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mechani cal laysPax Modea$0B0l medil, AddensCtdsOiidl Yl JAiNAREScbIHE B4E.I THE htaPfskY 6f the balls was ap-
addi t \onal lpxoxipatsig @6 graras and radall 1o bovadvadass ratiagasSappradmatayon i Egdal @omit mpss e BpbétPas
1. The pr ocepe caifd)amkcaiclum, tdgethecwith fao pddilibnab0%odl calailpswenarniieall forpp PLA4 doure pgdredimately
f r om r educ Bl akiolene whs usestas tha lybrisant.fpliowiogmilling tee ploducts oftfe Bactiandve@digntiiad hy Xeaydififraction.
hi gh t e?’fpeﬂ’b&'ﬂ'ﬂ'%was@“"dﬁﬁea”ﬁ?%m%l | ows t he d| r ect formati on of

crystalline or anorp hous aI I oys fronF‘l‘ conpounds WI t hout

first havi ng‘”‘f‘ ’?’ l v 4 'U'l’%’h en ne the
pure rmetal %vhgh%mvo h d lngj %&rctgml:x‘ i Ul leggl,g;equ}gve j %ﬁtg ngj' mlneral
of powdgr Qgé)&l&(; y Jjﬁ °ﬁ8 &4 Fuhn% 2 Ve e Rvedit

all oy or ceramc na and t hen convert it to a powder form 4. The
process aI EQiId 31e dlrect formation of ultra-fine grain size particles of
net al s, 0ysS or ceramc material w thout 10 having to first produce

the net al al dopper Btide@Ad Euitlufh waRsinfileb bhetiin gl delfdd iISEMAPIET, Niththé Exeptibr18at B8 1@briBant was
si ze past i adidas to tHpsRdkspP6 3o roiflidg dn@thé el BlliSwéréRUBStRuRId tor tuRgsich Canfids The@bwdeRawdiel Wi
el enent s andtllediol vaydus tisesalh 122 hblhe Afta Bgpraxirately 30 mintte<dl milling suttickitineat wbs geBerated by the
produce us iexxtheaicheeitf reactien oftegétiuttiomprecesy, torcausp Entanaoasdombustigncand melting of the powders.
met al | ur gy Examinatione¥ e reedting frladucts ethd dombigstiqmpendess showbdithé predsacei Gy, &P, &af €rO, GaCug,
wi de r ange CedO 36 GrbROxmAlten milling igt aithergdhbyrs; sue¢hamiesn! redugtion and allaying o¢ctvadisidhdmt thesfinal
f ur t her“de 8tasPaRRISM HoraREO P Qst rat ed by the fol | owi ng exanpl es. These
exanphkes are n?t to be con- strued as linmting the invention in any way.
Exanple 1 Copper oxi de and calciumwere mlled together using

tol uene as a Model
8000 i gor /i 1700 R o e R bl ”f}ﬁtﬁ o8 Vi R8kod 54 Bcp ik

total mass ook Et@gr&@nlzélﬁu%ﬁat é‘f{%r 241%% ﬂnﬂﬁé 1R Machih v BdFbieR Gb dvidEnch 8t sbir-domMbRAAMAS In
nMass rati oep@agplediRt osb® €1y 3: 1. Equal " atomic masses of copper (as copper
oxi de) and cal cium together Wi t h an additional 10% of calciumwere mlled
for up to 24a s. Approximately 6m of toluene was used as the |ubricant.
Fol lowisag mlling the products of the reaction were identified by X-ray

di ffracti on. Eybalatoiileassed ¢f iZm(gs Hed) afdotuies Guo) eareisre millérbvith ¢GP6 bxcera raldinCrs-pexamples
[err] Cu +2@e nthisgrrodmentin Wasabajedde° G arfdgreon gas wamyfsed &s fhe inepvitmespherel Theamilling
m | 1ing thémevwaseshoyrs. W"@m @"""9\!“9?'1‘?@“’\?6??‘&?‘8‘!?'@!1 B'&F‘ZW‘PW“PﬁBC phpggand Cal. The
cal ci um oxFp¥aniieactieNe unr eact ed cal ci um were rempved usjng a standard

t echni die which invol ved hydr &84SO @CEEGW Har B bRshi th water. The
resulting Ca(OH)2 was then dissolved in dilute mneral 30 acid and renoved
by filtration.



Exarrpl e 2. Copper oxide and calcjumwere m|led together as detailed in
Exanple 1, with the exceptlon t hat noEP@Q#AP 88hB1 was 35 added to the

powder s pr| or to mlli'ng and the steel balls were substituted for tungsten
car bi de. ers vvere dry mIIedfor various tinmes up to 24 hours.
After appr OXI ag\gri/r sseso aslr i Bé g{ ldeﬁ:‘:"nt hea Wa’t?\ergﬁh na%dr?onalqg‘i/
the exot he&éﬂn Sl r‘lﬁledra s%?% P é’g rﬁ ?Fgégrgrﬁéj% e{rﬂlllmg caused
spont angoug %ﬂr Ion an ers. am na

resul ting pro ucts of the conbustlon process showed t he presence of Cu,

CuO, Ga, CaQ [err] [err]. After miiqstRMEoM «2Mabht her 24 hours, mechani cal
reducti on BRebuprbgPdssidly BGAUHCAIGRG! ks Bitdr h@houtshllidg] @ leadtith wasRBRASAS. APthe S@RPletion of
wer e CaO amiingahe oftiietoplving prodsaydgdavas Geett thaenoveltha MedIgand\WRrE&ted Mg frerdl the T et her as

i n Exanmpl e 2in grbckdura1y the aniibe povidkravas eadhed in @Bolutiod oft 10BIMCI in G/ Cio dissofys 0 IMaST vy
such that felowed by ashiagin distifed waten gnd fiifeationc Wittt pronedu thedvigsleihe Mg Were eamotiethy yaqufim
sel f - combudistiiation fer4 iheursat 8PHC ender ayacnuw oEErSJert Prog@diuregl and 4 regitedln @erage pewdprsizes of
masses of %ﬁm{“@@‘eil%))mdaﬁﬁm respeqtiely. CuO) were dry milled with 10% excess

cal ci um as Exarrpl es 2 and 3. In this experinment the steel vial was

cool ed 'f and argon gas was used as the |nert at rmsphere The ml|li ng
tlrrevvas24 ur e et | on le? ex EE rﬁj Was
he lerr) i ﬁ%{ i ol e ert;» st gl
t|tan|Lé5ntetrac ori gnesrum to et her wrt addltlonal 15%
magnesi um mg_@em |1 ed as | n Exanple 1 using eight sta| nl ess steel balls of

t ot al(_nass grans. The mlling caused 5 the reaction: [err] to occur

progr essi vel ypgspriste hridufis bONC] O VCI} andRICIyAd fof theldiioy -89 %493 weie frfled Hithe 5% @0dés nibigne-
was conpl esign. THE mitiligewas cariddebtias Hesedbediin Exanply 5muitiethe Sllof puavdérdbihgiodmag affer tBIealEr €S
was use8l to renove the MgCl 2 and unreacted My fromthe Ti 10 I n
procedur e Bxample®@ i | | ed powder was washed in a solution of 10% HCl in water
to dissolve the pCl 2 and My, followed by washing in distilled water and
filtration. FRehapRi@esgerrbzinc (ag47Q) apgdipoius fRgetiny wilkanexeessifiiipniyin Weec miled as de-
di still atlf?ﬁbef’d‘rEx?HP'?tbefr'@’dﬁ‘fa"@OG@'yﬁ ghowedthal e fREAHOBIf 10-5 torr. Procedures 1
and 2 rPésulted in average powder si 22 ofi-apprtidyately 0.2 and [err]

respecti Vel mmaéd aftelr:‘é cr Irngtelg SIE\L%(M\M% ésgé-nltugt ol O de{?lﬁr%? q?r.ﬁsagrc]:grﬁtiu&ron fe ct%n did not

mlled tog& her

carried out ‘l’Ja ébp&rét%&feé&%s?s 1hd saHEM %erpﬁanllﬁ@ﬁréé‘ﬂoutshﬂae% as tﬁ%edo%&p&ﬁoh@&'uhkg‘
tetraché or belfoh 8 ardt 18Bburé] 1n(thB mplaheldt6ials hauMs] ciibustioM@cirial 8 batEids Bite? RlinglwalrédiRed.
reaction. ettt reukdUdrTorBuktioh Hareadol it &aﬁﬁdrn@rholﬂiﬁétrrﬁé)m&h Hafor 22Larripé RBM kP 6 hours,
Appr opr i at @mbisticH desurred 79 s6dokds attdd thb Milidas laQarab.|Coyibubtion W6 Nét cb¥eridding: shhpid R smdnbry
15% exc es Sfonaigns-Ths tidequirbdfortombustiv) aitdd Boldir@iTéri1 8 buainias BBnddedseiaadaaih arrindmaseipihe
5 wi t h t heinitdl miiyg jveyaichthdbie & senpleailietidr ébdre conbBstibmagewsred 4lter 1@ bfter Bhokiigwarhbustion
at oni ¢ “raseeyred fftep 8 sroorida whilg n@jombprtiont deeusred in the sarerfpartiked for b hidwrsan excess 10%
titalkymwere dry mlled as de- scribed in Exanple 1. X-ray diffraction

anal ysi s sk@oe®St hat the reactl on: [err] had initi ated after appr oxi mat el y.

5 hours and was essenti al l ng) ete ai_ft'e. Igours % sE on reactjon
did n Ot The following reactions were carr d out by milling t elndrcate reactants toget er as In Example 1. Approximately

8 grams of powders were used in all tests, including a 10% stoichiometric excess of the reducing agent. Milling times
ranged from a few seconds to 48 hours.

3CuO + 2Al - 3Cu + Al,O,

CuO + Mg — Cu + MgO
% 2GuO + Ti - 2Cu + TiO,
" CdO + Ca — Cd + CaO
Fe,0, + 3Ca — 2Fe + 3Ca0
&5

5Ti +2V,0g — 4V +5TIO,
ZnO + Ca — Zn + Ca0



occut. In, a separate series of tests the sanples were nmilled for 5.5 hours.
The nill was turhed off for periods OEPPAAR8EPT petween 2 and 13 hours. In
the sanple held for 13 hours, conbustion occurred 2 seconds after milling
was restarted. The tinme required fwuoc»mrrbu;sddumre%]o}creased wi t h decreasing
hol ding -time, such that for a sanpl'e held for 6 hours, conbustion occurred
73 secondi§ gg:‘tléag& he mll was restarted. Conbustion was not observed in a
sanpl e ;hel onary for 2 hours. The tine required for conbustion after

hol di ng for r i i i L0 tial
1114 | Pl LAl aasg S et Mt
after 1 second; after 5 hours, nmbustion 40 occurred after 3 seconds

co
whil e no conbustion occurred i nA"kes F1E R YR8 485 4. 5 hours. Exanple 9
The f okd owkdiged WaGhhsuBtonvaERn.Ccarri ed out by mlling the indicated reactants
together as in Exanple 1. Approximtely 45 8 grans of powders were used
in all tegxampleicl uding a 10% stoichionetric excess of the reducing agent.
MIling times ranged froma few seconds to 48 hours. [err] 6 - EP 0449 .
890 Bl 4CuO Arr@pyetq ragspds of\C§aQ, gng P tomive hg logerall gommepition YRR, e silied topetiias py Je-
Ba and™Cucrrived i Exaspleifeifisiapprimately iypeytesiopnilipadhe ipadii@¥ e ni | | ed t oget her as
described in Exanple 2. After appr@ehoOptsdup -1ysarap,es of mliling-the . .
reaction: errJS 10 occurretd'by a conbustion reaction. Exanple 11
Appr opr i atteUHERYESOBUSONBAB and CuO to give the overal |l conposition [err]
were nlled together as de- 15 scribed in Exanple 2. After approximte€ly
14 mnutegphe MI1ing the reaction: [err] occurred by a conmbustion
reacn. 20 Clains 1. A process for the production of a metal, alloy or
cerantc Mot ex pradesd1BaherdaBeibe& € mefd), hildRér cerdmic material charactdrisBd i fhthf € of at | east
one reduci ble netal conmpound and at | east one chem cal reducing agent, at
| east sne of Whimddurd & atildastidaé fotiible Aol dompdtnd arRi abldddt &6 tiRfhicalediEifd tRyBit Glleast one of
activati on whi ehicrdsid particulehe foom,esubjentad tavsdebiinitg activatiof wiskth-cadsey defodiatibri) @elding and frac-
particl es by meechdine pariclasbpmscharicat meens $dibat the desositid metaietradoureidsmpduaottbyitise reducing
reduced by t heagesidnaeavtiondngdnsa negative ieeeretay chandedamraenigesa metaixa blloy productae a eaneaugance
change to prodefdie reechasicallactijationi] | oy product as a consequence of the
mechanfcal act PREgREGH nongpptal, or a compoung which, prayides the nametpieit inpludeg jn the wagipomiNgre to
whi ch provi desPPpHse feaRmEPaiprial rdugt 2pdioided in the reactjon mxture to
prodce a_cor AP Berata el « S BHEPER It i iy o
netal or a_met GERAT 1SS LART OO L, L% o R0 oy Wb e far | ncor por ati on
into the ceram<c erral or amoy prB uct; V\n?efEPytHegprBW SO that there is
no outsi d%. 'K‘Mss_@és JI i erélairﬁ H.etfhs:l%g'ﬂgli%%a{yﬁd ﬁ@%cg@i\gﬁ iscé?)br#'g&éactgﬁéchgﬁcal

| .

claimed in Glo@afitn i théiIekaitie b leSé bhe! rdtiubitttger 1 pRidite alief ound is
subj ected to nmechanical activation in the presence of at |east one reducing

agent to pr odpedssasBRindb inbishsl Y Gharactbrisof ifhA BRASEH mdf rédudibhisRslalicBmpolitis Belsubjected to

char acder i s@afibchdnichilactivationVp the presBaet &t RE! GrndrbdicifigRigart uROBPRLIRE S mRluR obtdlhies b dlioy

to 44 eadbani cal activation in the presence of at |east one reducing

agent used to produce a mxture of nmetals or an alloy product. 4. A process

as cl ai ned iAvrredessisgridimed in gitimi2or (Bim 3 laaragtetiasd indabh firthet rhedetl argl/of ametidield isringluddd in the

and/ or a netregction rpixtire s¢ that| thecfurthey metal jgrd/or metalioid is incomporatad into the metal, metai mixture or alloy
45 product. .

5. Aprocessas claimed inclaim 1, characterised in that at least one reducible metal compound is subjected to mechan-
ical activation in the presence of at least one reducing agent and a non-metal, or compound which provides the
non-metal, to produce a ceramic material.

50 .
6. A process as claimed in claim 5, characterised in that a further metal and/or metalloid is included in the reaction
mixture so that the further metal and/or metalioid is incorporated into the ceramic material product.
7. Aprocess as claimed in any one of the preceding claims, characterised in that the reaction mixture is mechanically
85 activated by high energy bafl milling.  ~ '

8. Aprocessasclaimedin any one of the preceding claims, characterised inthat the mechanical activation is conducted
in an inert or reducing atmosphere.



reaction mxture so that the further nmetal and/or netalloid is incorporated
into the nmetal, netal mxture or all ospgfé“agosproduct 5. A process as
claimed in claim1, characterised in that at |east one reducible netal
compound i s subjected to nechan- i4abD +B€e»ui-daQ,n t he presence of at

| east one reduci ng agent and a non-netal, or conpound which provides the
non- met aI, duce a ceramic material. 50 6. A process as clained in
claim i I‘p{d)rl sed in that a further netal and/or nmetalloid is included

int he [ eact AfpRopiBiterhased of 9,0, Hatand BEo folgivb 118 v loarhpodtiti/YBE,CURS, 3 Wefinfliel gether as
| ncor-ROr atdestribed inCExkrhifle Z: Aftét BppFoxifate 15 Minutbd & ARG the reactin: Pr ocess as cl ai med I n

any one of the preceding clai ar agt e at the reaction mxture
Y .«f}s%&[:bé _Sida”% 3{9 the.

is mechanically 55 acti vat R~ ener gy? #mlling. 8. A process
as cl araredcdumectyy contistish reattien.pr ecedi ng clalns characterised in that the
mechani cal activation is conducted in an inert or reducing atnosphere. 7
EP 0 449 dzemmall orr] Exanpl e 10 5 Approprlate nasses of [err] Ba and CuO
to give the overall conpos ition

Exapl & i VErgos0e Ao TR opee g5 0
ocgtrjrpred lfy"bggp'eg ﬁ%ﬁ ?pgrﬁéﬁtﬁwgdwgﬁﬁﬁ' g e Sgrl ate masses of?Y ?3a02

and CuO to give the overall conp¥si2Ba@yur JCePrt YRePeOmi | | ed toget her as de-
15 scri begskkbl dPaBRuStioR readtoh €7 @pproximately 14 mnutes of mlling the
reaction: [err] "occurred by a conbustion reaction. 20 Clains 1. A process
for thg production of a netal, alloy or ceramc material characterised in
that: 26 claims a mxture of at |east one reducible netal conpound and at
| east_one chem cal reducing agent, at |east one of which is in particulate
form i s Subhprodeestortice prsiodionsf @ aretahalbby arabraroin malaiiat ¢haaatersesin thatf or nat i on,

wel ding and frac- ture of the particles by mechanical nmeans so that the
reduci B e net alk Mé&igrd alriepst oge regutiploansiabspmpeyind pnsiat ledshene ghasticel redycing ager,cf eahone of
havi ng a negat iiehip Pé@"“é‘ﬁ@ﬂ%‘f? igg4ipriRs 1 mechanisel Getivatian Whighgpusesr deformation, weldingapd frags
a consequence G’Fe? é’ﬁ Mecenicatnpans; §q 13 the geslucible metal “’q FHNddHRPYCSF by the reducing
non-netal, or P’e}“% ngavesgw'mrfa%nsw ﬂ@"%"rf’"??ﬁ‘i"élm"‘af L aloK PRYERERE FReatfEce
reacti m xt u eram.c nat er pr t. 0 n

at Ieago'? ohe 01 ﬁgi%:l,me lérfat:or :a Jogﬁpovxwh Provndest enar? %&gl i5 fnalgéjeflgn a% B?)Artllgnm'%x {u¥ to
for ' ncor por at ll ét ﬁﬁe Gifrdr thilta ﬁfo;dqg m@Jde@’n l!ﬁ%XeaQﬁoﬂMe foMﬁcUBorTaﬂ:ﬁ into the
provi so t hat t@g;g,ﬁc;n&eﬁgpo,gm foSlRt, | npu her mal "energy during t

process. 35 2. wﬁmﬁé.s}&ﬁesawaﬂﬁer&is%Mel.nautataérmllne@faarrngﬁkgfoee%ed in that a
reduci &l e metal conpound is subjected to nmechanical activation in the

presence @& Aprotednsd claimia in Saimdj chgractgrizixd in that 4 redubibenetal Bapipaiind (i sbjerddd. to BiechAnical
process as cactvatiandn thepredendonf 4 Jeast haerrediting dgene tb pradudelaantetad sveduetr nor e reduci bl e
met al conpounds are subjected to 40 mechani cal activation in the

presence & Apropasnasclaimad i g d.i cheyaciggessitin thaldwp ar mofsrresticiele metalippmnaynds arsfsubjected |ias
or an # | oy Ppecheniretactivation jntheprseanesof aldeastiong rpdueing agen psgr IpPdese a gyxiyrepf metals or an alloy
char&cteri se®fUf- that a further netal and/or a netalloid is included in the

4. A process as claimed in claim 2 or claim 8, characterised in that a further metal and/or a metalloid is included in the
reaction mixture so that the further metal and/or metalioid is incorporated into the metal, metal mixture or alloy
45 product.

5. Aprocess as claimed in claim 1, characterised in that at least one reducible metal compound is subjected tomechan-
ical activation in the presence of at least one reducing agent and a non-metal, or compound which provides the
non-metal, to produce a ceramic material. :

50
6. A process as claimed in claim 5, characterised in that a further metal and/or metalioid is included in the reaction
mixture so that the further metal and/or metalloid is incorporated into the ceramic material product.
7. Aprocess as claimed in any one of the preceding claims, characterised in that the reaction mixture is mechanically
&6 activated by high energy balt milling.

8. Aprocess as claimed inany one of the preceding claims, characterised in that the mechanical activation is conducted
in an inert or reducing atmosphere.

T
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reaction i xtur e so that the further metal and/or netalloid is incorporated
into the netal, nmetal mxture or all cﬁfﬁ3498903 product. 5. A process as
cl ai med I%C%alml aracteris uci

Conpound R hBbEs oA el 3 Al b L SRR s PGl g B ot

| east one reducing agent and a non-netal, or conpound which provr des the
non- et al 10tQprQJeQ§jé§Q:ﬁlaﬁd REhAAD 6 e%sd.,alcra.mé%a@actﬁseprnqﬁa%é mhidePloflRfbndarmiod
claim 3, chagpmiiitest that a further nmetal and metalloid 1s inclu
in the.reaction mxture so that the further metal and/or mstallord IS
I NCorROr atig.da proéeds dstiinea lirPeiy 6nalBRING bleddding BiQFS) Gharacterised inhicd $18 Seiuditie rRdtal dpRuridlis
any one of tdsmctpd erambia grideb, aliphides, GAREsAByidAdes, Sitrilles, Barbidea bindidi phokpghaieé.i on m xt ur e
is nechanically 55 activated by high energy ball mlling. 8 A process
as cl almed2. Apregegans elaitpd in any opgrab he pfpgedingdiaimsaeharacibrisectic hat the sadtcingiagantisia ¢olidselected
mechani cal aftom eglgitmgppghesivm@andispditrad in an inert or reduci ng at nosphere.
EP O 449 890 B1 9. A process as clained in any one of the preceding clains,
character |1§eQIP’P9?s‘t%§&'P'"‘3d P amone e Aiaims 4 t°dék9@ﬂa°feﬁsef’ fdhat 188 eflcign agenhis 4 fiauid selegted fpom
proc es% as clnH Rl 'ﬁ“éYFr‘i/'" Byfleecggpon fﬁ@'b‘?%&fﬁﬂ‘@ 0 figHiqpmmopig 2pd 2 S0 Batgpsipm alloy.
e

that t qlicp anl Cal c%rmed }(Iaa%l Oeofc salrto ’n gv %ctensedr thgtlfhe recm%m a? r%tgs%,rgl;tasls C?lectg‘(} fromA
process as J'%“" ;ﬁg t, e prece 'ng crarne, cterise
that the re corrpoun I's selected fromnetal oxides, sul phides,

hal i des, Rhydk brgé:'e§s as@iaﬁrfe& fesy onG@frt@p%&uﬁ'aﬂi‘n@rchml%ﬂtﬁa?the hal, éi@yor@br&ﬁr@ﬁrﬁ@rﬁl
as cl amrred |@ocﬁ5mb9mgp@$es; ummﬁ? e nmegs, characterised in that the
reduci ng agent is a solid selected fromcal cium magnesi um and sodi um  13.

A prQcgess 18sA prbasmzbramdangny@neof@faml1a* 8B 15, dheradtdrisedCih thabihd exidntcadatérial drduiadt is a
t he reduci ngeceanierbridescadidb.intiigedr axigb.ect ed from it hium al kyl s di ssolved in
hydrocar bons, al kali netals dissolved in |liquid anmonia and a

sodi unfpotizsA prasesnidd aigjmedirbany gne of claimg devs § togl$, ehiampteriser! in thalthe/cammic materigl pydduy ista
to 11, char a¥P¥PIEW- i n that the reducing agent is a gas selected from
hydr ogen, chl orine and carbon nonoxide. 15. A process as clainmed in any one
of the pr%ct%g{ans%r Lar ms, characterised in that the nmetal, alloy or ceramc
materi]gJ vj %?muced by the process has ultra-fine grain size

partic es. 5 to 15,

char act err se Tf me?s?ﬂ%ﬁgggéa@nédé?%g%ﬁ? ?ﬂ%gg?&aﬁscstkg{a@s%gr&%?tgr%{sc bori de,
carbide, nitri ggdugﬁg&gdng&thS 17. A process as clained in any one of
clains 1 or 5 to 16, characterised’in that the ceramic naterial product is
a supessconduct g4 eilP@énRsth aESWRNIGERIEIR oiRbr rdduzidBdréraMiBVersindinging Sbridstehd e dR@Bischen
Met al | s, ei ner RedbgtioRsnitial) wolsbErmindbtaiSink @l K SpomsntelyRar@ieifarh Biat, aitdtkigchdnischen Aktivie-
gekennzei chnet yun@nterworfen wird, diedinNertrmen(&in e chwe i eraindwinidegedciEmger@artilef durch mechanische
reduzi er bar en Mitelhbviktsdyiab dereduziarhere WMetalvgrbindung duxiheafediitionstili¢l kiner Reaktion reduziert
Redul ki onsmi t t #ird. digelhenessiive, iieisEneraipansieryen ginbaltely umkeinidialieasec agierunoprreckt Alg Foige der
hat, ef’ner mcﬁﬁ?ﬂaﬁﬁhWW{Q’HWhﬁzusﬁe'{?ﬁg unterworfen wird, die ein Verfor men,
ein \lerschweilen und ein Zerbrechen der Par i kel durch rrec é‘l a Mttel
bewi rkt, so da agb eqf%lﬁﬂ%'igz%%?l@dmp&}lq ﬁlq n as eaktronsgemrsch Zur
Redukt i onsmi t t EPSIPINESRE Fr yedRramisdiae Matepal inge h'%e%w' ‘1‘1’ °Rbgative, freie

o G e A ML

Ni chtmetal | oder el ne Verbi ndung die I ch rreta | efert, In das
Reakt i onsgem Sﬁ'rhdé’rlMaBédﬁé,%&Mh&bﬂ@dé&iv%ﬁrel?dlﬁﬂblwé%e@kyﬁa VSEBER HENERWAL er i al
el ngeschl ossen wird und/ oder 45 gegebenenfal | s zum ndest ein
ander e® Mzt avdifarechaacteanaprddatial | oi d i n das Reaktionsgem sch zur Ei narbeitung
i n das Produkt aus keram schem Material oder das Legi erungsprodukt

ei ngeschl ossen dagdurch gekennzeichnet,
daB eine reduzierbare Metallverbindung in Gegenwart wemgstens eines Reduktionsmittels siner mechanischen

Altivierung zur Herstellung eines Metaliproduktes unterworfen wird.
3. Verahren nach Anspruch 1,

dadurch gekennzeichnet,

* C L L} S *



mt ‘der MaBgabe daB wahrend des Verfahrens kei ne Warneenergi e von aul 3en
zugefuhrt wird. 50 = 2. Verfahren naclﬁfﬁw 1, dadurch gekennzeichnet,
dal 3 ei ne reduzi erbareé Metali ver |n un nwar t vvenl tens ei nes )
Redukti onsmi tt & ZW&\%%’(",?H% %?I 'eq"@qee "?ﬂ’f‘" 9 “@g ols einer
Met al | produkt e§ EHRE" ‘i”vﬁn‘? 'V%"'W?W 5 warderk dp pia P W"'H'&%‘ 9&8‘& ?%eé‘ﬁ‘ Sprody BRER"
gekennzei chnet * EP 0 449 890 Bl daB zwei oder nehr
reduzi grbgy evg}@lgrgrldag@grgbrn&{lérbgg;%épmc@genmrt weni gst ens ei nes
Reduktionsmttel s einer mechani schen Aktivierung unterworfen werden, um ein
Met al {gem sch Qslfifch @bK8nrz8GHh&! UNngspr odukt herzustel - len. 5 4. Verfahr en
nach Anspruch améweitdNesnmidll Gritvoder ol MdidiioRNin dgEMeakIARbIAIEHR BihgoschidbBsoR ik, Yifrit i waRere
Met al | und/ odeMetail undideiérMetativictin da3 Mbatiprédaialdas Bisislgenisch olier Basnggisrarigbmainig Binydarbeltet
damt das waitdéte Metall und/oder Metalloid in das Metall produkt, das

Met al | gem sch oder das Le c%l erungspr odukt eingearbeitet 10 ist. 5.
Ver f ahr en Sna¥efelprsedisPrish ldadur ch gekennzei chnet, 75 daB

weni gst ens ei ne reduzi erbare Metaliverbindung in Gegenvvart weni gst ens ei nes
Reduk:nlé%)nsm ttgF durc) n%ﬂﬂ‘g%’]’ﬂ ®INi cht rret aI | s odor einer Verggtl nr;de%g dj e 2o g
Ni cht all i

ei n keram sche$ T w@ﬁ\"‘i“’é"}'s a?ani%% '""é*??*h ‘gj;%%‘g‘@gg%‘%%{% mzwswﬁcge@mwe% unter-

dadur ch gekennzel cﬁ”r'{%tum el n wel ? ' al | und/oder Metalloid in das

Reakt i onsgbeny%,qeﬂaggﬁﬁmh%ssen wi rd, damt das weitere Metall und/oder
Metallggd 1n das Pro aus keram schem Material ei ngearbeitet ist. 25

7. Verfahren nagdircRighi@izel@hetyOr her gehenden Anspr~che, dadurch

gekeRnzei chnet dadlén weitdds MERIRI bR HCdas HebkivhsdaMBENTREsghiesdiLge) cami Bdsaitere
mechani sch akt imstait trid/odérMatalicin das®rodike sus &érareischera Miters sveyparbkttst ist.or her gehenden
Anspr Cche, dadurch gekennzei chnet, daB di e nechani sche Aktivierung in einer
i nert e odor Verigfenriaeh @necheiar vathengehshdden Anspdielgenonmen wird. 35 9. Verfahren
nach el nem der vorhergehenden Anspr Cche, dadurch gekennzei chnet, daB dem
Reakt i onsger ni SedreBRekemeeieelr i t t el hi nzugef wird. 40 10. Verfahren
nach ei nem der ¢ %ﬁ@ﬁﬁ%@%ﬂ%%ﬁgmheweﬁﬁﬂm meehepst 2UVERWBL | daB di e

mechani,sc I Vierun | termtti n rchgefihrt wrd. 45 11.
VerfahrOanbh @#%f%’?ﬁq er J\‘}OPH’g'P‘a‘g °%P|§%s r"%’rﬂésprOche dadurch gekennzei chnet,
daB di e reduzig 'g Lhger bi ndung aus Metal | oxyden, Sul fiden,

Hal ogeni den, éézﬂié Sbhariiothe Akﬁlﬁeﬂmg FEYMaTTeT:TeN &Qﬂé&ﬂ&&mﬁ’&‘%@aﬁéf@%r@mwﬁh&t

wird. 50 12. Ve ren nach el nem der vorhergehenden AnsprQc
3 9. Verfahren nach einem der vorhergehenden Anspriiche,

dadurch gekennzeichnet,
daB dem Reaktionsgemisch ein Schmiermittel hinzugefigt wird.

40 10. Verfahren nach einem der vorhergehenden Anspiiche,

dadurch gekennzeichnet,
daB die mechanische Aktivierung intermittierend durchgefithrt wird.

45 11. Verfahren nach einem der vorhergehenden Anspriiche,
dadurch gekennzeichnet,
daB die reduzierbare Metallverbindung aus Metalloxyden, Sulfiden, Halogeniden, Hydriden, Nitriden, Karbiden
und/oder Phosphaten ausgewéhit wird.
50
12. Verfahren nach einem der vorhergehenden Anspriiche,

dadurch gekennzeichnet,
daf das Reduktionsmitiel ein fester Stoff ist, der aus Kalzium, Magnesium und Natrium ausgewahit wird.

13. Verfahren nach einem der Anspriiche 1 bis 11,

dadurch gekennzeichnet,

° I



dadu’ ch gekennzel chnet, daB ,das Reduktionsmttel ein fester Stoff ist, der
aus Kal zi um Maghesi um und Natrl um augﬁg\ﬁﬂ&?‘f B rd 655 13. Verfahren nach
ei nem der AnsprCEhe 1:

e nnzefé et
1 1111111 ID | IdF uss;ikenhg cke n Kol nwassersteffgn elj @L a| lerﬂglgﬂs-
das Redukti ons rsngf'f' eﬁ"mgn'a %ﬁﬁ%ﬁ% {n ung giner gl‘tg"%gum'hegk ofe %‘ﬁ%\é’gg W of f en
gel osten Lig t?ﬁ'ﬁﬂ?‘l ﬁhndaF‘Arfsbrﬁéhe%ﬂ?{n Ammoni ak gel osten Al kalinetall on und
|

el ner Natrru um egl erung ausgewahK wird. 14. Verfahren nach ei nem der
Anspruche 1 bi gaduloh gbkeRieibHheth gekennzei chnet, dal 3 das Reduktionsmittel ein
Gas i{l, das auwas ¥RHeUKiohsHilel eif Bdstst, dddislis IK@Ho RRATTABXind KAHHABIAD Kusdbvisft wi5.
Ver f ahren nach el nem der vorhergehenden AnsprCche, 10 dadurch

gekennzei ctsneérahrerariBcidleiseridat witergetebhden Aegpriee,ing oder das keram sche Materi al,
di e durech das Verfahren hergestelt werden, ultra- fetne Partikel in
Koner gr ol e auf wWeduh gelepnzeidtget, \/er f ahr en nach ei nem der AnsprCche 1 odor 5

bi s 15, dadur cl¥ageekMatalk dip Eegieang odgedas kpsamisthed\itadel. dif fyrel das Yafabion kaigoRallt werpqg; utra-
ei n ker ani schedeimdiartige! inKamerprgBe ayweist d oder Oxid ist. 20 17. Verfahren
nach einem der. Ansprfche der 5 bis_16, dadurch gekennzei chnet, daB das.
Pr odukt® au® M‘ﬂ?@'ﬁ?%@'ﬁﬂ?ﬂ {&s?féqheéﬁffgéb Sleiter let. 25 Revendl oatlons 1.
Proced6 de proq’g&}éh le anQ{Et al, dun alliage ou d une mati ere ceram que

caracterise en g ram.schemﬂl&eﬁa%ﬁ kenertRlches Bt ki, RiHIGaS) oRl islT0i NS UN
conpose m-talli que re uct| b e et au mai ns un agent de reduction chim que,

dont ale Med7N GertdRredritkh §£H&$defﬂ{sﬁ§‘chgﬁ’-5&dr§bﬁjs% re, une activation mecani que qui
provoque une defornma- tion, un soudage et une rupture des particul es par
des ens necaladwﬁu@aedﬁelaﬁal bre a -ce que | e conpos6 netallique reductible
soft reduit pardabd=agpesdokt eie keredisahbrn Matedalieic Supragpitet'istine r eacti on ayant une
variation d energie |libre negative pour obtenir comme produit un nbtal ou

un al | Page en cons6quence de |'activation nbcani que; 35 on

i nt roduf t fReYepdicationgenent un el errent non-metal | i que ou un conpose qui fournit
| " el 6ment non-netal |l i que dens | e nel an e de reaction %a?r obtenir come
produHt unk ﬁ'&ﬁd@%‘” F‘Q?ri’ﬂiUEéta'é’t“Fﬁ'LFQB U §'re PEReIA Geramicy 3&'?7'5\98%%“ au mai ns
l[;(r;r :lrjt :?‘Z? I gﬁ Frg![ i %ra § an e%au Oi sun cempos m& qee r%ducgb?ecett It:i'z(a)unm r? 4r gen &rgJuctlon

u9 gst aﬁgﬁ‘\alrg fo ma-
reserve qu'il rﬁé" : |sé|'de§jm Q,%n%
procéde. 40 2. fQGR agduétlﬁt]e%ltr nEé? deftn a coqu%Fuﬁ& ﬂérﬁé@arﬁ&e%ﬂa%h@%nergue

fait subir & umbrsﬂémmsomt it lcbrAthEprocBflHh B@un MER ef 6dnbsquerdd s BctiRERIGAREEN&e;
en présence d' aHintidukiScutisliverfith éldﬁenf@duﬁfam@ia olP$Hebmsdbd cRTbunitlidlsnieRtndn- MRS dans
produi t. 3. Prasmélthgsed Battidndolirobterik@dobmé produit tne ntafisrecdratiqus;ey@n ce qu' on fait
subir a deux C@AMocdEBfatthitRénmentH@BIng @chuttd mdidl asunmétatidide dans le mdlange denéaction pour Yincor-
acti vati on necaniecpie metdrqréBsienea: al'aliage dénnecanmeadsit de r6duction utilise
pour obt eni r- ursoysgésangeuichly aivpasalarpos @xtérieuralépergigibermigharengantjelpiPeédé. 4. Proced6
sel on ¥4 revendication 2 ou | a revendication 3, caract6rise en ce qu'on

i ntreduHt 2unP@erdp eelopda rayendieation . eafaciasé.on oo A8 ' auRr & ug coppo ligue rpdugidlens aefe
mani ere a i n¥aSPHBfcaRiaue e, prpgence fay mping.unagent ﬁ%’ﬁ%ﬁ'%ip%%ﬂ‘"% I conrge pe*4nge

3. Procédé selon la revendication 1, caractérisé en ce qu'on fait subir & deux composés métalliques réductibles ou
45 plus une activation mécanique en présence d'au moins un agent de réduction utifisé pour obtenir un mélange de
métaux ou un alliage comme produit.

4. Procédé selon la revendication 2 ou la revendication 3, caractérisé en ce qu'on introduit un autre métal et/ou un
métalloide dans le mélange de réaction de manidre & incorporer 'autre métal e¥/ou métalloide au métal, au mélange
50 de métaux ou a l'alliage obtenu comme produit.

5. Procédé selon la revendication 1, caractérisé en ce qu'on fait subir & au moins un composé métallique réductible
une activation mécanique en présence d'au moins un agent de réduction et d'un élément non-métailique, ou d'un
composé qui fournit I'élément non-métallique, pour produire une matidre céramique.

6. Procédé selon la revendication 5, caractérisé en ce qu'on introduit un autre métal et/ou métalloide dans le mélange
de réaction de manidrs 2 incorporer autre métal et/ou métalloide & la matidre céramique obtenue comme produit.
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50 de met aux ou a lalljage obtenu comme produHt. 5. Procbd6 selon |a
revendl cation 1, caract6rise en co .qLFP 4R8P BIubir a au nmains un conpose

nbtal | i d i bl e’ tiyati ' : d T NS .
o R S R L5 o

. . e de réactio S Un broyeu ule - .
fournit | AtC Ron-netal rque, pourry FAdUITE " Une nati ere cerani que. 55

6. Procedg s | 1 e i : i

Ut o ot o ool R eical iy oo Sl e BNt e
incorporer lautre netal el/ou nbtall o~de a |la mati bre ceram que obt enue
COMEAJM 0@ Brocsddsefdn I'une quelconque des revendichiiohd préckdehiod, Ichrhctdribd. érlcd duioh ajdutd dnliubtifidat au
L N4 S mélange de réaction. _ EP U 449 890 B1 7. Procede selon

| une quel conque des revendi cati ons precedentes, caracterise en ce qu' on

act i ve’nmbdariropdednelar 'uhequaicdnayeges rekendicgtions préaddgntes, cirpaidrisarn celques effentudliactiyation méga-
boul es a haunique dnmanifirintergiitee.ocede sel on Puns quel conque des revendi cations
precedentes, caractdrise en ce qu' on effectue |'activation neca- 5 ]

ni que dand-UF{ecéds $pipa e aueicopup des 'SY?“‘F"@H?PEPWFE?'F“Q‘.’" B SR &0 949 Iy ppmpos festallique
quel copque déﬁ“”‘:‘b@\/’é P &R r"b;f.‘@ ?F?cﬁﬁiéﬂ?’@é-,de% opinuEes. cephdnireg et pfingE: S serpues
un | ubfi fi anto4trs RRRREE

{
mialiqee ction. 10 10. Procbd6 selon P une

quel conqu i ) C I oIV e
Rt vt 12y oothE 3Rt Gl 3o R RIRUEANE paok AL AR T ol Bkl
guel conque des revendi cations prectdentes, caract6rise en ce que | e conpose

met al | 200uUQq3.r $6des deloh Rindquicsnt St doé reVedicitiond € 8 110 2a/Hd@Rss ofl E5qus kHlgérid e SductidR Sst un liquide
hal og6nur es, chéi§ parhy b dk@ifhiund @Bsdds dahb! 863 hydretaBurbs BddUeRHx d&lins dissous Hand de hefoniac
phosRhat es nigtied dt ualidge sodidm-pbissiode sel on | ' une quel conque des

revendi cations prec6dentes, caracterise en ce quo |'agent de reduction est
un sol i de 1&hyPasié geian fine hesiconuiue dag ngveridigativpyie Hi caraciétisé lom casqyd I'agent d@ @ductich3st un gaz
Proced® sel othoisiparmirhyfirsbreple ghlere eldesmanexydadeicalaerieons 1 a 11, caract6ri se6 en
co que |'agent de r6duction est un i qui de choisi parm des alkyllithiuns
di ssous ddPrsPreRsds ??f&r‘ e areaoree Feﬂégnﬁ’*ﬁ'%’a R'é&ﬁd&'!iﬁﬂ??éacﬁi'%%ﬁ% e etgletalliage ou la
| ammoni ac | TEP GE=RUeRIPIY Ae] '8 Aecedo R fies rEfdiea daiplffle 9B Uik 6de sal on | une

| - . % i X . N
reduct %*Sﬁqs-ﬁfgic@%iﬁggﬁ'g ey dé@g%if:g%‘ﬁ%jﬁﬁﬁﬁ%&éﬁ%ﬁ?eeqq%ﬁ ARG aerue

nonoxyde de car roc 0 I "une’ quel conque des revendications

precedent §§, prsbd¥eloRiuhsReEdhqic@estVRndic@tidiB | &5a 16, 8brhdtéition €4kub R mTird d3fafique obtenue
ceram que prekhk brofiestluf sipfesmdtieur des particules de taille de grains
ul trafsne. 30 16. Procede sol on lI'uno quel conque des revendications 1 ou 5

a 15, caractrise en ce quo la mati bre ceram que obtenue conme produit est
une c6ram que de type borure, carbure, nitrure ou oxyde. 17. Procede sol on
| " une quel conquedes revendications 1 ou S a 16, caractrise en ce quo |a
natibrg ceram que obtenue comme produit est un supraconducteur. 35 40 45 50
55
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