, ope3e~| ~yb6TPT PRatent application W C. Heraeus GrbH 8 Co. KG Method for
t he manufacture of a netal oxide powder or a sem conduct or oxi de powder, an
oxi de powder, a solid and its application The invention relates to a nethod
for the manufacture of a nmetal oxide powder or g semmgonduct or oxide
owder. The invention further relates to an oxi de powder, mmm
ﬁanuf actured therefromand its appli cahi on. Amain field oﬂm. I WWW‘ of
the present invention is the ITO or indiumtin-oxide, whichis,a "
transparent and electrically conducting ceramc material. This particular
property permts quite a few applications, such as the sepammﬂmmmﬂmmmhn
films for liquid crystal or plasnma displays, electromagneti .
heating devices or other systens, in the nost cases on glass or«gggstic. An
inportant case of application is cathode sputtering on glass, which
requires as high an electric conductivity as possible and which is followed
by an etching cycle. In cathode sppateRfdpplicationr € or |ess big parts of the
target material are removed by ionic bonbardment and deposited on a
substrate. That is the reason whg. HdigeysrGapH Bick Kef the deposition layer on
a substrate depend on the properties of the target) though not exclusively,
but to a large extent. ITOis a sem conductor that has the_property of
bei ng transpar ¥sthaslfer the mpaufagture of agmetat exide powtler o yhemimuadatiori ty i s
based on a high congeaibidRR dif olfiE pORER ol ild athifdbflfn TODI 1 T1Y. The
conductivity is equal to the product from'the number e mobility of
the charge carriers: CGNxM 2 ITO is an indium oxide (1n203) that is doped
with tin atonms. In this process, certain indiumatons belonging to the
third group of the periodic table of dt heblel em_f_ﬂ_ts are Irtepl aced b)é E:legsaggms
ngin the fourth group of said table. is results in an exce:
gﬂagt ?ong ;ﬁ'ﬁ,'”‘ieﬁ[ﬁ‘%“,' teﬁ%ﬁé‘r gthogfos thremanyfacturesof grmetatexidg rayidesasa whi ch,

owi ng to t kemidoRd@dterBkidebwaieR Thb i%ﬁti&rhﬁrtﬂéryrgféfbs\{@%ﬁ'&%d@imwaéfa%'bﬁ"fe.nt in

excess. Both their é: nce;ntrat ons are of the same characteristic nagnitude

of particl é’éa'WFatc r ﬁ‘&ﬁ?@ﬂhﬁlﬂc‘fﬁﬂpﬂ%“of‘hat is Sn* = Vo =3 x 102 crn 3

Unfortunately, only a small part of these electrons is nobil e],c bﬁcalﬁzﬁ of

an unfavorgble structure..The bility is measured by nmeans of the
Aol et

effect whi grgiirationa & Reerfipisiref® o1 Ipdymin-qyide, which

cur r ent - caiis  traspacemtiand electribally ughdwcting geiticmbieabid Thid RartRnBk biob¥ry S

reduced by ngrﬁiféC&u'ﬂé %l fevg/%];)SI?c% lonosf, sacrgleascthg %Eagalratlio%tgfltt(m:ir? films for liquid crystal or
plasma displays, electromagnetic shielding, heating devices or other systems, in the
most cases on glass or plastic. An important case of application is cathode sputtering
on glass, which requires as high an electric conductivity as possible and which is fol-
lowed by an etching cycle. In cathode sputtering, more or less big parts of the target
material are removed by ionic bombardment and deposited on a substrate. That is the
reason why the properties of the deposition layer on a substrate depend on the proper-

ties of the target, though not exclusively, but to a large extent.

ITO is a semiconductor that has the property of being transparent over a wide wave-
' length range. Its high conductivity is based on a high concentration of charge carriers
with a high mobility. The conductivity is equal to the product from the number and the
mobility of the charge carriers: '
C=NxM



Q her oxide or non-oxide ceranmcs, for exanple nitrides, and in particular
alum hiumnitride, which do not have the interesting particular
transparency property, nmay neverthel ess be electrically conducting under
certain conditions or have other interesting features, this also finding
use as will still be disclosed below. Apart fromthe fineness and the
properties of nanomaterials, it is particularly known that thernal
conductivity is, in general, correlated with electric conductivity.
According to the state of the art, nost of the target materials for cathode
sputtering, j : - owder ar.e manuf act ured today by
m xi ng i ndilaﬁqqsf)i'?@g'ugﬂéd& Cfel W%E’gﬂﬁéﬁ%)gg eofvg&a@nc%\gmsh@ tF'B p\g%c[e_s%,ﬁgﬁglgérp-

pr ocedur es.diumh gtosmspairieing ta the third grbup of therpesdbdie tatdd ofthe elsh@nes are ae-wei ght

m xing rati 9%t el | o0 1| I : ' ed in .the nost
cas esg The p%rﬁcg{j S?gr(‘\’,a“!tdl?rl% %%B%ngﬁ%ér)r%égr@%@ Q%é'gﬁaetg'%ﬁfsorf?lﬂ@” 4P &FiRed and
subsequent 19 eigetrens. amhibpeLf charge: Ghasgeoatdens ars themigraons dhioh, swing & iheg, hot

i sostatic j ( , S| 0 neans of a
i erent, hor o AR B8R Racdrelety o e B B T B8 nmce o
t he di agr afentrationgarejofthersanmeaehadecieriatio magpitude dipakicles with.a IBeogdyttivind H.
Suto, "Theigpfer medi ate conpound in the 1n203-SnQ2 systent, in the Journal
of Materials Science (2651991 ), 4110-4115. It can be seen therefromt hat
the two phases are at the edges Sof =tMoe= dixd§f’am= the C1 and T zones of Fig.
1 - and that the desired zone that is represented by the vertical dotted
line is the zone where the tin oxide is in the mxed crystal in the indium
oxi de, hend8Mrynately. enly 3 small RAE cbthepe eleetmnsriamebite, ibscaysexd an unfi@0@bE.  The

di agr am sheibduraothdRoBRG s ﬁ&aﬁ:ré&?ﬁ@bgh’é 612 ALREFGTWhERYS B%%g df P52

reversible c?.ol i ng‘; algl . the_ sane, diagramreveal s that desited
product r 8878 of Mgfield linps p{R Fyrentemying eonsdyriog thseughea mapnatis fiels. The ri cat e
and requi r embilityd$ rezipesd BY stitawhiedeRtd 6raF8 B9EaOARicyho are faniliar with this
subject matter. The Cl zone would consist of (In,Sn)203 and the C2 zone of
(I'no, 6-Sno, 4)203. At a ratio of 90 to 10, as it is represented by the

dotted |i nothenokidg or Aon-blidé dramres SBEExEnIMé niddes CMdHR paRfekiaPaBmifihat es
slowy and_at ow t enper at ur e ith this precipitation be comng stronger

a || [ W
above  1000"EderyaIchdp AGtNaye 1o Bleresting PRdicWat ranspeieasy Pippertyisnay nayepl et el y

di f f erent the@ss bbelechicallyewhuiidting URGECRALGOhGitibREorH4k 8fHer PlerBdingnt FR
rties of the manufactured powder, are

94874. The | t,s, that .is the 0 :

escri bed 1ndetr . nmel ted at
described (SR ?ﬂ'? a'P?\ﬁ'b%{?%Hie a2y} St gigqloged befens Apgrtflompihedipenessnel t ed
ahr a;[j io of arahbarp'ropeftiesmbaam) ferﬁehaut iQﬁjﬁrﬂi:dlérly lafohwthmhémai ébhdugtﬂ/i@@é)i gve

t he desire r. ex , 89.69 w w percent indium an
10.31 ww 'ﬂ %ﬁé’%ﬁ%%‘%%’%@ﬁtﬁ"eeéeﬁgrhca‘ioﬂglm?ﬁé6 atom %indium 4 atom % tin and
60 at om oxygen, resulting in a weight ratio of 90 to 10 (indium oxide to
tin oxide) (- QHL GlS honpgeneous and extends in a plasm

t hat consié(fc_-sgtru?'ﬁ)érEé)]El g% rgtgtﬁ %ﬁﬁ%ﬁ’gﬁ%égfc&% c{atefids %Fﬁ%ge SPEAINGy at ed j et
whi ch i s avarigus partd, granuistes, and powdeaes aer mantfactarepgeday Beamixingindehdxide at a

very high 4RImes Svdels AlVA| { ';)A; very_hi gh ent hal py..
Oxi dation takes place at %{1&8 \'/ﬁr t)% ¥_|'n§%n9'\é%' u?%é’?'reeg' g{:'l?sgﬁowidﬁrsc?fﬁé‘?'é?de
terns, thedtyPaaie rationsvharein efweight nidting ratip-ef 9% iliymlomide Ite 40%3in, oxdeds Sn+
particl es @edhimiHeSos? Easd¥OHRd mBhurs hRgiggntnal py and
are difficult to determ ne. Tﬁ'e uorx:d}ﬂggﬁsge ﬁ%@&@gﬂ%@tﬁsggthgiﬂmg&oxidgs 8IF oxi de
whose crysTXpd pad sukseqvrpdly dried.i peri odi ¢ structure, where the indium tin
and oxygen atons are distributed over positions that are arranged in the
vicinity QF éh . :

hereatter, this powder is compacted by sintering, hot isostatic pressing (commonly

known as HIP), hot pressing or by means of a different, but similar method. In this con-

text, reference should be made to the diagram in Fig. 1 from the document by H. Enoki,



those positions that can be predicted according to Mrse's |aw, which
speci'fies the equilibriumbetween the potentials of attraction and

repul sion of the two atons. The velocity of ejection fromthe plasna nozzle
is in the supersonic region. Mreover, the natural cooling rate outside of
the exothermc reaction is 104 K/sec. Hence, a conplete oxidation takes 2
to 3 seconds at this reaction rate. Thé3react|on tinme specified my be very
short for reason The first reason is a quenchin rocess during the
flight, V)%@'Q‘Pé‘%la"‘ig’l aHe Toe intaenediate commpoynd g the 'a:z(ge QBOné@mm ve, i.e. if

t he heat ClﬁeOOdii’ﬂHl&if'Wﬂerfa@d $§erﬁc§éé§6&ﬂ@bh?—ﬁ1‘i(ﬁ@1f‘f9wdaﬂ%e%re@ﬁ of o fhagecond
reason is th &Icontact with so mai nl I's o e reaction

chanber . ? H'éﬁseﬁééeeaté'ﬂﬁje‘éﬁlﬁérf’fme Q'?ﬂia'@ovﬂérmc%ﬁ’t'f nes Otfﬁlgoé ~Andni ng in

t he aggl ortBaiaheSeSMehfzohélﬁﬁlt %trbﬁr@ber&éd b‘?iﬁérv%rtfcal c!lo“ttqu}nQ?s tﬁ@%rlﬂée\gherghe grains
have a meg Nm Nevert hel ess, omerate with

each ot her Hg?n nge 5ip gfﬁ ’BB‘FSFWG@H” the, BIuEHP4es: |h8ﬁ°Gb'P t%lfhgq Fenelwhetedhe or m

sol i ds t haempemiuré s didse to0200 CRSRIE, dnayraﬁ QAbURY nBf l%/ééé‘ﬁdasfé)éor{sﬁt%tlﬁ@ﬁf acture
of targets_ for §(z@th nati on of

utt rin i eved a cl assi cal
col d and HEETSF E‘igﬁﬁ’"b?e%?% %P%@ﬂ'%sﬁm%dlﬁe %'?e@m ipyeds thadtheideost at| c
pressi ng (sile@product rabditsd@ses difulien hﬂ!@the%h& SRS WhicH i€ inthca LA r%ﬁtgre@
800 Cis clained ovvders

atent DE 4 6} er at u ve
gf 2 Nm and” c?é%ﬁ& HWB?”E’(S‘%& r%org ? '£¥rW'%E'StSH@e§HB?¢%aTh%Q of ion
i npl ant at izone @bul@consistof{la, Srﬁ)g(dlgcae:dttﬂikeczuﬁifi@bf (ﬂfo 5@&9;)9@3 carri er S.
Conversely, the inplantation of hydrogen ions is treated in "Studies of H2+
inplantation into indiumtin filmoxides" in "Nuclear instrunentation
met hods", Atelraticgaf. Wp 10, as7iBB rérir88aked Bytherottbdthedih Fign, it €ah BELa4A @At | S

common kn T from a static one.
specific gmgjgﬁtg %&O zg?e@tﬁ%%at e%&%‘% OBy erp%rlag{rg VY'@' tb‘ﬁé’é"é’({f"@ﬂo%ﬁe -anvi I and
r enoved a@oﬁl'ﬂﬂlwng@rﬁbevaﬂ@ﬁ@%y nmeans of a plasma torch that is apparently
simlar to those avail able on the market for cutting and wel di ng purposes.
Such torches consist of a stationary tungsten electrode that is surrounded
by a nunbdpe frethpsgsaqgcerding to patens EB 948 Thyields heompietalp differeantT). Thei ch ar e

subj ect ed I i t th ne tinme and that
he. vapor o euuiy BREBALBR B sl BatoRt FRUBHE 185 el geiatie Ty " xt ur e
is fornmed pfoP&ﬁ'eéIOéihﬁéﬁPnU@ﬂ*Wé@ Qew«}er @erdeawilteddn detaltlnrprateruont ain any mixture
and i s noepapgefrgrgi hermal notion. The nethod according to the patent
mentioned is a static one and operates batchw se, although a nore or |ess
automatic charging is also conceivable for its industrial applicability,

t hi s resulrhé rdtd andhis 889, 665
follows the %f(t)re'r're)}r?t ."%Ltg&ggi'{dgﬁ o‘PBm%UE&;Z?E%é{E;hCQa(R&g‘)%?T.tS §ﬁ$ X?&tt'f)grch for

heating a Rihefesied auyaenyalie of dapexamate, 88:60ev/wdepcant mdluUSarpmt ent
6, 030, 5071me$wwlp@ﬁ;ehhﬁ\ BérRskpehdiRg e gee«mg%.m%%& Wtﬁm%n%%‘ég‘% lpzes of 1

to 20 um US ﬁat elg descri bes a ferent technique nctetely,

it is bas®96H "EREY h@n‘@rﬁ"&%{g htealiaRfSX0ite A0 dnditm exidgataitio osider Tihedinuitis a f 1 ane.
The prec ucmnpleﬂ@tymdnwgedem.& aNidleRRMMs th ATBladta SUTRENMIs, dF %rrﬁ?ﬂ?rmlpﬁre

si | azanes acet
@% K th g'g(scg(} caﬂ;irate%Het VW gh s'a few mi |megers in dlameter he oxygen

acet onat es re are
reaction sets |n at a very high temperature in an environment with a very high enthalpy.

Oxidation takes place at the very finely sputtered alloy. In concrete terms, the plasma
consists of Oz, O, 0%*, 0, 0%, In, In*, Sn, and Sn* particles at ratios of amount of sub-
stance that depend on the enthalpy and are difficult to determine. The oxide is a mixed
oxide, that is an oxide whose crystal lattice has a triperiodic structure, where the indium,

tin and oxygen atoms are distributed over positions that are arranged in the vicinity of



The invention ains at inproving the state of the art and at specifying an
appropriate nethod, an oxide powder and a solid as well as the tatter's
application. This problemis solved by the invention by the independent
cl ai ms. Advant ageous enbodi nents can be found in the subordi nate cl ai ns.
The method is a dynam c and conti nuous % The constituents are present in
the fluid state. The first constituent ©of the reaction, netal, alloy,

m xture, flows in the fluid state or, equivalent]| in continuous form It

assumes t whoFSPeLtiongihatisan e eredigler ageprding tgorse's {% whinhsspecifienthe of t he

reaction aé@mba[]m%t\ﬁééﬁ‘ﬁe pBtehti@s Bt AFHRion EAH rEAdIBH @fth@ﬂv@é‘t@lﬁésfﬁe ol the
plasma wi IJ Clkydé} hg ﬁl ectrons, ions fromthe gases - whet her oxygen,

nitrogen, ?/'Bﬁ'ﬂfg%'ﬁsma &ﬁ%?'%iséwr?”p?ﬁaﬂ'ﬁﬁ?g'@ﬁ mMereeier, tp netve ot her
Eand it aiaf@oc&iﬁg‘»tﬁ”t@&uﬁsfd@ of Qieﬁex@fhlefm'i:ldéhﬂﬁbﬁﬂ; ﬂil"@@éécoﬂéné@“a%rﬁb‘i&ﬂé_rh Bxi- |
owever t n maller to an unlimted extent e conpl ex
net hod Coggqtpgg%eﬁgapgﬁag@atgn%‘ge@ctionrrﬁ@ plasma is only a part of the

met hod accordl ng to the invention. The plasma certainly represents an

i mport ant aration | n.the plas the reaction sets in under
i deal ther d Adlignd %ﬁcﬁ P may bﬁd’teﬁp ﬁgr WP reagpnanthedifst rgaeeny8di tive to a

hi gh degr e@en\ﬂhag pro%eﬁﬁ)dilﬁmgttth‘@ﬂlgihtﬂf thel he@Pbalaicendf thdRadidh ik aapdin®! ecul es is
i the plasma itself

a factor of | n ase new i n concept,

woul d not 1aeREYE g, F@F%S?B‘Q&BF‘PBW"W@%%& H%Fﬁé*af SROfing BTOGESS: §he econd

i nvent i on, reb$mn ip tteescomtacs withi sdligld, mainlyywith thé MMOHM@?éacﬁorn@tﬁh?ﬁbéfeln@’tﬁésurg ib”
a burning anbusti on . .chanber redyced s. It shoul e
not ed t hat(gzit(gh%d %g%nn%ﬁ\espogdﬁ{ g(qr]ﬁlpiées[tﬁile bé‘HH 59 8951 @(St, thareticul es
with di ssoeal atrmuraﬂ‘mlm berrdaebed. dhe\grdihs havei azmdalgaﬁe&terlo@mtded i, G-
nmetallic v of f asit is forned
in the co g[%%ﬁ”%ﬁ%gg&ﬁérg ﬁ’f"ﬂ'gh éygﬁ?h'tﬁﬂé%ﬁ “?&"'%’H%il oqc “the sputtering phase.

The m xture forned by the plasna is accel erated by a convergent -di vergent

nozzle to ()oY l.e aof .t he sound vel ocjt
accel er at |1?)1r?mgg@ Sg{r%snes t']ti%%év{;:tge&\g ﬁ){rﬁgﬁrﬂg tla]t a?e R m%%&a%ﬁ Ipr%?f‘é'yn‘éa angl e
i nt o a norwdegrfor the snanufactvre eﬂaxgelafnecathbctars:mittemnma aofievdiDbykg tlassicalt hat i s

bl own at  Qamida8bn 8f corPh dfmogt‘g)ﬁeés g%rﬁ?ﬁﬁﬁggct%kaﬁwo& ?Fe %loéloga%ttng%s?aefr meter.

Since the jet Is designe ens as i €his
di | uti on ragssingsHif?)eealhcages the heatiog kamperatorecenspeds 840 °Q. upatpntevent i ng t he

formation s 44a¥ 8bb Cl €5 teMibrtdR FIEAHI0R: is claimed for powders of 2 ym and
20 ym.

Moreover, US 5,580,641 describes the application of ion implantation of O* ions to re-
duce the number of charge carriers. Conversely, the implantation of hydrogen ions is
treated in “Studies of H," implantation into indium tin film oxides” in “Nuclear instru-
mentation methods”, vol. 37.37, p. 732 (1989). The method of ion implantation is com-
mon knowledge.

The method known from US 4,689,075 is a static one. A specific amount of a granulate
mixture or tablets is placed on an anvil and removed at a high temperature by means of
a plasma torch that is apparently similar to those available on the market for cutting and
welding purposes. Such torches consist of a stationary tungsten electrode that is sur-
rounded by a number of gas jets.



Phase 4 The fourth phase is the transport phase. The reaction initiated in
t he precedi ng phases is continued and ends under controlled thernodynam c
conditions, with an interstice between the form ng grains being kept, so
that these grains may undergo their individual devel opnent w thout com ng
into contact wwth other grains or with ghe wal l's. This permts to devel op
and nmai ntain the nanostructure that has“been initiated by the plasma.
Studi es of various materials have shown that the nethod according to the
invention permts the continuos production and not the batch production of

powder s fr Bseenspatitdswo aombyndrds, wihidh drbeusieéted td AP Mtdise RAIPROMEEIS- BY
conti nuous reaction into the plasm

i ntroducin ic materials of the . _

(pl asma bugﬁtpg%\}\ngsﬁhgsergﬁg'ﬁjg B tﬁattt%e ¥apqigan be,caught by,peing geckeddnii d 1 n- Sn

al 1 oy, on wherebye highryliatity dnixiseepia farirel y, asieiihea Xgafaradly, bhemetHagidoband, it

is not a nmjxt that .is._obtaine byt conpound. The nanograins may tend

to gat hernhar% g&tg{nh%?er?'%@(r: a |s\pgfl?az§&§ OPEE rH]gEV‘OQ%se factors are nisture,

static electricity and various surface paraneters that are correlated with
ianeters as well as with

their di mepgyd : i t.om ¢ .d :
their ext rerr\emgl?}FJ ?%g@or@ggﬁafgg%r%geﬁ @.Segﬁ‘%}eﬁa{? f"f?at'f’ R88 8n¢ gpgrates fatehyisex

i nteract i vathbugica sioreat leshaytomatic thavging iscaisscahesiabble forkinRRERI Hamasse of
the | arge LE i f. t opowder.. .Under these conditions, it
may be con@!ﬂggb%cﬁ%uﬁg "?&'% gg%eﬁg'ﬁgggafc(%?%sé‘é? RAtRASde gr ai n aggl oner at es,

whi ch may even reach the subm cron range, with a certain strength that my,

however, Ny 8@{]% ol St ure, cont.ent, or a certain

ul t rasoni (t}J %;%tieﬁ gf}lé%gd. ngé‘gs @&ea?’e'g@gﬂ’l ela@ﬁge"f'ﬁ%&a'g'tséh%%?sﬁraeﬂaWQ h a
moder n | adeichderdieatingen emountiof gfapulatewnpmpastedisintgret phaswar d aft er an
ultrasonic dispersion for a duration of approxi mately 8 2 mnutes: d50 by
wei ght <0.50 Nm_ This neans that 50% of the weight-related anount of

subst ance YRBatgntf 83450y dascripes the produgtiprfzoansar pdwdensistth pmimsitesoftihat |
reasonabl ywy 2blyg. i nterruption or prolongation of phase 4 permits a total or
a partial reaction, and this with an entirely new degree of precision. The
invention will be described in an illustrative manner by neans of figures

i n whi ch: US patent 5,876,683 describes a different technique. Concretely, it is based on the
chemical combustion of an organic precursor in a flame. The precursor mentioned is

already a metal compound. For example, silazanes, butoxides (CH2 CH2 CH, COy),
acetyl (CH3 CO CHy"), or acetonates are disclosed.

The invention aims at improving the state of the art and at specifying an appropriate
method, an oxide powder and a solid as well as the latter's application.

This problem is solved by the invention by the independent claims. Advantageous em-
bodiments can be found in the subordinate claims.

The method is a dynamic and continuous one. The constituents are present in the fluid
state. The first constituent of the'reaction, metal, alloy, mixture, flows in the fluid state
or, equivalently, in continuous form. It assumes two roles. On the one hand , it is one of
the constituents of the reaction and can be found in the plasma. For example, an analy-

sis of the plasma will identify electrons, ions from the gases — whether oxygen, nitrogen,



Fig. 1 shows an indium oxide/tin oxide phase diagram Fig. 2 shows a plasma
tenperature enthal py diagram Fig. 3 shows a tenperature spectrum Fig. 4
shows a diagram of specific surface/grain size; Fig. 5 shows defects
according to Frenkel (left) and Schottky (right); Fig. 6a shows a foreign
atomthat replaces an atom (a) or occupies an interstitial position (b);
Fig. 6b shows an edge di spl acenent perpe%dicular to the level of the

drawing;, Fig. 6 hows a screw di splacenent. The nethod according to the
i nvent igon p%%%%éémg%maﬂﬁé'smm&%% tinas. Qﬁ’éhﬁpﬁ@n’mMHt)ﬁlq@rMUMestmhe

possi bi l'i tyrolefofdltﬁrm»ﬁ&i 16ctioas whichGium, deheldH Reit HowS! b b&conTé‘E %}I‘e‘? W se

fine mxi nga tl e. the procedure that is carrle %vel of
hydr oxi des, ”i‘é"'ﬁﬁ?d@&‘?@’red by the diagram The oxygen pI asrra rret hod starts
the reaction at a tenperature of a magnitude of 10,000 C. Fig. 2 shows the

| asma te ratur function of the enthal py of the system The
gxi dat i onnpﬁ'ﬁ f?xtfa%t ed pPraRrises fourRBasssot and i s exothermic. In contrast,

a zone of a cold atom zation gas surrounding the plasna forns behind the
nozzl e acc I ishing the flow and the sputtering. The follow ng table
reflects t iperti es of the jet for a standard nozzle. These val ues have
been verifi ed in experinents. Val ues Input Qut put Pressure [bar] 7 0.95 9

Tenper at ur 293 16 Mach 9% Vel OCI ty [msec] 0 483 The
| 2‘3. d met gﬁh[e@ats”}al '3RE a?tpaét Qf@?eo'é’?@"g?g GFCuiipg icthe anvientien: Thaplssme asirt | et
tube, 2.5 mamly neptesemed & Impontdet préparetical Jhasé.ah e HMMEMhOfeaeith L8R hei ght  of
the liquid unger%eaq Oe¥r%o ym%m?c cc!nd%t?ons Both enthalpy and entropy are positive to a high

degree. What is more, the thermal motion of the atoms and molecules is a factor of im-

provement.
Phase 2

Although new in concept, the plasma itself would not allow serial production, In the
method according to the invention, the plasma is sucked in by a strong dynamic neg-
ative pressure in a burning point or a combustion chamber of reduced dimensions. It
should be noted that the plasma is a mixture that consists of molecules, molecules with
dissociated atoms, molecules with ionized gases, ionized atoms, metallic vapors and

electrons. This mixture is sucked off as it is formed in the combustion chamber.

Phase 3

The third phase is the sputtering phase. The mixture formed by the plasma is acceler-
ated by a convergent-divergent nozzle to a high velocity that is a muitiple of the sound
velocity. This acceleration disperses the constituents at a small and well-defined angle
into @ more or less unlimited volume. A production of 100 kg/hour that is blown at by a
jet of 500 m/sec is dispersed at a rate of 55 mg per meter. Since the jet is designed

such that it widens as it decelerates, this dilution rate is preserved until cooling is com-

pleted, thus preventing the formation of satellites and agglomeration.



The plasma is sucked in at a velocity that is below that of the atom zation
gas. In view of the as-defined fineness of the plasma conponents, the

m xture can be considered to be honogeneous. Fig. 3 shows the cal cul ated
tenperature spectrumthat has been verified by |aser neasurenent. The
liquid alloy jet with a tenperature of,_for exanple, 670 Kis identified by
the axis 1 of the cast jet, the plasm tone (plasma bubble) wth 10,000 K
is identified by 2, and the oxygen with 1.96 Mach and 165 K t hrough the
zone of the cold atom zation gas surrounding the plasma is identified by 3.
The area 4Phasdde reaction and cool down zone where a honbgeneous

envi ronnent can be assuned and where coolingdown is achieved according to a
cubic law. In particular, the nmethod according to the invention consists in

that it prohe thegthphased ot trihshdOphdel T RfacUbr iRitiatel i thefl dré@fingtMabes
accordi ng Q. th %I gg rng({ed ftor é e cor’%léet,e reaction and then controls
the cool i n§ PRAYLEY 304 °RET Yr9es ety 25?}5'@?‘? AYSCendifiens A intgrsticat a
Vﬁ| oci ty p[getwjeentﬁedorniimg)gr:atds_ebe_rmzl@bﬁ soihaaﬂeeeg'rerm @by uﬂ&?g@fh‘éﬁﬁnoﬁ\n@ w th
the rel ati n e.velocities that follow a cubic correlatiogn, i.e. a
power of 1'?% d%?a?‘%g&bé{‘f'%?mézowr@énplqoﬂf?PI‘ﬁ%H ?ltWS'fgrQ'"ﬁ‘é’{}Wl‘tmeeW@'ls- Hhis| east 5
meters is paqus tedevelbpandesantaibrtheruatostractaephteiaadekn ifittted by gat secti on
where the F%grﬁ%nﬁ is the determ nant, that is above 1000 C. For that reason,
or

this range is section of the flight path nust have the appropriate
| ength of approximately 2 to 3 neters. Subsequently, the generated

structure ' [ ' er.to, avoi eparati .in particul ar
of tin oxi gig_ﬁf.e'f?P\{%ﬁgghga#&%%Ha&e%ﬁ%}ha@@ﬁépeﬁ?cﬁa C(?fé}'éq g’ﬂﬁé'”&f?”tﬁ’é‘noneter
magni t ude PeEMiHthei avetinuctipsdductisraanddiot thelliatenproduction of pewddrl &Bmldoh?0 Nm
hence sone,d&h L QWH T ufactured in this manner has
an extrexﬁ)y I?i?%gag'éggnpﬁ:etieljip;ggﬁgm%%gléwgg%hom t he behavior of the
specific surface of a spheroidal powder in relation to the grain size. As a
result, the, gubd tBOBLSY mSferi ol S far t f the powder
manuf actu:}g%l according to t éa "%E?J%ﬁ%ﬁﬂ%ﬁ‘éég@ﬁgﬂﬁﬁ ;bgéesng% (ph’?g‘a
nanopowderbyb8ledvitra yalume of 1 tondicmiefon exammle thediquidHe-Ssualibg,cm thaengyand

pr opor t i ongd, SRR pur oRAh bh Qe ofhBEnAHIAR AGIE Al ik e pf the powder
Chons 1t sa L fAURALY: purEoRifhionie ghDidier @l ikdule HhAbEoRinel B he
ordi nate aﬁO"’&’W@‘?-y hi gh tenperature and, thus, far beyond the sketch. The
anal ysis shows that the tinis in solid solution and has a structure that
conplies with the Cl zone. The diagramrelates to an equilibriumstate, and

one can seg't17Ap9raiRE maydaRd toraathesupderdhe effeptof yasiops factarauhese éacipys st at e

whi ch t heyars hidtihe 288t Bl AMRY Al DEridUR sUifScdTBarh e 4h9%rta*&6%r°af9d wiice the
powder hajhf.l nal Ig/ipcoo in a natural manner until conpletion of the

ed down ral ( .
reaction ang 4imeq %?#&m?%'@d?ﬁé§% flamictiamptersas well ay withe heir gatreme
nanopowdersurfadstoenadseratie) AThBIIRThe® forkes BR WeAOhRFRERM ordds, ﬂﬁﬁﬁéﬁﬁf in the
lattice. It should. be noted that the nanopowder is not anorphous. 1n

practice, A4&agpayidergple iriiie BYRR0T the larqessnesific sudacerrt thaancpewdsr.

i dentifiable powder grains. Exam nations with the scanning el ectron

m croscop ver finer. grajns while the magnification is increased.

Thi s resuﬁ{n?g?weg%c%{gglgﬁﬁ'ét 'g?y %90%%@, ﬁﬁ'\agweﬁpc?tufagp fRfeewpro¥ide grait an pe
cogsi der ediggionieeates, owhinth mm?evehgeaaﬂﬂgesmﬁniagoa rhh‘@,wu%ﬁ:e&bilntmnbm%ﬁl ectric
mobi lity. | shown by the.fact that the electric,

conduct | vir@%}" @?W‘?’ﬁg’%gg%%%%{t %Ibgﬁgusaec iaé?/‘ﬁa’obi}”rt?a??ﬂgﬂéorsap‘iﬁr{a&?'H@sqnﬁ’cr eases by
anneal i ng exgitalieh] as by the fact that, in the nost cases, the ion

i npl antation has reduced the conductivity proportional to the nunber of
defects it caused. The nost damagi ng defects are form ng at the grain
boundar i e$Inger thage ganditions thaharegmed surddowitita modermreseT gsanuilonaster, thedblt Upt i on i n

the cryst %wnhg’?‘ﬁ'ﬁxktcc?e puTmr@a}drgf@F EHBﬁljagghic dispersion for a duration of approximately



has different orientations and contains all contam nants that the hot _
surface has taken up fromthe atnosphere or by cont act. \Wile conpaction is
in progress, contam nants, such as carbon, are often displaced fromthe
nucl eus towards the periphery. The defect is elimnated by the absence of
nmeasurabl e grains and the absence of any contact. The use of oxygen or
cl ean gases prevents the takeup of cont &ni nants duri ng flight. The
m croscopi ¢, contam nants nust be attributed to the difference _betvveen t he
cool i ng r ateTAMEEs; fadymaight €RR0 Haw Jihis meansi thahhdde ofthe Weighbratated emoofit a
crystal | atdfisafstancethastdifaihisie sidds ik ¢ Sepppdynam ¢ conditions required to
ensure that each atomcan assunme its position. There are three types of
defects. Defects at atom positions are often called thernodynan c defects,
because t hei mugtibesetaethat) rddd6nddly SHeihteriuptic riol6 APUIBA bgghﬂetﬁgé}hﬂg a .
t enper at ures,, These.qre Schotth, defects if an atomis caused 0 l'eave its
equi | i bri uﬁ?tﬁ{) 4 PBHA' seretien.and diis with ap estinely nevsdegree eLRreesioni kewi se | eaves
its equilibriumposition and mgrates to an interstit}al pos:'fl_loo_n. The
Schot 1Lk fects.are shown in Fig. 5 As far as ITOis
Egﬁggrelr\eg,nq—thﬁé”vﬁ@b%{‘ﬂ’@%ﬁ esfribedman Jlistrative mapngr by weens of figuresdn whigh: nat ure,
because the tin, together wth the indi umf oxi de, {TUIStI b;at! n SO![I (rjn zcr)I qul on.
The foreign. atomeither takes the place of a crystal lattice ato
ocgupi es gﬁ'qa“ﬁt erst Pt A arb@glum %’H‘.’e%%@“qeoﬁ’rl’% '#8bl e specifies the
nmetal i c akd.oni c sholvus pasoh témhperbfireentrbipyBafant;hat are treated here.
02- In In3¢; 58 Snd+ 1,32 1. 66 q 92 1.58 0.74 This gives rise to the
assunption f(‘ﬁat thes%?“ﬁs %gegmeﬁiyreaﬁp%"%'cupy an interstitial position. The
def ect s anffigd#spl aceeve & diaganefspeoific surfdcegriih eize ol i ng ltO_ha_sel- Theyt ag ﬁ’s
[ al positi ,
gg?vfhgl ! &gw)g\ém digrl\o%vs%]e‘?ggg gcr:co%ir?gnﬁ) lprgﬁ/l?el ?Ig uam%%éhg%tl%r(?ig;\tt);l P
Y Fig. 6a shows a foreign atom that replaces an atom (a) or occupies an intersti-
tial position (b);
Fig. 6b shows an edge displacement perpendicular to the level of the drawing;

Fig. 6¢ shows a screw displacement.

The method according to the invention proceeds from the principle that the plasma only
provides the possibility of discussing the diagram according to Fig. 1. The likewise fine

mixing method, i.e. the procedure that is carried out on the level of hydroxides, is not
covered by the diagram.

The oxygen plasma method starts the reaction at a temperature of a magnitude of
10,000 °C. Fig. 2 shows the plasma temperature as a function of the enthalpy of the
system. The oxidation reaction takes place on the spot and is exothermic. In contrast, a
zone of a cold atomization gas surrounding the plasma forms behind the nozzle accom-
plishing the flow and the sputtering. The following table reflects the properties of the jet
for a standard nozzle. These values have been verified in experiments.

Values Input Output
Pressure [bar] 7 0.95



limted by a cooling process that is carried out at a slowrate and in a
controll ed manner. The three main types nentioned are the subject of Figs.
6a-6¢c. As can be concluded fromthe principle described above, the

oxi dation reaction is spontaneously started by the very high enthal py and
the state of the plasma. The reaction rste is also high. For exanple, the
entire oxidation reaction can be conpleted within 5 seconds, although the
| TO powder _can bttlrn @'\[/Oi chi 05{&%}” cally in the air for 20 mnutes. As a
consequence SPREYEHN i or of “Phe reaction can H® conpl eted by quenching at
the end of Macbpembet ed path at a degree of oxifggi on of 50, 60 and 90%
Thereafter,v Fh? ‘:gol ing rate, can and nust be checked to ensure that the
resul ting chg'[)émF%ﬁ]ti ce wiPl be as free froi&efects as possi bl e. The
cool ing stage nentioned nmay be inadequate, either because of a negative
heat bal an r..because _of a contact with the wall of the reaction vessel.
The first 35? E%‘{“?E‘gﬁatﬂt? ﬂ%‘ﬁ?rﬁ*e%%‘g?%?‘a ohPPPERLRISER R AN Suatityke. 2femm in

at oni zat i odiagmser, driver a evaaldstatie clymABT BRPMAP{Herheof tAsTihuid nidhal bBsvdRs f ! ow
in the reagttileq)n vessel. This can be properly achieved by an off center

i njection of & suitable formand with the appropri ate di nensions.
Conversely, it must be noted that the sub-stoichionetric manufacture of

ides, th i t heif. ducti vi t b hi d
ceonon cal ThaRaar i ke? AR Rk Bel s S8bHEn! A anFERIORER cos on an

exact path. To cool the jet abruptly fromthat point where it reaches an

exact tenpgradw L or.respondi at h was_positioned,
and a cool F_‘ng g@h?%s@%fi onﬁ%égyués}g](ft @ﬁgﬁ@ﬁr@e&neﬁs,&%@ﬁhr@ Cﬁ%ggﬂorﬂ)‘n
routing angideref¢a behomogenshusil d be noted that air with a tenperature of 20
C, whose pressure is reduced from5 bar to 1 bar, is emtted with a

tenperature of -88 C, the em ssion tenperature of argon is -120 C. The
af or enent | Daed supvsithe caicuipieddempératurerenmctrumrtbdtaas beea verdizdrbyilagrt o t he

i nventive t i Fes: Pri article size
nanost r uctﬁ?éeglﬁggesﬂtillan buﬁ%bklﬁ%tllggw ggmgéﬁgﬁ % ;c/)t g&beéa@f) I;éané)’(h S1ee0Wiedensi t y
approx. 109% e axisd affhaosast jeb dhe plasms conepiasstal tuibble) (it rtp HO0 &y idedtiecdhns- cm
or |ess { i i i has. an

oxtr ol y Sen e g Wi 1B A shadfds URRRGE e ks oAB %0 |
pressure dfongAssulgurding the plasairgaidentified hy@ndbe arasnt is dimee b actiowantbtdodd
families camrbsngiterd#fohbainedls sHAlohirRRKEar: ASLAAASNEAMEH Al the

subject matter. The manufacturing procedures using variants o
cl assi cal s aehigyrdacgodingite aicthickaw-nod, particularly by pressing at
anbient tenperature after heating up to a high tenperature, are nodified as

follows: The |lo ressure co ction yields a higher density and strength,
or the deHEipﬁg"c\é\{-ﬁgéﬂ%@ﬁ W@ﬁ%‘%@g?a% Inyegtian gapsists inithgh dprevidesche faxeeed 80%

of the theog B0 paticldewith b free Hight s4ib bédriing l&tﬁettiﬁimﬂgﬁéar@r ih8 chhfpides esent
enmbodi rrentreg&BBbe reduce | east 600 C or 650 C. In the

f rom 800 to at 3
manuf act ur'Pag OB PRd SRS ggg\llﬁéf}eecqgg%g &?sﬁaélélcwﬁt'%rqngrﬂxgewe@tﬁéavﬁ)ﬁhqwfbssi ng
met hod, t Heatt arepeaiaity pesjeetion froatitheedzile of AsproamateP4Hah/sed BRS RithBle PT €SSi Ng

processes i ted on draul jc or nmechani cal presses, by hot
i sostatic r%@@%’ﬁ?ﬂg@h?&%%ﬁe? ﬁ‘artﬁ’?‘?v&@ CHRIRFRIelalion b8 RBRWSSOT 3f3 Gfithe her t hese
pressi ng att edeeedligit pathrof e eckgritine af at Haet § meRAs tsi rOGUIRIHOTRS FeaRtioM@lst t he

pressures/ i $4:£5; i as.is the case with the aforenentioned
conpact i ontggdr% p&%tﬁfg%%ﬂg@%{eﬁ%@%ﬁé NeRgzge Wgﬁe Sg%ﬁn'f‘é@t Bt isedoyRial i fi ed
for the oXi08@fEdrerdhatpeasantthis rangecor this section,of drediight path RlgMR0S hepder the
condi tion L cFrféﬁrb |yl ni itrid anopowder can, in this
manner , b?ﬁ%ﬁ%'g@@ﬂ? e%@;?fﬁxlrg ni’t r%géjeﬁ%{%lr%rsgr@?eqﬂﬁ’gﬁé%%%e\é\%ﬁd FEFHUSenef i t s.
Fi rst, thdysbbe mgintaisehiarcsderid avoid heparations; io pharticelahoitih dxidd. thismaml y
because of 1 be attrjhbuted to the
practi cal Inﬁp'%gprég}lag{ g&%‘;sgg? ég&gf‘é”g%%ﬁ%O&gg%ﬁ%%ﬂ?{i%aqb?al %dcgﬁﬁ',r mMeRR G-yl

subst ances and waste material are not incurred; third, the nanostructure
permts an unsurpassed efficiency or fineness; and finally, a reaction can
be achi eved under controll ed stoichionetry. Over and above this, the yield
is very close to 100% because the entire powder can be directly used,

wi t hout having to be sorted out) conmunited or treated in any other way.
The met hod according to the invention is applied as follows: An indium and
tin batch is weighed at the ratios cal culated, so that the desired oxygen
content is developing in the



14 subsequent reaction. The constituents are nelted and then introduced
into the air or oxygen plasma in the formof a jet of a Newtonian fluid
(jet in free fall). The plasnma that conprises nol ecules, ions and atons
(02+, O+, 02, O In, In+, Sn, and Sn+) as well as electrons is blown at by
a supersonic nozzle. Contrary to the bazhc met hods nenti oned above, the
free flight path is very Iong It is about 5 neters for I TO The powder is

col l ected vg;rré tr$0| 1@1 s filled into an evacuat ed and seal ed con
tai ner. Sub eaﬁref‘l {585 thany, PSSP spwedeihRastom ynitsa Thppowrdassranyéacpr ocess
gr a col d purddn thip maree hHas am/ﬁktgehndalﬁ |dr g k;ﬂa&ﬁr& sbifade. FidIUShbRE tHY RHETSr |
ressing c rie unj di recti opa ress or isostatically in
a H P saf ef°3 fﬁos&%?irﬁ%su%cﬁci 3jSphgigiia E%Oéfﬁ%rw %éf"f’g'oﬁ%@ﬁ@&\ﬂ%rs'zgt ate, the powder

must be treated at a tenperature of a magnitude of onIy 650 C instead of

t enper at ur nd 1 ccordi rret hods nenti oned.
The met hod%céé%trs ?“m%t %eﬁ rﬁ\‘;gﬁ’eé’ﬁw : 'Sé?rs%%é‘f)&e’itt he QoWEePaniieGr i al s
but under tred gamdlog)mjihelpmmushbetbod ﬂ‘aésuﬁamaofsh@uéﬁbpba'dgﬂd%dcﬂ |Rgsiut h,
tin and zi puttered direct an oxygen pl asna. The
net hod was réE‘se @EV%Eggth C% E’Ierggr'%ﬂ'i?g?ftﬁﬁa'd%{erﬁ{g’um nium of a particul ar
quality as well as of alumnlumnltrlde vmththelatter bei ng produced in

a nitrogen @Qqﬁ% [ X [

manuf acturgggwt th-ghﬁ Eré{]ér)éetggquwdﬁd& h '?T%\eép ‘?ﬂ‘”g rﬁ%nﬁﬁ%ﬁrl al
appl i cati oﬁh%qSP'Sb%aU‘é%ﬁh%ed thﬁechrdmatemt E@eksghlbmtmemétumndnmusnmt bél aI | oy
with a wei ghtd thalsk@cRf r ed ar, 400

liquid fl og/s rou&CR Tr%ginggsfs%hé\gs g%é%l%ctﬁﬁgzz O%d P 'IHQ Qa%a ‘itLHe

di amet er, that Pmplfeélwﬁhdhe &1%ene oiheatingramirelafestto ah Eqmﬁtbrmmstatepundaoﬁé(y gen

pl asma and a1 sdd PMuhakt 194 [;m and ter of the
stai nl ess-steel Ch anberot?gsr%ezlgmé (g.hg'uch ﬂ%ﬁ‘{mgﬂg@g s 'cng\ﬁé(méﬂﬁldeffect
on the pat ASBIM& #fEorsingtethe magimumellow thegtem.path is 5 neters. The nozzle is
positioned such that the powder follows a kidneyshaped path, before it is
sucked |n utside of the vessel. The powder is collected in an absolute

filter. NReKie ResipEbas finally sealedhéowrnias nasdral mannesemtiscomplétion\of thei N a
magni t ude afacBeEnd R féﬂ@ﬁﬁat@mbwah&ﬁandv\@@nl &Q§§{t‘é§‘f’|ah@%%e¥ Wﬁer@ 'a‘?ecﬁé on
m croscope, is filled into an evacua

cont ai ner. qsﬁ‘?éescteﬁ'ﬁ%&'ﬁ@?cﬁe"ﬁ@&@ﬁﬂ*\‘ﬂ%'@éﬂe latticg. hot - i sost ati c- pr e55| ng
housing where it is exposed to a tenperature cycle of 650 C at 1400 bar for

a duration,o ours. After having been renoved fromthe nold, the
wor kpi ece 'Itléé ‘&%F? BPEf dhpt henangrowderds pelraseprehadsl y. Its density is over
99%

In practice, the state of the nanopowder corresponds to the absence of identifiable

powder grains. Examinations with the scanning electron microscope show ever finer
grains while the magnification is increased.

This results in an absence of any and all structural defects. It can be considered to be
proved that the defects are the cause of the low electric mobility. This is adequately
shown by the fact that the electric conductivity of the depositions achieved by cathode
sputtering increases by annealing as well as by the fact that, in the most cases, the ion
implantation has reduced the conductivity proportional to the number of defects it
caused. The most damaging defects are forming at the grain boundaries of the powder.
The grain boundaries represent an interruption in the crystal lattice. This interruption



A second industrial application exanple is as follows: A 500-kg batch of
bismuth is filled into a nelting crucible. Considering the oxidation
tendency of liquid bismuth, the surface should, preferrably, be protected.
Si nce bi snuth, when cooling down, expands but does not attack steel, the
mel ting crucible consists of steel. Onceg,the netal has reached a
tenperature that is 150 C above its nelting tenperature, the stopper rod is

pul | ed up. . . the jet ts, as electrode, The

Pour Ly ¢ hr dasRreR SRelAldfs 43 cRAMhe chitamliayIhetiof Pofsuifeee s ahen s00
mat eri al t apdeommthietatiiospitese povwd®ntacs Wiilel eeetpadtiasis temegicss tonkevweantshe same
producti on Jw i i under. the s conditiaops vields a

t hr oughput SW g%gélﬁap’géerggﬁ%&.gpl%eﬂ%ﬁn{ahepr}%[fﬂéttqvf)aﬁgﬁ?‘f’weﬂg e%'(e)ﬂ}?ga/ett}%fde of
anti mony yiieelieinated by dhecatisences o measucbleS@@ink ginp ¢he dtmence bianyaphtaas The
silicon waggl ' er.in the formof a Newtonian
Fluid et op BhOBREN Bf oot BadedbrefitBe B PR SR TnamS st ° "Te
Clainms Method for the manufacture of a metal oxide powder or a

sem conduct i : j j eel omarises a dynam c,
cont i nuous Tgﬁdnq gr:orgiocp?p %@%@??@%F@% ¢ ﬁée%ﬁ);a{égﬂog%a@@#%%%%wm ﬁ‘ﬁépg%gal t hat
assunes t h&ae@ne thad fate thay wesldiheaalawed by theddemation af a orystat fattite aiseThe twher ei n

the tinme ofandklRbrrtdayhBRicdBMatiGR %%Q%Hs&égiﬁejrtr%% atofh p%%ﬁrrg%ﬁge for

> Ui

t he conpl ete oxidation reaction anrggwl t hout an anrcal ¢ bef ore
havi ng coolP¥ti}bwn conpl etely, and wherein the oxidation process is
followed by a controlled cooling phase. 2. Method according to claim1,

characteri %_ed inthat it conprises a conpaction phase by sintering or a hot
pressing pr BeEe treq typasplieiedts Defratsteatom positonraate ®ften Galledrihgranotlycul ar

bet ween 60dakicadtfectd) Bebausd th&praSerREVWIRG crhas @Cdﬂ‘éﬁ!c&%ch Wiftehigh ferh.S @
f 0.5 Nm e gralﬂ

nanopowder with a_grain size of |ess than 0, with t s of the
nanopowder PEGHSPS JiNRSE drey2ahattky defects iiap atameisigasedsio leaverits Eqi0ilibrum posiOxi de
powder accoeamyFieakd defedts3t a Shal atioRNik&Mse | #d eduilibhi 2d in
accordance with a met h?d according to clai Aé%v%é?@%gdu‘g{bh%(n{%ghﬁég%gbﬁ
accor di ng P& 'Qidmiersitial posifiof IRe ErenkelpndSehritky defects areshown infigab. | east
one mat er i Ab fdrrasiTOlecdnedingd} the defRsisdietheltyfe PthélStomdl F88F B s@rdtd8) n&i NC

oxi de, sil 'hjcog) QXi d§ ?nti rzﬁn‘%/ Oﬁi ﬁle, grou&, 6. Oxide powder according to
claims, ciSReFayserhe in.jogaihsr Widhe influmpoxids imust be inssalid selution. divedori c. 7.
Sol i d conpeigratonh eiter takied thennsekedt soe sl dhthee ABmUPa datuﬁi@@aﬁln?érgmiaﬁ?é.hr ough
6, charactg{iéﬁed inthat it has a density of 99% of the theoretical density
or a higher dénsity.

The following table specifies the metallic and ionic radiuses of the three elements that
are treated here.

o* In In**  Sn  sSn*
132 166 092 158 0.74

This gives rise to the assumption that the tin atom may also occupy an interstitial posi-
tion.

The defects and displacements are develop during the cooling phase. They are, above

all, unavoidable whenever atoms have assumed interstitial positions, but they can be



17 8. Solid according to claim?7, characterized in that it is manufactured
in accordance with a method according to claims 1 through 3. 9. Application
of a solid according to claim7 or 8 as sputter target. .AS@A .
e.A A A& A A ;&A A ;. A (.A3 .A2 .Aa.AF.AN?.Ar.AN]41 i&@\?HU]Sro]u]( lcal

| #D$3%%-yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] cal] ca] ca] ca] caU] cal] cal] ca]l@Ra] cRa! % &X' ' | (?* A*+++3+, ,..01234T6
R7~7888A99z; _ .

<>>>>>} xsnlifited 3 eedlioaprspesithetis cairied oobiteadioafata hodjrratoiciad arheal cal ca]

Fod HAlJ) KbK5LNOEPUQ TT
‘(I:"?'II'(L:J?J]U;:]?/% f?@gﬁﬁt’%@ﬁ@é@'ﬁ@ﬁ%@%g% atggﬁ? a] caFééla] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal Kai aQcf UgXgghUi kkk<nmG

pJdp’ quUUWéﬁybf@Edr{cmdeh}%ﬁﬂhé ml?ieé%&ﬁ%) %B&% éﬂ-] oca%})ﬁ;?% g%)ca] caJca]cajc

T81h1 *FY
T00e (S dmanabishs Sotied by aecwmm eNthaRD Al ookt URINE)pIAEHEL UWE o &A@ CFY

1055100 ()2 30 100 (10 SOLEP LY S gt (een £ og oty

10% & () - %quogg%agthgh the fm@gwwr_cqw bugnstaictiipmedsallysd Ehe air for 20 min-
utes. As a consequence, the behavior of the reaction can be completed by quenching at
the end of a specified path at a degree of oxidation of 50, 60 and 90%. Thereatfter, the
cooling rate can and must be checked to ensure that the resulting crystal lattice will be
as free from defects as possible. The cooling stage mentioned may be inadequate, ei-
ther because of a negative heat balance or because of a contact with the wall of the
reaction vessel. The first effect can be compensated by preheating or cooling the atomi-
zation gas, the second one by an appropriate routing of the gas flow in the reaction ves-
sel. This can be properly achieved by an off-center injection of a suitable form and with
the appropriate dimensions. Conversely, it must be noted that the sub-stoichiometric
manufacture of oxides, that are useful owing to their conductivity, can be achieved in an
economical manner by gas quenching or by other mechanical devices on an exact path.
To cool the jet abruptly from that point where it reaches an exact temperature, a probe
defining the corresponding path was positioned, and a cooling gas injection was used
the effect of which is based on routing and dilution. It should be noted that air with a
temperature of 20 °C, whose pressure is reduced from 5 bar to 1 bar, is emitted with a
temperature of -88 °C; the emission temperature of argon is ~120 °C.

The aforementioned 90/10-ITO powder has been manufactured according to the inven-
tive method. It has the following properties:

Primary particle size nanostructure less than 0.10 ym
Powder density 0.69 g/cm?®
Relative density approx. 10% of the theoretical density

Resistivity (compacted) 1072 ohms-cm or less
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tion behavior. It compacts as early as at a low pressure of some kg/cm?,

To compact the powder mentioned, two method families can be utilized that are well-
known to persons familiar with the subject matter. The manufacturing procedures using
variants of the classical compaction and sintering method, particularly by pressing at
ambient temperature after heating up to a high temperature, are modified as follows:
The low-pressure compaction yields a higher density and strength, or the density ob-
tained with the same pressure is higher and can exceed 80% of the theoretical density.
Subsequently, the temperature in the present embodiment can be reduced from 800 °C
to at least 600 °C or 650 °C.

In the manufacturing procedures where use is made of variants of the hot pressing
method, the temperatures are reduced in the same manner. These hot pressing proc-
esses can be implemented on hydraulic or mechanical presses, by hot isostatic press-
ing (HIP) or in a like manner. Irrespective of whether these pressing processes are pre-
ceded by a cold compaction process or not, the pressures/densities are improved, as is
the case with the aforementioned compaction and sintering method.

The method has been tested and qualified for the oxidation of bismuth, zinc, silicon, and
other elements under the conditions described above. Even aluminium nitride nano-
powder can, in this manner, be manufactured in a nitrogen plasma. There are four main
benefits. First, the cost as compared with the classical methods is low, mainly because
of the low energy requirements that must be attributed to the practically complete prog-
ress of the reaction itself; second, harmful substances and waste material are not in-
curred; third, the nanostructure permits an unsurpassed efficiency or fineness; and fi-
nally, a reaction can be achieved under controlled stoichiometry. Over and above this,
the yield is very close to 100%, because the entire powder can be directly used, without
having to be sorted out, comminuted or treated 'in any other way.

The method according to the invention is applied as follows: An indium and tin batch is

weighed at the ratios calculated, so that the desired oxygen content is developing in the
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oxygen plasma in the form of a jet of a Newtonian fluid (jet in free fall). The plasma that
comprises molecules, ions and atoms (0%, 0%, O, O, In, In*, Sn, and Sn*) as well as
electrons is blown at by a supersonic nozzle. Contrary to the basic methods mentioned

above, the free flight path is very long. It is about 5 meters for ITO.

The powder is collected when it is cold and is filled into an evacuated and sealed con-
tainer. Subsequently, the container is subjected to a hot pressing process or a cold
pressing process, which is followed by a sintering process. Pressing can be carried out
unidirectionally on a press or isostatically in a HIP safety housing. Since it was used in
the nanopowder state, the powder must be treated at a temperature of a magnitude of
only 630 °C instead of temperatures between 900 °C and 1150 °C according to the
methods mentioned.

The method according to the invention was also applied to other materials but under the
same conditions. Here, reference should be made to bismuth, tin and zinc oxides that

were sputtered directly in an oxygen plasma.

The method was used for the industrial production of aluminium of a particular quality as
well as of aluminium nitride, with the latter being produced in a nitrogen plasma. The
sub-stoichiometric oxide of silicon (SiO) was manufactured with a shorter free flight

path. An example of an industrial application will be described below.

A 70-kg batch of an indium-tin alloy with a weight ratio of 89.69 to 10.30 percent is
melted at 400 °C. The liquid flows through a calibrated ceramic nozzle, that is 2.5 mm in
diameter, in the form of a Newtonian fluid jet. It enters a pure oxygen plasma and is
blown at by a supersonic nozzle. The form and diameter of the stainless-steel chamber
are selected such that they do not have any effect on the path of the powder. The free
flight path is 5 meters. The nozzle is positioned such that the powder follows a kidney-
shaped path, before it is sucked in outside of the vessel. The powder is collected in an
absolute filter. Its mean diameter cannot be measured, but seems to be within a mag-

nitude of some ten Angstrom units, when observed under the electron microscope.
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The powder is filled into an evacuated and sealed container. This container is accom-
modated in a hot-isostatic-pressihg housing where it is exposed to a temperature cycle
of 650 °C at 1400 bar for a duration of 2 hours.

After having been removed from the mold, the workpiece has solidified and can be

treated easily. Its density is over 99%.

A second industrial application example is as follows: A 500-kg batch of bismuth is filled
into a melting crucible. Considering the oxidation tendency of liquid bismuth, the surface
should, preferrably, be protected. Since bismuth, when cooling down, expands but does
not attack steel, the melting crucible consists of steel. Once the metal has reached a
temperature that is 150 °C above its melting temperature, the stopper rod is pulled up.
The plasma forms as soon as the jet acts as electrode. The hourly throughput is 540 kg
for a jet with a diameter of 2.5 mm and 500 mm material to be melted. The powder is
collected as described above. The same production with use being made of zinc under
the same conditions yields a throughput of 395 kg per hour. The same production with
use being made of antimony yields a production volume of 366 kg per hour. In contrast,
silicon was introduced into the plasma as powder in the form of a Newtonian fluid jet,

with the plasma being charged via a helical conveyor.
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1. Method for the manufacture of a metal oxide powder or a semiconductor oxide
powder, characterized in that it comprises a dynamic, continuous and direct oxi-
dation of the metal or semiconductor material that assumes the function of a melt-
down electrode in an oxygen plasma, wherein the time of flight of the developing
oxygen particles is appropriate for the complete oxidation reaction and without
any mechanical contact before having cooled down completely, and wherein the
oxidation process is followed by a controlled cooling phase.

2, Method according to claim 1, characterized in that it comprises a compaction
phase by sintering or a hot pressing process at a temperature between 550 °C
and 800 °C, in particular between 600 °C and 700 °C.

3. Oxide powder, characterized in that it is a nanopowder with a grain size of less
than 0.5 um, with the grains of the nanopowder comprising crystallites that are
smaller than 100 nm.

4, Oxide powder according to claim 3, characterized in that it is manufactured in
accordance with a method according to claim 1 or 2.

5. Oxide powder according to claim 3 or 4, characterized in that it is formed of at
least one material from the indium-tin-oxide, tin oxide, bismuth oxide, zinc oxide,
silicon oxide, antimony oxide group.

6. Oxide powder according to claim 5, characterized in that the silicon oxide is sub-
stoichiometric.

7.  Solid composed of an oxide powder according to one of the claims 3 through 6,
characterized in that it has a density of 99% of the theoretical density or a higher
density.
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9. Application of a solid according to claim 7 or 8 as sputter target.



