Tkl eBéEXB| 6TX1:.., FLAVE SYNTHESI S AND NON- VACUUM PHYSI CAL EVAPORATI ON
BACKGROUND OF THE I NVENTION Field of the In present invention
relates to particle powder synthesis. Mre mmmulmmmmmmm t he present

i nvention discloses a nmethod of utilizing sol- or ocessing, flane

synt hesi s and non-vacuum physi cal evaporation to pr oduce high quality fine

or ultra fine PIAMESYNPHESE:ANDINON-VACUUN PHYSTCALT adi tional

approaches of sol-gel processing to produce fine powder particles usually
requires the mxed sol ution conjai nj both precursor and organic sol vent
be placed in an oven and sIomﬂykﬁégtEﬁngfﬂosﬁnperatur | i htI hi gher
than the flash point, but |ower than the boiling point, MMMHHH”%HM&ent

pori zed.

However, the solvent may take nore than a nonth to be
Furthernore, even after such vaporization, only the precur3vsisd*s obt ai ned,

and fine powder particl Mor eover, a large
portion o1l‘o t he pPecursoE%&g@@wm%mﬁNbe vapori zed durigng
such a long process. As a heating source is a requisite to such a process,
the energy cost is 1 significant. Al so, because the processing tine is
incredibly long, not only the productivity remains |ow, but also the

precur sor pyhililofth@invtionause the grains to grow larger. Thus, the particle
quality is poor. Because solvent vaporization is also a requisite to such a
process, ot herqul sadvant ages of su process, j nclude | ow prqducti vi ty,

h
cont ani nati on, 1&ier PESERLIAYERtioN ¢ aﬁshéﬁ’ RHHL S PRSI oSHHBE IS e

particle powder include sol vent vaporlzatlon freeze drylng spr ay drying,
t her mal sppesifinglly,ptiecippédeat | innentiogrdrdis¢lbsese admeithngd oft atilidingevel-gelall of
t hese approaches require higher energy costs, cause air pollution, and

still ha"?r@%éibg Plahfe %ﬁﬂé&‘i? aﬁhnrf‘orpgéc%d ufh g)ﬁplg’ifcafsé%p%}ﬁécy ?@r&d

di nensi ons. ore, ere i s OW cOS ircrent net hod

of
high quality fine or ultra fine particle powder.

Description of the Prior Art

Traditional approaches of sol-gel processing to produce fine powder
particles usually requires the mixed solution containing both precursor and
organic solvent be placed in an oven and slowly heated to a temperature
slightly higher than the flash point, but lower than the boiling point, of the
solvent.

However, the solvent may take more than a month to be completely
vaporized. Furthermore, even after such vaporization, only the precursor is
obtained, and fine powder particles have not been produced yet. Moreover, a
large portion of the precursor along with the solvent will be vaporized during
such a long process.

As a heating source is a requisite to such a process, the energy cost is



‘producing high quality fine or ultra fine particle powder. SUWARY OF THE

1 NVENTI ON To achi eve these and ot her advantages and in order to overcone

t he di sadvant ages of the conventional nmethod in accordance with the purpose
of the invention as enbodi ed and broadly descri bed herein, the present
invention provides a nethod of utilizing flame synthesis and non-vacuum
physi cal euaificaitl 0RlsbObBERRY GRe Pradessing! tihy i ingediblyiddg not _alpdid i cl e
powder. The present invention provides synthesis of fine or ultra-fine

wd ieles. Wien.inmpl i hi had d A
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all be well matched. 2 ,, Additionally, the fine or ultra-fine particles

will be rapigddwy langet.ndbigdbie phadicle qualiy is poox.e Besausgtsobvens vapotizatiomi ng.
The powder collected retains the follow ng properties: 1. Utra snall

particle g g?ﬁﬁiao uisiHE fo tdh égﬁ%cé’srse_cﬁﬁéryd?sgﬁ%ﬂ%@géseo?y ukhThdcRks SEM
device. 2. Particle surface enerdy s higher, thereby resulting in easier
melting. 3. Pqowder can be stored easily in y.proper solution. 4.

Vel | - sui té’&dflgg?‘ﬁf’cﬁ’ﬁ%&!%}lvé‘m Epnigypation, @it B&T‘E%’aﬁg‘hl ation, heterogeneous
surface catalysis, etc. S. The crystal habit of every particle is superbly

consi stent and (Gtheh dpprosshes htn grbdugmrfine | festigleogooddr binchidee solveysi cal
processes. During the burning process, massive well-matched fine particles

wi th burs 1 hr t h I singl e
grai ns of R’aaI’{s’ﬁgéeé‘gﬁ Q{e?ﬁe&g%&ﬁcﬁ%& prﬁgg’sttﬁét}ﬁ}%r @@gﬁﬁgrﬁ?&%ﬂg’b, in
conparison with_ that produced by conventional sputtering. Additionally, an
obj ect t o hydre flame) diximgs ety ablowexer.aallr o tiesa anpspedicsviequirgehighgire, and
massive particles or grains will deposit on the object. This process is the

NoN- vacuunBriystestd, cBUSPSIE pbllafion, dhdslV RiNd BatalerPioaproddcd Fine pasiddles only a
single nmetal can be plated onto the object by vacuum evaporation, while a

conmpound i Iy | ex netal can only be plated onto the object
usi ng expg)&‘se%\t}gh{séﬁjgbgﬁiq\é’%gg\ﬁées. Devel opi ng a new sputtering process is
| abori ous, tine-consum ng, costly, and 3 .

Therefore, there is a need for a low cost and efficient method of

producing high quality fine or ultra fine particle powder.

SUMMARY OF THE INVENTION

To achieve these and other advantages and in order to overcome the
disadvantages of the conventional method in accordance with the purpose of
the invention as embodied and broadly described herein, the present invention
provides a method of utilizing flame synthesis and non-vacuum physical

evaporation to produce high quality fine or ultra fine particle powder.

The present invention provides synthesis of fine or ultra-fine powder
particles. When implementing this method, precursor and solvent are
chemically mixed with an agitator, so the particles that are produced can all be

well matched.



‘thus' difficult. Since the fine powder particles synthesized by the process
of the present invention retains a better crystal habit, the quality of
plating will be higher than that of conventional nethods. Al so, since the
evaporation is conducted in a non-vacuum environnent, the types of
materials to be plated can be extended to include netal, glass porcelain,

plastics, | eatpgKditiily, the fidRRRT ultRtfine Pakthndes vﬁﬂ&q&@?ﬁdl?@ﬂﬂi&sized
restrictions, or size I'imt of a vacuum chanber, objects to be plated can

be swi vel ed and nmoved. Theref.ore, an object of very large size or with a
cont our edwgﬁp;lﬁ%gexléwubeép%oalg???S%ftgtri’élﬁnﬂﬁllg'rIizi ng the nethod of the present
invention. Furthernore, because the cost of equipnent, for exanple an
evapor at i on gufdheipowdsr solleged retamspha doNewingpopartiesi eces of equi prent can
be operated _ sinultaneously to accelerate the speed of deposition.

Thereby, pr Oduﬂlir%nfa‘l’ﬁéiﬁ'gﬁree\;\%i:nﬁﬁkﬁﬁ; sHEH BRY Fhey hrdColy SHRBIvab/ BRI ON

provi des faster evapora results 1 n increased” productivity during

mass producti or} Al S(ﬁ%\?h@é’present invention is safer as the solution won't
expl ode, which [ &¥rs with traditional methods. Additionally, the
present invention provides better distribution resulting in higher quality.
These and2ot hePartijlestifyesermdrgy ichighes éh¢rebpeniliing imeddieraaehing. obvi ous to

those of ordinary skill in the art after reading the follow ng detailed

descriptign of PBWeFF&Sge%fm&?!e%Wﬁlaarﬁ TO:I%f %éluﬁﬁlnbe under stood that both

t he foregol ng general description-an oW ng detail ed description
are exenpl ary, are_intended to provide further explanation of the

i nventi on%as’ cl aﬂ'éﬁl.tefBRl DPeRertyT @lteratiane Biglw Ness THRCapswatioRinyi ng
drawi ngs are included to provide a further understanding of the invention,

and are incor pheriegeneouapekfacecdtalysiseete. part of this specification. The
drawi ngs illustrate enbodi nents of the invention and, together wth the
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synt hesi s . ]
than the particles produced by other physical processes.

During the burning process, massive well-matched fine particles with
burst from the flame or thrust through the flame and become single grains of a
superb lattice structure. The structure is far superior in comparison with that
produced by conventional sputtering.

Additionally, an object to be plated can be placed at a proper distance
over the flame, and massive particles or grains will deposit on the object. This
process is the non-vacuum physical evaporation.

In conventional plating processes, only a single metal can be plated onto
the object by vacuum evaporation, while a compound of a bimetal or complex
metal can only be plated onto the object using expensive sputtering devices.

Developing a new sputtering process is laborious, time-consuming, costly, and



‘and non- vacuum physi cal evaporation to produce high quality fine or ultra
fine particle powder according to an enbodi nent of the present invention;

and Figure 2 is a diagramillustrating a nmethod of utilizing flanme

synt hesi s and non-vacuum physi cal evaporation to produce high quality fine
or ultra fine particle powder according to an enbodi nent of the present

i nvent i onthudaGERWT.! ON OF THE PREFERRED EMBCODI MENTS Reference will now be

made in detail to the preferred enbodi mrents of the present invention,

posstbi o, 1 ho Snes e NELOR Fhub s eRSa -ar%‘ﬁ%%‘a?e&%ygﬁﬁﬂesaﬁeﬁf%ﬁ%ever

description to refer to the same or |ike parts The invention conprises
m xi ng a dwvengion retains a betiewenystal babit cthicaiuality Qﬁplaémguvilbhe highen thave ni xed
solution is ignited. Wile the m xed solution is burning, a self sustaining

flame is grfaRdnvéiGornt inhethydd.ai ning flame causes powder particles to be
produced from the burni ng m xed sol ution. A non-netal hydride is inducted

into an organongtal l.ic salt for aco ou reacti on. The solutign of the
cormound pr ec s, $180s TiELey AR IO RIS & AL SRBRTEIGRReT ¢ hi s
di scl osure, organonetallic conpounds are intended to conprise netal

al koxi des thdrépmts ohengiedsalsr obe qlatedncambztextenddd: to amcltithn nétal, whlase X i s

i ndividual ly replaced by various el enents, such as oxygen, sul phur,

ni trogen, 5’%9%?%%3%‘5?“ ftl@%thgf‘ef&wfc@{ ’iﬁptf BY, 065 Wiiftou Otﬁgeéorﬁ?ﬁérﬁ&kes may

be net al sul met a ri de, rreta or ate, etc. Follow ng
are two examl es: 2AI(CI:H3)3+3H20~A 3.+ 6 e X, 1s ygen

Zn( OcH3) 2 Festpigtionsy g size lnpiicyba Vacupm Rhambe, qgiects |tf>v@e & cann
organonetal lic salts are m xed or conpounded by agitation and nore than one

ki nd of hydiveledi and yhswsilienThsrefmrdy cine dbjott coft verys dangei size 0br witle Lt sor
conpounds, powder parti cI es of m xed netal conpounds can be obtained after

the burn! BanBRBEE Shrfube SRPLE! &llity THRGLURIENE HE mdfio WOORN Bfedefl N

cal i perli ke groups |ch ction mo asso unirts and en to
the central atomso as to produce heterocyclic rings. Chelate is aI SO
defined adt¥Mpound having a ring 6

Furthermore, because the cost of equipment, for example an evaporation
gun, is relatively inexpensive, several pieces of equipment can be operated
simultaneously to accelerate the speed of deposition. Thereby, production
costs are lowered.

Moreover, the present invention provides faster evaporation which
results in increased productivity during mass production. Also, the present
invention is safer as the solution won’t explode, which sometimes occurs with
traditional methods. Additionally, the present invention provides better
distribution resulting in higher quality.

These and other objectives of the present invention will become obvious
to those of ordinary skill in the art after reading the following detailed

description of preferred embodiments.



'structure that usually contains a netal ion held by coordinate bonds. In
the invention, the conplex netal conpound is a chelate, acts as a chel ate,
or behaves in a manner of a chelate. Follow ng are sonme exanples, where M
equals nmetallic elenment and OR equals al koxyl: ( 1) MOR+HX~ MX+HOR (2-1 )
M1-OR+tM-OR ~ M1-OR-M --- (+Hz0) -~ M1-OM+HOR (2-2) M 1-OR+tM2-OR-~ M
1 (M-OR) --- (tisd0beundeistédd Nt iBoliRtHe fodegdiiig Qambfal dBSeritiovlariddhe- - -

(+H2?) -~ M20: ML+H OR Sn( CCH3) 4+I n( OCH3) 3+Hﬁp - Sn%(l nl =XCa+NCH30H 'c\iAxe?
or ganomet AP (eBTRd NS RRoR 5T €REnBeh:ald eaifien® 0 Holldor et han

one kind of hydride may be subsequently inducted into the solution of

pr ecur sor Tedhgrotxpdanationjafdhe prvsation @s Ciiflm?ﬂganonet allic salt and hydride in
organi c solvent is nmade ready. Use one or nore different types of
organonetal lic salt (focusing on the replacenent of various netallic

el enents) to produce a second precursor.

After the solution is conpletely

m xed or conpounded by agitation,
hydri de (focusing on

into the solution andhzéFﬁiﬁggﬁﬁﬁﬁgﬁgg‘omégﬁg&ﬁéﬁ%

is also ready after conplete agitation.

| uti dt tion.: I i
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i nduct one or

Then,

nore different types of
nmetallic elenments)
n organi c sol vent

m x the first precursor

onbi ned

f@%ﬁ igure 1

and Figure 2, which are diagrans ilJustrating a nethqod of utilizing, flame
synt hesi s uaﬁerswé\dl%eﬁmﬁ WNGatien and A dreetpsated in Pﬁg GOBSHUEhARAH % y fine
or ultra fine particle powder according to an enbodi nent of the present

i nvent i on thishpebification. Priecdawingamilustase egtbodimentshef thenbvedorpaadur sor
solution 20 directly. A self sustaining flame 10 will result. \Wen the

Phe. or gantaEetion, Bl e tés o e 7, okFiah? BRPHffiocs:of fie fivebliSh o

will burst fromthe flanme, or thrust through the flame and be synthesized.
The fine dn thg drawvinghe

Figure 1 is a diagram illustrating a method of utilizing flame synthesis
and non-vacuum physical evaporation to produce high quality fine or ultra fine

particle powder according to an embodiment of the present invention; and

Figure 2 is a diagram illustrating a method of utilizing flame synthesis
and non-vacuum physical evaporation to produce high quality fine or ultra fine

particle powder according to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred embodiments of
the present invention, examples of which are illustrated in the accompanying
Wherever possible, the same reference numbers are used in the

drawings.

drawings and the description to refer to the same or like parts.



‘particles 30 of mixed netal are evenly distributed onto the object 40 to be
pl ated or covered. In an enbodi nent of the present invention, a power
source 50, is provided. Adjusting the electric field controls the speed of
the particles emtted. Since the evaporation is conducted in a non-vacuum
environnment, the types of materials to be plated can be extended to include

netal , glass pameeimichtioR! @shphises MiRinBes sol-pel ivith aPsFIvEnt € Greatéthout the
confinenment, 8 restrictions, or size |limt of a vacuum chanber, objects

;
to be plated can, he swvel ed and ed. Therefar n object .of .very |arge
i z6 of wiited Sbitostr LHei fie BbtedShiGHon G, Papd BRIRRGA RO et hog
of the present invention. Unlike conventional nethods such as thernal

sprayi ng, imwherminhg, aselbisustaming lagpr isyardatedr dihghsedf-susdaining flemercavises
invention utilizes direct flane synthesis whereby the conbined precursor
sol ution Zﬁm&c&? ?)hﬁﬂ:l@g {055d pdodudbd Fron® i E&nir{gbﬁiiﬂéh sB1atibhy. fine or
ultra-fine particle powder. Using the direct burning nethod of the present
invention, the particle surface energy is higher than conventional nethods

and thus nel ting ndn-aRtilehydAdei i irivicted inel g diandiveesllic bsulnifog aret hod
of the present invention, the crystal habit of every particle is superbly

consi stent__and ch better an nventj;onal et hpds such.as .t her nal

o aying SRERLIE LG E8moRart LR P R Eb R o S b e |
an enbodi nent of the present invention, the solution is burnt in situ. That
i s to sayanafrgapicrsokveny, Fonpurguises o this disclesuredorgagometadli¢ cempounds ng
flame is produced. No novenent or spraying of the solution is required. The

fine or ulgkg phtbhded 1o rigemkisl hB&oxad&. f or med by the burning or co-firing
of the metallic conmpound with the organic solvent. Follow ng are exanples

whereby different ions can easily be inter-dope: Fornula one: Zn(OCH3)2+H2S
-~ ZnS+2CH30H ReacFaheuprectmsor solvent mixture with an “HnXm”, where X is

individually replaced by various elements, such as oxygen, sulphur, nitrogen,
boron, etc. After the burning process, the powder particles may be metal oxide,

metal sulphide, metal nitride, metal borate, etc.
Followir;g are two examples:
2A1(OCH,); + 3H,0 < Al,O; + 6CH;0H, where X is Oxygen.
Zn(OCHj;),+ H,S = ZnS + 2(OCHj),, where X is Sulfur.

If several kinds of organometallic salts are mixed or compounded by
agitation and more than one kind of hydride is subsequently inducted into the
solution of precursor compounds, powder particles of mixed metal compounds

can be obtained after the burning process is completed.

The term chelate, is suggested for the caliperlike groups which function
as two associating units and fasten to the central atom so as to produce

heterocyclic rings. Chelate is also defined as a compound having a ring



" Eu( OCH3) 2+Dy( OCH3) ~ EuxDyl x0s+CH30H Fornul a one + Fornul a two:

[ ZnS+2CH30H] +[ EuxDyl XOs+ CH30H] ~ ZnS1 r: EuXDyl XOs-a+ CH30H In this
process, a netallic salt or nmetallic conmpound can be dissolved in acid or
al kali to produce a precursor solution, followed by addition of an organic
sol vent to produce the solution containing a precursor of a netallic
conpound stmdtire thatgusiadlyscontents. a Tinetal idmehbldr by egopdinetesbonds. pbry the ned on
the solution. The burning process conprises igniting the solution directly.
A self s 1+l I i | S t [, Mo SOI Apit.| rns, the
metal | i cqg{c])@lrrgomﬁggm\%vi ﬁ]ﬁgle@xcgneﬁﬁr %%dxh RAOWP %ea{%%lglaaﬁﬁ?gé czglageén)td.%%aagirdesul t,
fine or yltra fine particles, of mxed netal will burst fromthe flanme, or

t hrust t Yes %mﬂ&%oﬁﬁéh%‘étesynt hesi zed. By di ssol ving copper oxide
powder (crystal phase) in hydrochloric acid, the copper oxide wll
transformi nt i.on precursor. This ,nethed of, prodyci a Jret ] C
conpound precf}:r(gg)rwmg "g? §8m§lﬁX€HmT%S»f“6*}ef8 gﬂu'ﬁ]étn&?tflﬂbc eilgﬁnpggg%cﬁw as net al
phosphate, netal carbonate, netal sulfate, nmetal nitrate, etc. Dissolve a
met al haldquelsi alkexylor gani ¢ sol vent, or directly mix the solution of netal
halide with a proper solvent to produce the precursor netal halide
solution. Proceed with the djirect _burning process by burning the solution

directly. As d1) es MrORHERE 3 MEHHQRs i ne powder particles of netal halide
can be produced through the co-firing or direct burning process. 1 For

Soruti on, “or - dPsbio VORI T MleOR Mo FhaB) P Al MeAH O oo ¢

wat er, then add a massive anpbunt of ethanol into the salt water and burn

ater, then add a mas ter an
evapor ati on. prote MIGREMARR RN, S HROL MG (1o

resultant _air pollution is extrenely low Additionally, the present
i nventi ofPBses the at nospheric pressure to force the distribution. The
space between air nolecules is approxinmately 65 nm Therefore, the

esultthe pdadd) MicQRIMEORE FEMEED Sl dhaReP O M Ra < ney
are only observable by a TEM or SEM devi ce. Furthernore, the crystal habit

of every @QRrticle is superbly consistent and nuch better than the particles
produced by ot her physical processes.

SI’I(OCH3)4+III(OCH3)3+H20 > Sannl'.an+NCH3OH
Mixed metal oxides, etc. can also be produced by this method.

Several kinds of organometallic salts can be mixed or compounded by
agitation, and more than one kind of hydride may be subsequently inducted

into the solution of precursor compound.

A first precursor of organometallic salt and hydride in organic solvent is
made ready. Use one or more different types of organometallic salt (focusing
on the replacement of various metallic elements) to produce a second
precursor. After the solution is completely mixed or compounded by agitation,

induct one or more different types of hydride (focusing on the replacement of



“Ther'efore, the present invention provides an inexpensive and efficient

‘met hod of utilizing flanme synthesis and non-vacuum physi cal evaporation to
produce high quality fine or ultra fine particle powder. WUilizing the
flame synthesis of the present invention by directly burning the solution
causes the particle surface energy to be higher, thereby resulting in

easi er nevhriogs nbfdhétalltdklemerdtfeimeVersotdiodandt Afieke §8SIThe kecahdy Proper
| -'suited for property alteration, such as

solution. The invention is wel

encapsul ati on, heterogeneous surface catalysis,. etc..Furthernore, the
crystal hBISCErSS 1B omRESotenl i Ao adlafiel coBlste ABitetioha much bet ter than
the particles 11 produced by ot her physical processes. Moreover, the

resultant air palhubiothd A@HHERHELYMbn hia Md LedRAaRBANER! sdifbiose

skilled in the ar at’ various 1o I'cati ons "and varitations can be nade to
the present invention wi thout departing fromthe scope or spirit of the

i nvent i onCompletedyy agitatethe oeambined, precursori pelutigad tﬁmmmn@eqort@sﬂm

i nvention cover nodifications and variations of this invention provided
they fall bu}ﬁih'g@rédygs,scope of the invention and its equivalent. 12 CLAI M5
What is clainmed is: 1. A nmethod of form ng powder particles, conprising:

m xing a sol-gel wth an organic solvent to forma m xed solution; and

i gniting the niRefer todfighreoh add Fégure)2, twhich asd diagraars illistiatingra mgtiddane to
produce powder particles. 2. The method of claim1l, wherein the chelate is

a conpl ex of‘%&i?iegg’ ﬂaﬂfén%g;[tgﬁig B6d TR0 R (f)hg%i%llev LG tb E)Eﬂ%\k@ ate

COI'TpI’i ses at one IC conposition-selecte roma g

conprising,a nmetal al koxide, a metgl]ic salt dissolved in one, of an_acid or
a base, oftigh gualiy ks 6k tﬁ%rf@@fpamall.e PO dsrA9s0RTIBE 16120 R odimeRtrelk
conprising: utilizing a non-vacuum physical evaporation process to coat a
surface othepresdntdatvemidm t he powder particles produced by the self
sustaining flane of the burning m xed solution. 5. The method claiml,
wherein an anount of organic solvent used is adjusted to control powder
particl e formiliheburning process comprises igniting the combined precursor solution

20 directly. A self-sustaining flame 10 will result. When the precursor
solution 20 burns, the metallic compound will be co-fired with the organic
solvent. The fine or ultra fine particles 30 of mixed metal will burst from ;he
flame, or thrust through the flame and be synthesized. The fine or ultra fine
particles 30 of mixed metal are evenly distributed onto the object 40 to be

plated or covered.

In an embodiment of the present invention, a power source 50, is
provided. Adjusting the electric field controls the speed of the particles

emitted.

Since the evaporation is conducted in a non-vacuum environment, the
types of materials to be plated can be extended to include metal, glass

porcelain, plastics, leather, fabrics, paper, etc. Without the confinement,



“13 ' P 6. The nethod of claim1, wherein the m xed solution further
‘conprises at | east one non-netallic hydride; and wherein the chel ate
conprises a plurality of netallic conpositions to form powder particles of
a m xed netal conpound. 7. The method of claim®6, wherein the non-netallic
hydride is selected froma group conprising netal oxide, netal sulfide,

met al sul redtections, v dizé Ningie, of@ tvabumint cledmberyRibidctd @6 Heeplat®i ehn ey i de,
nmetal halide, nmetal phosphide, netal phosphate, and netal carbonate. 14
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conventional methods such as thermal spraying which tend to be inconsistent

due to spraying into the flame.

In an embodiment of the present invention, the solution is burnt in situ.
That is to say, after mixing, the solution is ignited and a self-sustaining flame is
produced. No movement or spraying of the solution is required. The fine or
ultra fine powder particles are formed by the burning or co-firing of the

metallic compound with the organic solvent.
Following are examples whereby different ions can easily be inter-dope:
Formula one:

Zn(OCH;),+H,S = ZnS+2CH;0H
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Formula one + Formula two:
[ZnS+2CH;0H)+[Eu,Dy;.,Os+ CH;0H] = ZnS;.,:Eu,Dy,.x05..+ CH;0H

In this process, a metallic salt or metallic compound can be dissolved in
acid or alkali to produce a precursor solution, followed by addition of an
organic solvent to produce the solution containing a precursor of a metallic

compound and an organic solvent.

Then the burning process is performed on the solution. The burning
process comprises igniting the solution directly. A self-sustaining flame will
result. When the precursor solution burns, the metallic compound will be co-
fired with the organic solvent. As a result, fine or ultra fine particles of mixed

metal will burst from the flame, or thrust through the flame and be synthesized.

By dissolving copper oxide powder (crystal phase) in hydrochloric acid,
the copper oxide will transform into an ion precursor. This method of
producing a metallic compound precursor is also suitable for other metallic

salts, such as metal phosphate, metal carbonate, metal sulfate, metal nitrate, etc.

Dissolve a metal halide in an organic solvent, or directly mix the
solution of metal halide with a proper solvent to produce the precursor metal
halide solution. Proceed with the direct burning process by burning the
solution directly. As a result, fine or ultra fine powder particles of metal halide

can be produced through the co-firing or direct burning process.
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Since the present invention utilizes a physical evaporation process that
can be conducted in a non-vacuum environment, the resultant air pollution is

extremely low.

Additionally, the present invention uses the atmospheric pressure to
force the distribution. The space between air molecules is approximately 65
nm. Therefore, the resultant powder particles are forced to be approximately
50 nm. As a result, the powder retains ultra small particle dimensions, such
that they are only observable by a TEM or SEM device. Furthermore, the
crystal habit of every particle is superbly consistent and much better than the

particles produced by other physical processes.

Therefore, the present invention provides an inexpensive and efficient
method of utilizing flame synthesis and non-vacuum physical evaporation to

produce high quality fine or ultra fine particle powder.

Utilizing the flame synthesis of the present invention by directly burning
the solution causes the particle surface energy to be higher, thereby resulting in
easier melting. Additionally, the powder can be stored easily in any proper
solution. The invention is well-suited for property alteration, such as
encapsulation, heterogeneous surface catalysis, etc. Furthermore, the crystal

habit of every particle is superbly consistent and much better than the particles
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cope or sp1r1t o% the 1nvent10n( )In view of the foregoing, it is 1ntended that the
present invention cover modifications and variations of this invention provided

they fall within the scope of the invention and its equivalent.
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igniting the mixed solution directly to create a self-sustaining flame to

produce powder particles.
2. The method of claim 1, wherein the chelate is a complex metal
compound.
3. The method of claim 1, wherein the chelate comprises at least one

metallic composition selected from a group comprising a metal alkoxide, a

metallic salt dissolved in one of an acid or a base, or a combination thereof..

4. The method of claim 1, further comprising:
utilizing a non-vacuum physical evaporation process to coat a surface of
an object with the powder particles produced by the self-sustaining flame of the

burning mixed solution.

5. The method claim 1, wherein an amount of organic solvent used is

adjusted to control powder particle formation rate.
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7. The method of claim 6, wherein the non-metallic hydride is selected
from a group comprising metal oxide, metal sulfide, metal sulfate, metal
nitride, metal nitrate, metal borate, metal boride, metal halide, metal phosphide,

metal phosphate, and metal carbonate.
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