

Natﬁor@)merrrfrr@?ep \oris Quagpised setef & ivesy %\@éﬁSéJS%ﬁ to gogitherdpme ahep
tiat th% B&sRhid @é‘wassr% ME.hé’d“béWM@%S Fhrech bR Elhrlﬂé B Gitial jh

requency of the 1 nduction heater was set to
only oflefstreanchnt F2anidlame 84 foethp bitisidapasiigBof ha St sblayar enighe C.

Nafi on@%enﬁ%‘% af')%t Tﬁcpﬂomgte oﬂﬁé Ptg@e%stﬁ& vta@ rsettt@t? mllrth r ?P?erfre_%ency of the

y were oxygen and methane respecti vel
inductioh bgptergrag aat tolZY 1Wdis agkihe nopzte terigeaiure 8% wapfet ® 2@0 @ nhand

omdangg@adxg gueE %as%ﬁ ¥o?[ﬁ%ulprﬁérlrjarss:esn"ns nwjgel e oxﬁen ang me %lﬂ%@%e&iogy
The stapiad das 4Bwas setidarfiiown nte & U [9s Lingt and héataf to hlnte@phﬁsmre(cﬁ 260C
st abi d) wa ed ont o hol der a
The SR AR GRS AR OIST Ty o Sty g e o
56 of Nhﬁor@ﬁds%fabéd&ml’dﬁﬂfoﬂéﬁw A bsarisytinad ﬂhak;ﬁa@% whasthdieat ed to
ia the holder 58. A's the%%ray 36

feeostig 7 821 MR LB AATdiF (R RPN T e g

The fiaatha WA mahidinBe4t RARERBDI 3 28 roRitisabtad sbheavbiiane. The
flame 54 was brought close to the substrate 56 in a

substrglg derpesel B ieraRpmiEeIshthe Astiie So ey MaREPCRAMOIOSy 8t em
motiongi?@?anﬁ fFachi ﬂ)gso%a'i 1R Sk R Blurf woli8 BRRF it WKe caf suB§8re1000

bl ank sol ution was swtched to the regul ar
The Pifssiblaber (igk) wias danpsied for 20 minsiseand fheustratemes IeRsvesy f or

from tHeSe BB E sHRQcompl etion of the deposition the
rom i e%s't o%E‘ﬁgol ution 12 was swi tched back to bl ank and

the flanme 54 was noved away increnentally to

[0(:)67?I nlkk%ﬂ é%ettol? %lar ﬁ&%&é‘Sé VQastulg %Bﬁ‘ﬁzre%tsﬁjrr? 68 oﬂ-d'}?B g Vulcan XC-
€ wa analyzed by S M as seen’in
72R cEﬂoam@kr@rSEd mEﬁS[gG@@@})aﬂqh Theshp) €8 ®as ajorhirdddpte p Smay 82, Taﬁd
atomlﬂ émc ran%P?é \9&(5 cgﬁ’t?ollécpbyp I@éJpHI? l)f p(r:gsls 2ed'@574 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: flame 54, air stream 72 and spray 82. The pressure on slurry 78 was setto &

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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deposited by RSDT First, .75 g of Pt-acetyl acetonate

was dissolved in 197.6 g of toluene in a container

10. Next; 39.5 g of propane was added and the
woSeaseer was thoroughly mxed. The sol utigfrdLzondmi7is

heated to 350 C. The substrate 56 (Fig. 4) in this

exanple was a Nation(r) nenbrane. In this exanple, a

set of air knives 72 was used to cool the flane 54 o)

that the substrate 56 was t%al nt ai ned. pel, ow 140 b h&
10068} o Whilsthe mygeiionding beqnagentified inyfhe gpe applicable in the

field o??ﬁe@ ééﬂsaaﬂé speziffidfly td froBuceSudl QEll kbRibiankd, itadill Be RpySrbdihtedthat

sublayer onto the Nafion (r) nenbrane 56.
the indemtion m@was sprdicalle thethen ficldsovhsroleiowneherga} spraying methods are
fﬂﬁﬂﬂg n. The frequency of the induction heater was

0 271 kHz and the nozzle tenperature 35 was set
to 200 C. The oxidant 50 and fuel gas 46 for the
burner assenbly were oxygen and mnet hane respectively.
The shaping gas 40 was set to a flowrate of 1.95
Unn 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 mmintained the flane. The
flanme 54 was maintained at a distance of 13 cm from
the substrate 56 to avoid any substrate damage. The
tenperature of the substrate 56 was nmai ntai ned bel ow
140 C. A notion programwas set up so that the
reacti on plume would cover the 7 X 7 cm substrate.
The Pt sublayer (Fig 4) was deposited for 10 m nutes,
and the substrate was renoved fromthe reaction
plume 54 and 72. [0067] Next, a set of air shear
nozzles 80 was used to atom ze a slurry 78 of 0.28 g
Vul can XC- 72R carbon dispersed in 68 g of propanol.
The slurry 78 was atom zed into a spray 82. The
atom zation 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 determ ned by
the pressure on slurry 78, the pressure controlled
by a pressure regulator 79 installed on the
conpressed air line 81. Once the nozzles were
operational, the substrate was noved back into the
reacti on plune that now contai ned stream conponents:
flame 54, air stream 72 and spray 82. The pressure on
slurry 78 was set to 5 psi. This resulted in the
deposition of a |ayer consisting of Pt particles 93
deposited onto carbon 95.
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Total tinme of the deposition was 15 m nutes.
I ndustrial Applicability 16 WO 2007/ 045089
PCT/ CA2006/ 001713 100681 Wil e the invention has
been identified in the specification as applicable in
the field of fuel cells and specifically to produce
fuel cell menbranes, it will be appreciated that t he
i nventi on maybe applicable to other fields where
known thermal spraying nethods are typically used.
17 CLAIM5 1. An apparatus for thermal spraying of a
CLAIMSeactive liquid feedstock, the apparatus conprising:
a feedstock container for a (ﬁactlve ‘

i d
Fecas Pocanpersih ionf el @iy Be Bederaiue i iy e goparatus
Cmnm%ﬂ fee?stock confalner to a supercrltlcm
erature; an el ongate conduit having a
5! fﬁ@@s‘t%‘?lfcpoi“??ﬂelﬁé‘?rr?gregﬁ'vﬁgg‘ﬁ#E da{?P connect ed t g t he
i ?ﬁg% Riekns Rt IRIaNAE tHRNEbneerte obﬂné feextbtduanvdontairen te i supercritical

or discharging feedstock, the exit port havin
tempe‘@t‘g@tbst antially smaller size than t he openi ng port tg

(‘efnea%r%aﬂadfthﬂmlarf &siduit néumgla ﬁrfst)end helufiine d opering porbeonnected to

the feeéisﬁ)gg%ra S%SF an Fsr%fgon t]e QﬁM O%ﬂtp%rrt @fé‘éﬁ&a@%ﬁ& falgbidck, the
exit p&ﬂ%ﬂﬁ@@kubsmmllmﬁibr tice okl the epening bed i cisale a flow Frstriction

for thecfgﬁg%%p%k t%%egléﬂ{?ﬁ% e ; sofill %Hg%mﬁﬁ%%sﬂ&a’kﬁ Qith a nozzle for

elng In communi cation wth a
collimaiiag fiew of e cﬁaﬂhatgearfgedgmkand with the exit port for

deliverin a

i ch?‘??/'é&ﬁeg?qwe%gﬁ%g g B%és eolljtj E\i? gﬁdr%rbtr%gﬁ%o ndui t
: anchdnhier ehalosieg ttﬁeotcodde&tihﬁ gharlesr bRigdR comrUpicaligmyyth a source
of auxélgr}h%ég SP% rt?\lﬁh g?en%ﬁ é)torttfgr {/éﬁr@'tﬂe Elﬁl@laﬁ% t6 tthd &xgtdort;

tock and
inductive heating means disposed around the conduit and the chamber for heating the

feedstock fiowing through the conduit to maintain the supercritical temperature of the

feedstock; and ‘
burner means disposed at the exit port for igniting said feedstock when it leaves the

exit port along with the auxiliary gas. -

2. The apparatus according fo claim 1 wherein the inductive heating means is
disposed around both the conduit and the chamber for simultaneously heating the feedstock

and the auxiliary gas.

3. The apparatus according o claim 2 wherein the chamber 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 opening port to the exit port.

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

of interconnected tubes of decreasing inner diameter from the dpening port to the exit port.
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burner neans di sposed at the exit port for igniting
said feedstock when it |eaves the exit port along
with the auxiliary gas. 2. The apparatus according to

~claim1l wherein the inductive heating neans is

" di sposed around both the conduit and the chanber for

si mul taneously heating the feedstock and the
auxiliary gas. 3. The apparatus according to claim 2
wherein the chanber is arranged coaxially and

concentrically around the cond p
& cor diNggaRRFT S 3" Ui]gfel‘ioeigI ﬂ gug dwrF S?%f @:Ssah;lﬁa? means
dispos%d tfé’rktﬁstﬁﬁutlng odlialn c)f edmf—msmalge |gas1 ganslicmehtiete o pashrof burning
peni ng port tq &ﬁ 541 5. The appar at us
feedsta%%mamf t@”’b’fhg%‘ PoRar Hign e conduit is formed of

a nunber |nterconnected t ubes of decreasing inner .
d| aneter fromthe o r B Hebtinal@eans is an
- The ALt @ %Fé’ I{&%aﬁ t f“gﬁehﬁqﬁe urtther <hting!

RF incﬁ:@rmfh@ltemg gas curt ai n means di sposed for
distributing a curtain of a non-flammabl e gas
transversely into a path of burning feedstock
d8.scharigeabplratos bmeraing to gaim 1 Amer ermpisig) sypplementgy material

suppiyhlﬁg%frsa ﬁg%%?ootﬁeqfvgrga ts;%é Ladbdh b wWREhSemertths rhélé’r‘ié@ frito/ the streém

iS an uction heater. 8.
of the Saziatoak afseratdtasrtmenghacbar@eﬁfrﬁm the 09@%@“%’8%‘&% si ng
suppl enentary nmaterial supply nmeans di sposed to
del'iver a spray stream of a supplenentary materia |
i ait 0 t Tree appeeatns agfording ( eaigse BElbenpqraprsng %&E‘EB‘&BWW materia

supptydrlngg at! %ﬁ:@e& {@@%Rgﬁa §&%§ lsfeNGf b BOpEIGHent8ry mdterial into the stream

S accor % to Cclaim6 further conprising
of thei&q@ptoehéwm’ﬂ'@al’f’a@fé ¢ gfs cwiavpl y neans di sposed to
deliver a spray stream of a suppl ement ary rmterl al
into the stream of the feedst tr
948 cufhsappparalys apgerd gﬁpf&r%?‘l]b? "?’8‘['?&’ eﬁ?’% means is
dlspoé@a%?reurﬂ‘oﬁﬂﬁeétﬁﬁu&te'syeﬁxtlaﬂaﬁmb @gtu@ﬁ%&tdcﬁ coddustposed for -
uni form heating of essentially the entire feedstock

conduit. 11. A nethod for spraying a reactive fluid
f epdst RGlethddver Bpkliag aceamnive sitiddeedstock, the method comprising:

providing a conduit having a first end and a second end, respectively including an
opening port and an exit port, the size of-the exit port being significantly smaller than the size
of the opening port, the second end forming or associated with a nozzle,

providing a chamber enclosing the conduit, the chamber being in communication with
a source of an auxiliary gas and with the exit port, '
pre-heating a reactive liquid feedstock to a supercritical temperature;
passing the reactive feedstock under pressure through the conduit from the opening port to
the exit port and through the nozzle to create a feedstock spray,

passing a heated auxiliary gas through the chamber into the feedstock spray.
whiie heating the chamber and the conduit by inductive heating to maintain a supercritical
temperature of the feedstock and the auxiliary gas, and
igniting the feedstock and the auxiliary gas spray resulting in a reactive fluid flame spray at

the-exit port.
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providing a conduit having a first end and a second
end, respectively including an opening port and an
exit port, the size of the exit port being
significantly smaller than the size of the opening
port, the second end form ng or associated with a
nozzl e; providing a chanber enclosing the conduit,

. the chanber being in conmunication with a source of
an auxiliary gas and with the exit port, pre-heating

a reactive liqguid feed to k. to £ Ny ;
t %per t U}E@Odpﬁg?rﬁﬁ‘gt Q ¢ %‘Bt:t Ve #l@l&hé t gér'ﬁpo"i\glggr reducing the
tempdPEIRRSHF e tlameuginayt tepodactua tdetirashdegnes opessictian pat to eantroi the

. the exit rt_and t th zzle to create .a
mbp&ﬂ@é&ﬁ?%%%ﬂﬁﬁPﬁ&”dﬁagiergagwﬁgg gd auxiliary gas
, through the chanber into the feedstock spray, while
ting the e { t EblabRy red the
ekt i nind Grirhrd: ol o\ AReRl e i of MNEDASY roaucing the
tempdrhierd eensises kioaird @ cartaiv xaf horflgmegglle gaﬁdntp gnpath gf therfeedstock
feedstock and the auxiliary gas spray resulting in a
reactive fluid flame spray at .the exit port. 19 '12.
A net hod according to claim11, including B
- coptrollaply, H%QU&ldﬂtg th lafélm t1 @Wﬁﬁ:ﬁ FhHR cOmphdte ;iﬁtl‘cﬁ\ff@mg a spray
spray to pro uce a déesired ree of reaction and t
of a sppierodntarpematgriapivke ithes path pfa B tifee SRRy I AEe" oo Produce a
comb&%@ c5ﬁf?1§tr §ﬁﬁrn ero(fw e ¥BactiVd GBiob0ghdhe GUBHiIBINdAary material.
ep o controllably reduci ng the
terrper at ure corrprl ses blowi ng a curtain of

g-fl ‘?wtﬁocgaa%cbmr@ B Reih of V\Ihbféuf &Eélsdp@é;k of supplementary
spra he net hod "accordin

[

materfal jst vere%wﬁqtt&@apm@r%’m}’c??(ﬁ‘s e@BPﬁﬁ Pflée HohEmbustivle gas
into tRUBRREERLAr Y material into the path of the reactive

spray in order to produce a conbined coating '

resulting fromthe reactive feedstock and the

suppl enentary material. 15. The nethod according to

claim 14 wherein the spray of supplenentary materia

is delivered into the reactive spray downstream of

entry of the non-conbustible gas into the reactive

spray.

spray
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20 ABSTRACT An apparatus and net hod for
open- at nosphere fl ane based sprayi ng enpl oys a nozzle
to preheat, pressurize and atom ze a mechanically

woRdpRskse eacti ve and flammabl e |iquid sol utp@Pcaz006/001713
through a small orifice or a nozzle and then a set of

pilot flanmes to conbust the spray. The liquid
feedstock is preheat ed ABSERASOUpPercritical tenperature
bef ore reaching the nozzle and is pressurized before

An A1 @ 1HMBod SordopeRAHAGPh&E ZRnk basBf spiihe bmBfoyt aqiozzle to

he feedstock fl ow channel relative to the inleét.

preheat, prasuiza tandyatewize; snaechenically perapadn reagtivegand ﬂqa@mable liquid
solumgi"ﬂjﬁ&ll%da %rgaelgﬂﬁﬁ Bira 3@29 Ghd Hentd Gt lof ‘;.ﬁéé ﬁ&:ﬁ@%doombust the

sto € supp errenta gas are
spray.u ritHeoliquiid faedstockdis ml:mted $pe aypqngmcmﬂempaﬂmg@fmchmg the

s 40 e Al 1 RBEEL SaBM ESUA eber

feedstprﬂ:r flow chainel nelativel tt the dflett hA supplemyntany colliminps @ 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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