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As powder production by atomisation is of particular industrial and economic
significance, various atomisation strategies have become established. Specific
methods are selected depending on the powder properties required, such as particle
25  size, particle size distribution, particle morphology, impurities, and properties of the
melts to be atomised, such as melting point or reactivity, and the tolerable costs.
Nevertheless there are often limits from economic and industrial points of view to
attaining a specific property profile of the powder (particle size distributions,
impurity contents, “designated size” yield, morphology sintering activity, etc.) at
30  justifiable costs (W. Schatt, K.-P. Wieters in “Powder Metallurgy — Processing and
Materials”, EPMA European Powder Metallurgy Association, 1997, 10 to 23).

vvvvv

STA 218 (Auslandstexy AMARARG AT

*GONNNT *




Materi al s", EPMA European Powder Metal | urgy

Associ ation, 1997, 10 to 23). STA 218 (Ausl andst ext)

2 PCT/ EP2004/ 007365 Powder production by atom sation .
primarily has the drawback that |arge quantitPEJ/ERE004/007365
energy and atonising gas have té be used, and this

renders the procedure very expensive. In particular
production of fine powder fromhigh nelting alloys

Wi t j [ 2t j v ' o
ne, ey PR B T R Rty 18 e Bk GRCBATER quantiics
necdsyietgyt sl atomasing Baghaveppl becased omdothieredgy thoprocedure very
produci ng the |t and, on e ot her hand, .t he gas .
Cor ST i gpERpley ieich ok sk Boweer 31 Post' BirfiRaays wih a
Si Zfeltiflg poRBSAH00PO sl ivehyastonsthichl &b HROnehhAN tRCKRA melting
if at |east one alloy elenent has a ver hi gh

Saf fROARY RECeSSitaRy g &sry nab tapplicasinn #F energhiyfoprodeding hegmelt and, on

dur i j f ' o [ | e . .
T R Ry o

t 0 duardabas| B qidirtbac tifficultiys eftedroceat it anleagohenlloy element has a very

single-stage nmelt netallurgical methods are al so )
fr Qaa%rﬁwgm%a%eac (o8 agWFARERS MAY ol aghievedediyring production of

o Lty el GHARELEuTFe (ol ErORERAE: | | o

10pr oduced, or what is referred to as "crucible nelt
extracti th n of

o 1ot S L oo RS pe-soge
et btal WRRAE bR tar€ RS f%qfuémw 8SedakEcPRS AhReH: kfdwn as “melt-
further inportant variant of powder ﬁroductlon is the

chetpigang peehpdunng a meltwotg arcooked etlawheseby e thon, usually easily

et BB BT Ryl Rl PR} B oxaction
15W eiteeribe iimimeRowdef aMloddd! pro@ied- rofr @221 achigh @peed into a molten

Materi al s", EPMA European Powder Metal | urgy

As sBeprhtyhsFein parggles Oggbqeé agpbtaigsgk r enel y fine

particles which have particle sizes of |ess than one

mcronetre may 25 also be produced by the conbination

of Avptheatimportandvacand efigmwden ppéductidmlis therdthamicay snethod via

and vi a. gas. phase .reactions (W_ Schatt., K -P. Weters .
' TetsTind o B TGP et PG Shrf g aiop P oBtain alloy
20EPMRy Wit O RE aRisPavpiaer Mt addndft O A8 SOGédds BN “Powder Metallurgy —
Processing and Materials”, EPMA European Powder Metallurgy Association, 1997,
23 to 30).

Extremely fine particles which have particle sizes of less than one micrometre may
25  also be produced by the combination of evaporation and condensation of metals and
alloys and via gas phase reactions (W. Schatt, K.-P. Wieters in “Powder Metallurgy
— Processing and Materials”, EPMA European Powder Metallurgy Association,

1997, 39 to 41). These methods are very expensive, however.

30 If cooling of the melt takes place in a relatively large volume/block, mechanical
method steps of coarse, fine and superfine comminution are necessary to produce

metal or alloy powder that may be processed by powder metallurgy. An overview of
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attain their industrial and thus their financial limits with comminution of ductile
25  starting powders, in other words materials that are difficult to comminute, and low
designated particle sizes. This is explained by the decreasing kinetic energy of the
powder particles being comminuted in the gas jet. As the kinetic energy of the
powder particles is to be applied only via the carrier gas, the specific energy
requirement during superfine comminution increases to financially unjustifiable
30 ranges and in the case of powders with high ductility is practically inapplicable. The
sintering activity of these powders thus comminuted does not correspond to the

sintering activity of powder particles produced by conventional grinding either.
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A further method for producing fine powder from ductile material is mechanical
alloying. In this process agglomerates are obtained by intensive grinding treatment,
which agglomerates are made up of crystallites that are approximately 10 to 0.01 pm
30 in size. The metallic ductile material changes as a result of the high mechanical
stress in such a way that fine individual particles may possibly form. These contain

the composition typical of the alloy. However, the drawback of this process is that
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b) the flake-like particles are subjected to comminution grinding in the presence

of a grinding aid.

30  The particle measuring apparatus Microtrac® X 100 is commercially available from
Honeywell, U.S.A.
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25  particle thickness of the flake-like particles. The particle diameter to particle

thickness ratio is calculated from the previously ascertained values.

In particular fine, ductile metal, alloy or composite powders may be produced with
the method according to the invention. Ductile metal, alloy or composite powders
30  are in this case taken to mean those powders which, in the event of mechanical stress
until the yield point is reached, undergo plastic expansion or deformation before

significant material damage (material embrittlement, material rupture) occurs.
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specification. Analogously it is also possible to
subject a cylindrical material sanple, which has a
di afredlegously it N alkmpsssiblato subjict applimiticabmeateyialSsainpld, avhich has a
mechani cal conpressive stress
1ameter to thicKness ratio of approximately 3:1, to mechanical compressive stress
25 in a commercially available pressure testing machine. Permanent deformation of the
cylindrical sample occurs in this case as well after application of an adequate
mechanical compressive stress. Once the pressure has been relieved and the sample
removed, an increase in the diameter to thickness ratio of the sample is determined.
Materials which achieve a plastic change of at least 0.1 % in a test of this type are

30  also called ductile in the context of this specification.
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25 in a commercially avail abl e pressure testing

machi ne. Permanent deformation of the «cylindrica

sanpl e occurs in this case as well after application

of an adequate nechanical conpressive stressPCER2004/007365
the pressure has been relieved 8nd the sanple

renmoved, an increase in the dianeter to thickness

ratio of the sanple is determ ned. WMaterials which

ac hy: el [ - af %1 e 0

of r‘ftlﬁ? Sl ut@E )1/18 eﬁgpe&%ﬁgﬁgﬁcg I eéolta ct ?’fféd uléfrllht?’hgf ifRbst 5 9% are
comrefetabdy prodiiseddpeatbe friedmidi aooordi@gAo HkAnyehtiohandst ext )

8 PCT/ EP2004/ 007365 Fine ductile all oy powders which

have a degree of ductility of at least 5 %are

pr eA&loadhy P ERAHCEHioRYNd By RREoAHGRRGEISK 1Ryl d¥8netal powders
i nvention. According to the invention the capaCity for

5c orthitneanpeinboeoramimedofurtier pér ysomdeproved bylthe usanhotechanically,

be 1. oyt furt her . i.S..1 mpr.oyved by the use of
rechETP Gl A ey Sl BRBYRE ARl SFr JR°pRposeruiy
actdddgd gr produced iaithks gridieh prkessPArfpadeRidntd] Mspeatle@isdpproach is
produced I n the ‘%ri,ndi ng process. A fundanental aspec
of thalh deaghspiead ndpsired; ¢pampasiionc 1d the powdere dusgrroduced cannot be
co i QN S
B P KR RS 4R AOUFRAATBRGHRS, suh s e
10pr ciesngbelav mpe vt flesabibychreasmptdved. 10 si nteri ng
behavi our or flowability, are inproved. The nethod
according to the invention is suitable for producing a
W dEneV AethBl YacBdrdinl t0ah&Bivhtiold fitaBle t%PgRﬂ%bi‘h? a wide variety of
powders with a nmean particle diameter D50 of at npst
25 fme metakbeHoy gneamposite pawdera withya roearcpanicls idiamepay MRy of at most
of g%ﬁonposition corresponding to formula | hA-iB
j G rPI) 20 may be obtained, wherein A represents one
150r nore of the elenments Fe, Co, Ni, B represents one
or nore of the elenents V, Nb, Ta, C, M, W M, Re,
Ti ’Forzegalgp}e @gt’al,gélpy ,ng’com@g)smtpowd@,rs qn‘ag cgmpogifion pqr,resppnding to
rzﬁl%grﬁglgtls one or nore of the elenents My, A, Sn, Cu,

hA-iB-jC-kD D
20

may be obtained, wherein

A represents one or more of the elements Fe, Co, Ni,

B represents one or more of the elements V, Nb, Ta, Cr, Mo, W, Mn, Re, Ti,
25 Si, Ge, Be, Au, Ag, Ru, Rh, Pd, Os, Ir, Pt,

C represents one or more of the elements Mg, Al, Sn, Cu, Zn, and

D represents one or more of the elements Zr, Hf, rare-earth metal,

and h, i, j and k indicate the percentages by weight, wherein
30

h, 1, j and k in each case independently of one another represent 0 to 100 % by

weight,
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D represents one or nore of the elenents Zr, Hf
rare-earth netal, and h, i, j and k indicate the

per cent ages by wei ght, wherei n 30 h, i, j and i n

each case independently of one anot her represBﬁﬂVEPQQQ4Km7365
100 % by weight, STA 218 (Ausl 8ndstext) 9

PCT/ EP2004/ 007365 with the proviso that the sum of h,
i, ] and k is 100 %by weight. In formula | preferably
5 A represents one or nore of the elenments Fe, Co, N,
B represents one or nore of the elenents V, G, M, W
Ti , witiCtheguodsethiasthesemart hppy endk it HY %lbermesigls. My, Al
and D represents one or nore of the elenments Zr, Hf,
Y, La. 10 h preferably represents 50 to 80 % by

wei gbsmilR [ piférably! ar preferably 60 to 80 % by
weight. i preferably represents 15 to 40 % by weight,

5in particul ar preferably 18 to 40 % by weight. ]

pr ef er abl resent s 1 in
par‘fi‘l cul §¥re Fet &fa rImore tfﬁb Q%Fé%gg‘ﬁt

pr e er ablepres &g @&emtrﬁo@ olfmeﬁel%lmts weCgo, WnT1
particular 15 preferab{o}é O0to 2 %by vve ht. The

net<a| AEPISFCIRT ORERFIBAE S therhpraends Mep v accor di ng
ﬂi)he 'Jééx%@édt?@n%m@ﬁm&@é&éﬁ?ér By ? g&fﬁ' | mean

partlcle i amet er e nean particfe’ dianeter D50
10i s preferably at m)st 15 m determned to ASTM C

1070, 8 R4, MERMAELE B0 ey

Cormaghtt 1 9%f9ffabltyh€pl@§e?it§ edlto ABLAby »\%llélﬁqu:rarﬁc%lﬁi“%ﬁéi%ﬁably 18 to
powder may be uSed as the starting powd

net4{b% byaweightlj preferably mepresentsii: fookd %dwewgght mt partsa&diraueferabl\

ssibl.e 0, use. f several ., 25
Povii 4Byt iy kRt rERHRAEIL B soripbL e in partcular
15aftlﬁefesguj1j; amg%gy%tgh@n of the m xing rat [ o The

conposition of the produced netal, alloy or conposite
powder may al so be influenced by the choi ce of

gri-pgh H&tﬁ,i 5’1’103j br tcglinﬁogil%nﬁho&eré Br&cﬂged according to the invention are
distinguished by a small mean particle diameter D50. The mean particle diameter
D50 is preferably at most 15 pum, determined to ASTM C 1070-01 (measuring

20  apparatus: Microtrac® X 100).

By way of example powders which already have the composition of the desired
metal, alloy or composite powder may be used as the starting powder. In the method
according to the invention however, it is also possible to use a mixture of several
25  starting powders which only produce the desired composition after suitable selection
of the mixing ratio. The composition of the produced metal, alloy or composite
powder may also be influenced by the choice of grinding aid, if this remains in the

product.

30  Powders with spherical or irregularly shaped particles and a mean particle diameter
D50, determined to ASTM C 1070-01 of greater than 25 um, preferably 30 to 2,000
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product. 30 Powders wth spherical or irregularly
shaped particles and a nean particle dianeter D5O
determined to ASTM C 1070-01 of greater than 25
preferably 30 to 2,000 STA 218 (Auslandstext)P@?(T/EP2004/007365
PCT/ EP2004/ 007365 m in particullar preferably 30 to
1,000 m are preferably used as the starting powders.
The requi red starting powders may be obtained, for
ex | & N, ©f e
ne?gﬂs?sar éltﬁpg} ﬁgﬁ?@s%(?é%rﬁ)r?@o '!éllél grf theﬁééébl cqggdc?g fhe starting
to ndveiersnventl on the starting povvder is firstly
subjected to a deformation step. The defornation step
may be carried out in known devices, for exanple in a
r ol TieNgbqiirkd astaﬁtrhgeggwdé'ﬁs'ﬁla y Be mb%n&in%lg)éxd'ﬂlﬁlla 9& a®dhisation of
attritor or an a ated ball m| 10 By suitab
5sel meltgmgetalsangy i @e@gsaéngsmh@ammgcqgmlaﬁm gftmg. i n
particular as a result of the effect of mechanica
stresses which are sufficient to achieve plastic
def acomadingto tiRfinvéiriomahe Etiaﬁinggj” ovidee ispRe rsulli}@dft&dl & edeformation
the individual particles are defornmed, so they
ul tStemat dreydefornatian sleakeay b sarrigd ppt thknavin denress fasfexample in a
th y n
pl AUl B TRy ARNIY REIheley B1F U ol ardt S HREEHAEE ball mill
100r By blam’mlbjr sel&:tlltlglthe ployessepgiatathgsparanstersgin psarh&tmi ds"a result of

deftﬁﬁ'@a 49 al%’fsalgs?ré?%%?”%a(r? )Suf‘%@}%%gfps' Ffeyaasis Hpfgrmation

of &Qh@Hﬁ%rl‘éﬁoxaﬂB@ po@vﬂéxcﬁdrt%l@é tk&rlhﬁ‘l@idﬁgl %Jreéle%@mefo@mw so they
an attritor or a ba erial stress

duruligatehy kavgef filﬂlqwthecfnrrrmixe tled@essmféhfr fiakes maﬂfenahhd@mg 11020

d/
? Eelﬂfq(r) t S ak? 8%‘0 ,f%{, e>&a ’nlﬂ't ?t}?got}f ﬁtéyslsrglg dp Iaarplle:r ¢ @ hammer

15Knowl, |’B§)| &ﬁéhtd?ﬁitr%'sélﬂg @i CaphallP’ Et{:‘e'forﬁﬁhblfiJ isfeb$,abt &hmple by percussive
processes. may al so be used fo produci ng strips or

" f | gikgkng inTpeeddy milk et tah%HWBIYHE{% raby § combénatien of percussive and
fl aik%ﬁ nagrggmfiﬁ%nfoi%%.rﬁgg ﬁaB%EtrlFoqIBmangl rﬁﬂl %E 'i]lgéhr]l%aterlal stress

descr dedi' &M h WA
def durimgtthis mefdrmptmns maa leaded swudturat demagiei andion gnagihi ambrittlement

ot.her [ conditions are ef rab .
ot whitBedunerisedin OF hAMwiRG seps B8 SaBimin flag by Miighal
72pabrasi on and/or reactions with oxygen or nitrogen are
as small as possible and below the critical value for
t heKngywh i roelteno megilurgieal plagid s idifagatian eprogessasnmapealso be used for

producing strips or “flakes”. These, like the mechanically produced flakes, are then

suitable for comminution grinding described below.

25  The device in which the deformation step is carried out, the grinding media and the
other grinding conditions are preferably selected such that the impurities as a result
of abrasion and/or reactions with oxygen or nitrogen are as small as possible and
below the critical value for the application of the product or are within the
specification relevant to the material.

30
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specification relevant to the material. 30 STA 218

(Ausl andstext) 11 PCT/ EP2004/ 007365 This i s possible

for exanple by suitable selection of the grindin

contai ner and grinding nedia naterials and/ oPCEFa”é)%QQé/OW%S
of gases hindering oxidation and nitriding and/or the
addition of protecting solvents during the deformation

step. 5 In a particular enbodi nent of the method
accpiliif@odblt er RMRME! BNsifiBlel deddiSioh! dfethe RATHdIY Eshtainer and
are produced in a fast solidification step, tor
exagrpidingomediaanatealk nodor ds usend| gasesphinddrmg” oxiditioacandynitriding

f h t.b l i t ] :
or AT edihtes TG Gk S venls AR aHop S
formed. 10 According to the invention the flake-Iike

particles obtained in the deformation step are _
Ssubpecpatictlar epbedimgnt efnthgmatidepcording trethgrinvension tlanflake-like
t he_qQF ' -l icgle , . .

| Do LA Srod 0 NELHE L SO, 19 AR B et s ko
partmeit epingingirediesctly ofrqaarthe ahelt bhioklhigeg 9nra@t baweén dhd or more,

to 10;1 usuall ei ng olhtai ned and, .on the other
harkicfefap &é&#@@e awﬁéﬁs@mre&ﬂ&w- of at nost 25

gmis adjusted without 15 particle agglonerates that
are difficult to conm nute occurring again.
10Contveaonding o grei indemipnrthy flakdBkpbartieles obtatedripltiee defommation step

far instance. an ecc&.ntr'c mll, but also.in

mil, .
Gut BeEROIFgRY B comminyiap grigfing; Iny the progess eRdhepiecipnd, the particle

br i igmeRP YL pifEERN kAtkiRbAthRSdhRte@WphithahP SHrfid16f QRth a particle
novement and stress rates in the flake. 20 According

t o dipmetenicepariign tiokneshiationd 1gh tontl: hgsuadly dwing abdained and, on the
t he cg.of. . | ndi ng . a I QUi yndi ng _al :

| BESRERS e Bbrt AEUga0 Bl Bt L0219 e o

15as pditclgbgglomBataithat akdditfidudt t6 @6 ntifete 9tdudthg Ggaih ds
may act mechanically, chemcally or
mechanochem cal ly. 25 By way of exanple the grinding

ai -he. na g ' i a I
2 TCPARRACIALILY ) OSRRL! i, MRl K nstace an
or ganemtriaanitls bandisorin Kartbett mdise extabdepood gitnilad @eBices théch bring

ﬁgquag)rgt %121@ '?F;%ﬁer%% ov%sr’lgrtrgﬁll}fae?el:nct: %1|ov Irnlegtde{ng%trgslsdrgte?Pndthe flake.

20
According to the invention comminution grinding is carried in the presence of a
grinding aid. Liquid grinding aids, waxes and/or brittle powder for example, may be
used as the grinding aid. In this case the grinding aids may act mechanically,
chemically or mechanochemically.

25
By way of example the grinding aid may be paraffin oil, paraffin wax, metal
powder, alloy powder, metal sulphides, metal salts, salts of organic acids and/or hard

material powder.
30  Brittle powder or phases act as mechanical grinding aids and may be used, for
example, in the form of alloy, element, hard material, carbide, silicide, oxide, boride,

nitride or salt powder. By way of example pre-comminuted element and/or alloy
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exanple, in the formof alloy, elenent, hard material,
carbide, silicide, oxide, boride, nitride or salt

powder. By way of exanple pre-comm nuted el enent

and/or alloy STA 218 (Ausl andstext) 12 PCT/EP2004/007365
PCT/ EP2004/ 007365 powders are ued which, together

wth the starting powder used, which is difficult to

comm nut e, produce the desired conposition of the

Pr Qshder PAVRSEE wiiLh [ tbh&hHOMEEIHS skl fdviddP e %‘iﬂms dlfﬁcult to
t hose which conprise binary, ternary and/or 5 highe
corgeayhinkitgnprogfice the desieadenmponitionof tie praffust p@vdenat

occur in the starting alloy used, A B, Cand D

havi ng t he neani ngs gi ven above. Liquid and/or easily

defBlﬁtlﬂlBt}icﬂvc&fd nsbdngre apreiferabl Y khoS¥ ALl cumpESe biYy, abS@ry and/or
used. O her exanples include hydrocarbons, such as

5h ex*ﬂ&leer campeitpes of1he Alements AL, LyursthersD ihad ogcur T Eheestarting alloy
e yhequired for the
Sgaﬁ%ggg?é%%ﬁoﬁp?%qg%m%ghﬁgyggs|n% and/ or whi ch may
be easily removed after comminution grinding. It is
al so possiple t ific.or conpo nds whi ch
ar e~ Gmc? ro?ﬁSﬁvgd?gwﬁg%gw%% tcf Jor %rwe%rleay also be

useged CoRtepRkALPRS nmu@egg&&wr%dsngudhngg ¥&AU@! albbHE Simines or
ina liquidenvironment. In a particular enbodi nent

10gr i aqeicony miedie. dheseugredbrofieiably eompourdlstwihigetmeay bheequimt for the
th t tarting.powder tq.achi th
or PR 8 bE Sudichim tRPE 35 he e Ms¥ d5 plh emoved ater

Chaﬁhﬁﬁﬁmﬁ@mgﬂﬁdmgon These may be, for exanple,
deconposabl e cheni cal conmpounds, of which only one or

nore constituents are required for adjusting a

q S . .
esllti etg }g{g?l‘%?é ltroleu%g\sl%écgaf%cb(ﬁ'g%g% 8@%@&@& VJh?ch - are ki known from pigment

subs

15co rmbdmaulentwl’@:ye thet et el t@E1@BRISS no2 Engtxbg mcaﬂdﬁaa fflakes in a
deco sahl e conpounds, such as hydrides, oxides,
Su|ﬂgﬁgggmonggp t's and sugars are nmentioned as exanples
which are at least partially renoved fromthe

grinding stock in a subsequent processing step and/or

povhiear paritelht emodialent gnimliegs sids graofiset hehiph ontic b targeted chemical

the.r n|n residue chemcally.c ement
P e BIe oo S ANP AT HE SSrec endriRGPE MoRifys pgdor for
20al sgajmgﬁl Rl epbdifit thanighll Nbn@dsitibf. | Theddt nagded, for example,
separately but is produced in situ
decomposable chemical compounds, of which only one or more constituents are
required for adjusting a desired composition, it being possible to substantially

remove at least one component or constituent by a thermal process.

25  Reducible and/or decomposable compounds, such as hydrides, oxides, sulphides,
salts and sugars are mentioned as examples which are at least partially removed
from the grinding stock in a subsequent processing step and/or powder metallurgical
processing of the product powder, the remaining residue chemically complementing
the powder composition in the desired manner.

30
It is also possible that the grinding aid is not added separately but is produced in situ

during comminution grinding. In this case the procedure may, for example, be such
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during comm nution grinding. In this case the
procedure may, for exanple, be such STA 218
(Ausl andst ext) 13 PCT/ EP2004/ 007365 that the ﬁ rindin
aid is produced by adding a reactive gas whi chClddct084/007365
under the conditions of commndtion grinding with the
starting powder while formng a brittle phase.
Hydrogen is preferably used as the reactive gas. 5 The
br 'th£t| e Rbdagy W& Brcﬁiﬁ@echQQH&ﬁ_g adxléﬁétm %arse\ﬁﬁl@f? Macts under the
h the Teactive gas, for ~exa mat 1 on
hy onomd@@nanﬂstcanmmtldegrlndmg withuthe lstgarthg poevdwe\dnllag?mnnng a brittle
st eps fter conmmi nut i on
o iR BB s g BERR 4RRRE T ne et al
all oy or conposite powder obtained. 10 If grlndlng
aids are used which are not renoved, or are only
5parTheaPII“)‘/le mbaessevhich memproduecdnduring, treatment with dbirprastive gas, for
d | ]
Br \géfj( gEe{@ gg egp Bgdrﬁﬁts Q/BF ﬁmd?s}é?rrgg}n@sﬂall}; Bg Yerfded again by
C orupprdpuiatet meﬂfoﬁeﬁépsaafm epmintiyutidn giedingret eli‘.lhﬁk prétessing of the
desj red nH such as inproying the mechanica
pr ofsrFal allpRaiRAMRPSITE ARVELPBA: 1 ty, increasing
t he hardness and i nproving the abrasion behavi our or
15 the frictional and sliding properties. The use of a
10h arltﬂ griadieg ia@ls arsusednthicinad noeremdygd, avaye odly ety eemoved, from

reased in content in a,subsequen e
S el Ao oS PO EP 6P RGP DL e cntion. they are
pr qs‘r@@smy Welbhted RAcRth2%hE QERNARR! cdltifuehtd a’ifelaﬁ%%ro erty of the
metal or a hard material alloy conposite. 20 After ?

defrortgtitliinn desisyd maenecotwsh Astmprevigeitheimaghanival propeiey, reducmg
par hé %&35%18 11t§ hﬁcreg&’%?nhge 1?21651?% 9hd ?Igﬁ?)gﬁ{ﬁ t%e %8%1%11 behaviour or

uce ave, accor e |1 nve

15parthe icionbbarelt stidingSstopataée Mhe nesoft aDha‘icﬂi'ﬁMt@lal Wﬁeﬁﬂoned here by
(Mcrotrac(r) X.100), of at, nost 25 m_ 25 In addition
t o Vheok Srppls, grhic ISflilc‘ﬁ@assqi iTeanjenb 4t @ pehseauent siep knibgsextent that

t t t
It Retﬁg g?ltr% I?thrﬁalg'ﬁﬁ}\r’\gf g{rﬁl\%g ﬁxrofcééggd DARLAE lal‘ﬁ%' &ﬁﬁbdn@ﬁtdto f8rm a hard

coarse secon
parmetel esa ead gladeriat alﬂcasn)qmmfsuwhl ch the part| cle
dianeter is far greater than the desired nean
particle diameter of at npbst 25 m despite the use of

2001 | AfleMhe alefrmadon Atep @AW oiTBIati b @nﬁ&ﬁ@ tﬁeh Bfifhafy Barticles of the
preferably follows conmm nution grln i ng, during which

t hemelgh lalfre pre@BPQstte PRYVEREOHsen hayrd a@q@édlpg itqyéieyinvention, a mean

g;a( aér?lpr)ﬁéelg %%Aé’l‘ll( ]?5@ dde erBﬁ?eQQl)%gaﬁ@[té qpﬁ?@r{ élé/é&ji’o}]ra%%g( 100), of at

ace y appl yi'ng shea
f ormost 25 um.

25 In addition to the formation of fine primary particles, the known interactions
between superfine particles can lead to the formation of relatively coarse secondary
particles (agglomerates), of which the particle diameter is far greater than the

desired mean particle diameter of at most 25 um, despite the use of grinding aids.
30 A deagglomeration step therefore preferably follows comminution grinding, during
which the agglomerates are broken open and the primary particles liberated.

Deagglomeration may, for example, take place by applying shear forces in the form
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STA 218 (Ausl andstext) 14 PCT/ EP2004/ 007365 of

mechani cal and/or thermal stresses and/or by renoving
separation layers previously introduced in the

process between primary particles. The PCT/EP2004/007365
deaggl omeration methods to be alfblied in particul ar

are oriented toward the degree of aggloneration, the

i nt ended used and the susceptibility to oxidation of

theof eghitfiedll ARI/ROREBMaANEelR® AdBrSBY bfe‘ﬁqdv'fﬂ%”sbﬁdr%n layers
in the finished product. Deaggl omeration nmay, Tor

exarmptieysly aketrpduseé by nbehagmocea$ petwrsds, priroary  particles. The

instance Dby tre t in a.gas contrajet mll
Sor SaRPRger Lo BT AROB ot P HERE PRUGHILEY PlErFd ard the degree
knesdggglomhedtio®! e- Fltatided (3k& RAEORE OdusccPliBilits Qo Obxidation of the
stress field, as generated in 10 ultrasound treatnent,
5t heywpelfing pewdpiand the admissiblegmputitiesiolthe fivishesproduct.
conversion of a previously introduced separating
| ayer between the primary particles by cryo- or
hi gbedpgtopesration may,rfenéxmenpls, take placechiefieciahicaDmégiods, ¥Br instance
of .introduced or purgo.seg_itill(!;%{r produced phases, is .
al S BESFR! 8.2 835 G984AIGT BYikbrSSTGeBIRE; SCYNG {08 gAYt in an attritor, a
caryiegdbrodtt a i BiokREud ERERERCITIRNEsObf A0 Rsd i, I8 %enerated in
di spersing aids and/or binders. A slurry, a paste,
10k nedtrasognd crepionent] tbermal treatspen Jonexamihdasdotiorder conversion of a
content hetween | and 95 % by wei ght may .t hus be
obUPRBHED StiFreed Sriesiing BRv O Og Bhnir g opgycles by cryo- o
Vel 1g56-tdhYerfBredidaBfédtY, dPaQAERRAAcorR¥rskdHYMNIPONMESE or purposefully
t echnol ogi cal processes such as injection noulding,
f i | producsdiphgses A9 alsoapsstigle. and hot - moul di ng, and are
then reacted in suitable steps of drying, releasing
and sintering to forman end product. A gas contrajet
15m | Deaggtuntdiatich Bp@eftddy ondied olgln(ﬂf theg%‘éfb&ce 90 0he @8 more liquids,
argon or. nitrogen, is, preferably use or .
deégw%ﬁ%& A9oAnYPr Papders ub a1y 03 yRASH: SekBFadinge compound or a
POVES Ssichowil S TBHA! corfibd: BerQEenC PIRASE G/W
pro u}?:e : ac\c):v;cl){rgc} % toc?ﬁée t%e\t/eéﬁnl gn%gr ?eg di St n{g%llt shed thus be
f r cohtaioed Sotidocaiterpobateren 30 bind 9TEnby waightmmanp bpdirtéth processed

diameters and, identjcal, K chem cal conpasition j ch ,
ar Yok BhL Behdor TR AL ORGSE i GacIBHHonou g e casting

200f Mfiﬁ%,%ﬁ%%t-ﬁfo@ﬁﬁ‘ﬁ ,laB§ are3fenRBcttMVERifaBR kPR 0EURSIfy, releasing
also relates to netal, alloy or conposite powders wWth
a and sintering to form an end product.

A gas contrajet mill, which is operated under inert gases, such as argon or nitrogen,

is preferably used for deagglomeration of particularly oxygen-sensitive powders.

25
The metal, alloy or composite powders produced according to the invention are
distinguished from conventional powders with identical mean particle diameters and
identical chemical composition which are produced, for example, by atomisation, by
a range of particular properties.

30

The invention therefore also relates to metal, alloy or composite powders with a

mean particle diameter D50 of at most 25 pm, determined using the particle
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mean particle dianmeter D50 of at nobst 25 m determ ned
using the particle STA 218 (Ausl andstext) 15

PCT/ EP2004/ 007365 neasuri ng apparatus M crotrac %,ﬁp

100 to ASTM C 1070-01, which are obtainabl e B I{ie2004/007365
met hod according to the inventibn. The netal, alloy

and conposite powders according to the invention

exhibit, for 5 exanple, excellent sintering

behﬁé’dsQHﬁg aﬂarétﬁé’vl\/ﬁbﬂatr%@")g 15@ EHJQSSMJ Ceﬁ)ﬁ)lm %r@l are obtainable
sintering densities may be attained as 1n powd

pr dgube chehyodeecoordgt to dlne inerdgioni ng  from povvder

conpacts of a defined conpressed density, higher

sintering densities nay be achieved at the same

si TRy inRehl! SIMRehRE Wo@postRi Sowdies aacrdin |t6ttﬁé '1ﬂ€13nt10n exhibit, for
activit is also _exhibited, for example, in the fact

5t hexamphs i dxcellwat minterngbelisiquac it dawi sntedng iemperetires the same

the n Filn i [ [

1§tgrntl§ ﬁgnsupeﬁ nqact{'obnev%tn rllegngllp y wdgxg LPD dlcgi B gfogmsalthog Starting
i nv@mhlmmdtehetsmf»avmoﬁh dlefin®l eddisredsed ehdly, hidhePYin®ting densities
conposite powders with a mean particle dianmeter 0
of By hpashiowsdpt theetamersinterdng Smpgratwe. baip incesased sintering activity

megs Lé'Hon&lgﬁYe'dC ?OIM: E@t}é qg(tﬁ% £t ]tgag h&llpﬁg'\ﬂl&lﬂng'l ccg)rtltractlon is

wherein, until I'mum contraction is attained
10t heittaomlr aibti @m;ltrzd:@bar dunegl thei mtering | @boaset & greater than in
DI N 510%5 1.has .at Jeasf 1.05 tines the contracti on of

a nelaf” IOQFIII%V%’PCC& e powder with identical

chem cal conposition and identical nean particle
di aneter D50, the powder to be investigated being
conﬁr@egye@thmtmrqf@lml@smesﬂ@mew dioy50r c@Opositefpomviers with a

theoretlc densi éo the tract n

nmeasur ega il %baglv\é%r B? %feaﬁ Wg i g%‘ine Fﬁﬁ?} isd using the particle
15conpeaatag deyicadelittgus@®\VentdooRaIASTM C 1070-01, wherein, until the

conpressi on-assi sting agents, such as paraffln wax or

ot HERXijaBEonsrackey) ts tamségtaﬁ icentraghippcdeterarined,ising adilatometer to
4 r‘lﬁﬂ@%?@iﬂai %as g@lg%/ﬁt 1905 tiRk! B %trﬁﬁg}ﬁbé‘f'at ﬁle&?vﬂﬁgsor composite

whi ¢ are produce atom sation an
wi towider ohtht l’c&npcal\dldaemlcmb campositiprt end h:k:ntlml enéanoparhd\i eliameter

[ e sintering behaviour, are to be taken to an _
t 80 e pSy T b s R e e e i & T Brsased Genbity of 50
20at oficTakd BBoréAOMIehDtytHR R B BeS@Rrddtion!i§ thebdtirddre art. 30

The powder to be investigated may be compressed by adding conventional
compression-assisting agents, such as paraffin wax or other waxes or salt or organic

acids, for example zinc stearate.

25
Metal, alloy or composite powders which are produced by atomisation and by
comparison with which the powders according to the invention have improved
sintering behaviour, are to be taken to mean those powders which are produced by
conventional atomisation known to the person skilled in the art.

30
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STA 218 (Ausl andstext) 16 PCT/ EP2004/ 007365 The

advant ageous sintering behaviour of the netal, alloy

or conposite powders according to the invention nﬁy

al so be recognised in the course of sinteringP&AdEPZ004/007365
contraction curves, as shown, flr exanple, in Fig. 7.

5 Fig. 7 shows, for a conparison powder (V) and a

powder (PzZD) according to the invention, the course

of lh:ea&:\%mar aGls! ﬁHteﬁngrbehgkﬁoﬁ‘o&t ﬁﬁcﬁl'e&ﬂ. £lﬁ)tye IA? thosite powders
each case I relative units as a function’of the

t enpeoding ® TN isvanidardasedothe febegnivdpache wourse of sintering and
sintering tenperature Ts. 10 The compari son powder (V)
is‘?“ﬂ?ﬁgﬁ€¥“ﬁ?o QNPT SXUMRIEAR TS Tunder i nert

conditions and with a conposition corresponding to

that of the material described in Exanple 1 and the
SmorlgEol shgweffot hicompevistey powWdes (Narand @l povedez ¢PZD) according to the

UL, B0 PR BRPLRT e i B SRERE 5 08 case
t 0 rehgive @B tas N filrfetidn RAVEE terRp@Suee T atsarlisE foOthe respective
Exanple 1 with the 15 norphology illustrated in Fig.
6 ayfcupe WpgEuEdnt ent of 0.4 % by weight. After
mxing with 3 % by weight mcrowax as the
conpression-facilitating additive powder conpacts

10wer Ehep codpadsdnf pomddr @)t isoa povdler roducad dgnmpoassition under inert

nmoul d by applying a single-axle pressyre of 400 ¢ o
socFapBatony Rat yitbdrkoduwaiiey carespontipg i thabokihe gaaterial described in

appEnpléQ uche ?rﬂﬁpﬁd’]@@r &t ihg@bovRR STy parﬁ@l@ss%e distribution (D50
conpacts were accordingl’y sintered individually Iin a

di | apponemetelyt 84N &dreesporidsundiat asrsbowontin Weg. gadhe powder (PZD)

o T R 3 R bRBPPCHERAAGR: GEEE 1t e
152pPn6phoRgy illfralelsh Figd 6 anb 8h 8xyEen RRRAOXE (%.4 é’/ﬁ@@w@ght.
e

took place in the process. The push rod o
di | atonmeter does not exert any pressure on the 25

S?"”Rh@r. Ml%@ﬂ%p%' bgf’]wglﬁgfrﬁgc%\?% n%s e %Qttnlg%e%smr?-ga(‘tllﬁtg%mg additive

sintering racti eratur rang

I s @fwdeftempadts here Sottiedifign (aptvoopowdrSinls cdripression mould by
approx.. 0.95 Ts). The organic pressing aid is expelled .
t 0 PPOERpASHE-_XlePressye X idPRttRI000onbE Thegreen deyisity was in both

208ct Gals ShRbErdng; BF AE SR otMKASd sﬁﬁerﬁé@@rc%ﬂfgtagtg Oﬁé&e accordingly

further heating at the same 30 heating rat
appiored0inglividualty appr odilatn®® Ts. DEBTASWH#8-1 under protective gas
( Aucsolngﬂ%%ts gr)% Lsi%g argon as the process gas. Heating at a rate of approx. 1 K/min
(corresponding to approx. 6 * 10 *Tg/min, where Ts: approx. 1,600 K) took place
in the process. The push rod of the dilatometer does not exert any pressure on the
25 sample which supplies a measurable quantity for sintering contraction in the

temperature range that is of interest for sintering (approx. 0.5 Ts to approx. 0.95 Tg).
The organic pressing aid is expelled to a temperature of approximately 0.45 * Ts.

The actual sintering process takes place thereafter by further heating at the same

30  heating rate from approx. 0.5 Tg to approx. 0.99 Ts.
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PCT/ EP2004/ 007365 The advant ages of the PZD powder
lead to the foll owm ng observations and to general
rules which are illustrated with the aid of Fi&. 7.
For this purpose, the required terns, which BFil&W2904/007365
general description of the sintering processes, shal
firstly be introduced: 5 VT90 and PZDT90:
tenperatures (in standardi sed units according to TN =
T/ Tee vantdbisCt tﬁ@ﬁZ]@)%w@lbﬂ"e% {ontge ?&Im\ﬁﬁ @sgrvaatigﬁéﬁdd"tg general
rate of approx 6 * s, have ned a
conuteacwvhioh apé llQIStl%edbugledhmaldt btfeFEgar?e Fk)r rilails purpose the required
contracti.o = 10 ined,. 10 10 and PZDT10
RS P ok 2cdenfiah P Eation Bf 6 uBBhePREE RS el firsty be
T/ TigroddcedWhi ch the two sintering bodies, at a heating
rate of approx 6 * 10-4 * Ts, have attai ned a
contraction of 10 % based on the sane final
con¢ agtjanr(= 100,
lidur es(in s%gﬁgg égs @dStﬁrﬁﬂ} r‘?‘ é;dclé%?aa Ccord{n§ t?IQI-N = T/Ty) at

T/ T\Sl)lcﬂtthé.5wmffmrﬁénﬁg1eodlw zslmhﬁnlnggmteooiﬂ g&sproRts a 10 * Ts have
heati ng rate of appr.ox * 10"4 * Ts, have attain
corft gaggfilad}qngpctxpn%f 9% e/gﬁl@sqﬂqop{ the samedngli gegfraction (= 100) attamed
contraction (= 100) attained. Contraction starts at
these tenperatures. vTn,ax and PZDTnmax: tenperatures

10(i n' &b amd4PBiosed utempsrafines=(i sfisdardisedmmitstactdrdinglo Ty = T/Ts) at

cont PR RO ST bREn B¢ BAENG taiscal R 0+ 107 1 Ty, have
t enpRnRH W @ntthbtioXAP1 M, babeAothE Nime final contractlon ( 100) attained.

t enper at ur e- dependent contraction rate d(S(TN))/
25 determined fromthe contraction curves to be

T and PZ
rmX| rhﬁlrl}]gv al eNZJf cSthF zl:g)fl%? N?\n F%Pgaa(ls%fgwggrﬁcﬁ%@lnlgrtf} rﬁ” = T/Ts) at
15t hewhigRnhé a@blsqxnemg" %sasneﬁedtlavﬁ@htﬁgct@fedbm@pﬁr@x 6 * 10* * T, have
tenperature VS(T and PZDS(T 0 The follown
gerfdiagicd g etractiqsy Q)fpbr/talbééiedo‘?n h sapme finat goxa@eb@la?mw)oattamed-

th onpared to conventionally
pr gc(j%rg}égﬁgﬂtl gtrgnrtsée(}ﬁ%sgv\dgkgs}:gﬁge%A 218 (Ausl andstext) 18 5

10

YTmaxand "“PTha:  temperatures (in standardised units Ty = T/Ts) at which the

W

20  maximum contraction rate is reached.
VS(TN), P ZDS(TN): contraction as a function of the standardised temperature Ty.

VAS(Ty), pZDAS(TN): temperature-dependent  contraction rate  d(S(Tn))/dTy,

25  determined from the contraction curves to be compared ¥S(Tx) and "PS(Ty).

\Y; . . .
Siax and T2PS maximum value of contraction rates, determined from the

contraction curves derived according to temperature VS(TN) and l)ZDS(TN).

30  The following general product properties of the powders according to the invention

are obtained compared to conventionally produced atomised powders:
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(PzD T.,., - PZD TIOPZD )/ Tmax PZDT max PZDmI| o

PzZzDT | PZDS max (PzZD Trmax - PZD TIO0) (PzZD Tnax - PZD

Ti) (PzZzDT90 - PZDT | o) (PzDT90 - PZDTI) > (vInm VT

to)/ VT,,,.x <vimax <v Tlo < VI | <v Sna)?CTﬁEP2004/OO7365
(vTmax - VTlo) > (vTmax - vTl1)I18 > (VT90- VTlo) (vT9o-

VTIl) PCT/ EP2004/ 007365 The foll owi ng concl usions wth
respect to the different behavi our of powder (PZD

pow@@ﬁ) pr @@q Z%pcording HgTRﬂeWﬁwﬁmePn and(D

coqparlson powder s "pr oduced

10

15

20

25

DT o < (In
PZDT < VTIO (I1I)
PZbT, < YT, (IV)
PZDSnn\' < vsmax (V)
PPT i — "2PT10) > (YToax- "To) (V)
("PTiax = "°T)) > (MToax- 'T1) (VID)
("*PTeo = P2PT o) > (VToo- VT10) (VIII)
("?PTyy — P2PT)) > ("Top-"T) (IX)

The following conclusions with respect to the different behaviour of powder (PZD
powder) produced according to the invention and comparison powders produced by

conventional atomisation may be drawn from these inequalities:

- The sintering range for PZD powder is wider.

- The temperature at which contraction begins, at which, based on identical
final contraction, 10 % of this final contraction is attained and at which
contraction attains its maximum, is lower in PZD powders.

- The peaks of the contraction rates obtained from the standardised illustration

of Fig. 7 mean that PZD powders have a lower contraction rate at "“PT

max
than the comparison powder at VTmax.

- The initial temperature range up to the contraction peak is wider for PZD
powders.

- The temperature range from the start of contraction up to the maximum
contraction is greater for PZD powders.

- The temperature range between the temperature at which contraction of 10 %
was attained up to the temperature at which contraction of 90 % was attained
is greater for PZD powders.

- The temperature range from the start of contraction up to the temperature at

which 90 % of the final contraction is attained is greater for PZD powders.
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conventional atomi sation may be drawn fromthese
inequalities: 15 - The sintering range for PZD powder

is wider. - The tenperature at which contractiaon

begi ns, at which, based on |dent| cal final PC'T/EP2004/007365
contraction, 10 %of this finall%ontraction is

attai ned and at which contraction attains its

maxi mum is lower in PZD powders. - The peaks of the
Confl{e@ysia%i‘nern%t Fé‘l"at@% %h@ﬁgp}fﬁ@ﬁhxttf‘ﬁ s‘f’att@snéjlafhgé)% In the event
illustration mean th PZD po

a | thavethereme rfladter @haseatnet at OPTI)BTfnmuahtnar(Il toe(IX) have to always be

riso owder . a The initial tenperatu

e togeeR T arRbishla S bRt S seis MRS PepFroeally on PZD

POVEIRNder compagts tRNP e&sattUsepdriids: §1h%§rh%tl$£tﬁfnts &F liquid phases,
contraction up to the nmaxi rum 25 contraction is
Sgr edlich 1pigs RESitpiswE efugtherTpdvantagp ewih uespecta iy @ressssieg wapacity.
th r |
ot R B AL ot B B ERMAAT). PRV E LV 2 b (R Figggprected in
90 theswase atwell.ned 1is greater for PZD powders. The
tenperature range fromthe start of contraction up to
the tenperature at 30 which 90 % of the final

CONSECHAT, LA TSy LS, R R S o
10st atistimgpished, alvahg td @ paitinglhepgptias enaplologinyith tradghspanficle surface,
2B, b o Bind e RRgERLTH PRI o Op thdpriigatively
2'0\;]?}:5%1: F?ggl@;%gztetecgﬂﬁg?ﬁgnc (k:)z ?11%1@%631&5452&}] d¥1%"i[§¥' glcl)l\%?namfests itself in
conpalccemparts maés wt atomlqgérpqw:dﬂr dravgiantaydrngending strength, under
aCtdtH %é%”?d Blicdl a]grgdﬁjct ago%%itlo%g Wﬂla%hﬁ,hrgit S}faﬁgnrshtaldet: e powders

a fur her  advan respec

1scaa&emt:1yn td‘bNbBVlﬁrentl(t)m%n& &lvﬂtldltllé/ s@he tdhemﬁdaﬁq:kéﬂipbhh@ﬁ and mean
(rri VIII%%and (I'X) is unaffected in this
casl@r%@e v%zlel D>¢ha fhsthsy lmaqowayexanl@ the roBYIessiopohfipayigur may be
acc [ [ 0, dipstd, N

i ASBE IF Dol AR Blinfiidne 1 <8 o,y THER gmgial alloy or

pardanqjoelts poivdes, acmrdmgvterthbyn\@ntlsm andl |99 go CSO%beES\&:hghﬁ atomised
behavi pur and, owng to a conparatively broad
parRIWIE A Wed gi st ri bution, by high compressed

sodensity. This manifests itself in

The sintering behaviour of powders produced according to the invention may also be
purposefully influenced by the choice of grinding aid. Thus one or more alloys
which, owing to their low melting point compared to the starting alloy form liquid
phases during heating which improve the particle rearrangement and the material
25  diffusion and thus the sintering behaviour and the contraction behaviour and thus
allow higher sintering densities to be attained at the same sintering temperature or at
lower sintering temperatures the same sintering density as may be achieved with the
comparison powders, may be used as the grinding aid. Chemically decomposable
compounds, of which the decomposition products with the basic material produce
30 liquid phases or phases with increased diffusion coefficients which facilitate

compression, may also be used.
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that conpacts nmade of atom sed powder have a | ower

bendi ng strength, under otherw se identical

production conditions, than the conpacts made_o

powders 15 according to the invention and wi tﬁcﬂfé)2004/007365
same chemnical conposition and m¥an particle size D50.

A further inprovenent in the conpression behavi our may

be achieved if powder m xtures conprising | to 95 %

by 3&h@htal iRt aF the%le@v ghby of @(smgc%ate %o%&\@,%éo@ﬁg%%@mvemion
to the invention and to ht at om sed

povtiew argropagsation 2¢f ﬂa@ysrqﬂems ngmp@hngmh:rXaay peflehes sthat are

ced, accor o.the inventio al.so be .
P SR oo Gt e e P o ng sayng chemical
Thusnipesitioh Vel watd @Mﬁme%% GmiOWORI The I;)Mﬁﬁgétldnq\é\’demonstrated
mel ting point conpared to the startin orm

1 ol b e i e Mgalxbmtfl@ﬂiaif%vbhd&ﬁ@ftth%x “tay reflexes are

rb}%%%tedﬁtgr 5 thOSaqﬂls 1@ %aﬁ%ﬁq{a) l?ﬁ rge%hgrkl%l%‘cl’lje%gd stated of

sintering behavi our an e contract
behh&/ ipatticlean thet duisiencal dfanhighghéislosativneddnsigy, den slisturdances to the

to b.att ined at the s sintering tenperatuyre or at
I owerd ﬁﬁ%@fqﬁ@lctréﬁ&e@ganﬁms@ﬂga% 0y Reapartiges: In the case of
a t ar :
\';\Lg)'rﬁﬁbsﬁ‘é Nl &1%£ ﬂd)‘eﬁ by C#E%‘sgmglﬁé;?a }?a@éb TC)l/lI‘ in the

ers, may be used e grin em ca

10deabfﬁwg@n¢ms it @dghiomds th@ﬁ)romgatlmnts he tHe COnposiflekemn of the main

15

proqu CtS\NI t he bas roduce 30 liquid
DS YRR F P TSGR G0 <ORFRISH GFOREEEPT | o ent s
whi ch faC| litate conpression, nay al so be used. STA
218 (Ausl andstext) 20 PCT/ EP2004/ 007365 X- ray anal yses

f Thee methag acegrding t@rthéoww@momealbmed@r@ua@@moaurngtak oalloy and
the I NV h. a f fl exe
corrp g{r})egﬂ%/\ﬂp?ﬂd%§ 1%V\(vﬁic gge% %Hpo{éexg rcear {oﬁle%ud s(ﬁcon contents
povdie r;ﬁlrws&fmllwmijwm (Dlsaam ap@ot indtride qdhamtraﬁy dbieh tiflehe case of
same chenical  conposition which were obtained by
at JHrediGtign of IR OpddEages s & resalusthe gy aspltgatl@rh of energy.
pr

e G PP gl Zaly, e Bt Shepig AP Rigng s Thit g tead 10
Th|3$1engthemugedf byatblhw nBobhasffecal issknews et sheat‘pdrtefe dispersion

dorRrbheRng cfedr (S AUET BOvREr 48 FEroRH i Reoneoth Ehases is

20r angfion adRdcibfeg @nus; Abletib@itish z6 ih@ st’a@espiagtpr@b&ﬁes lfor example

25

the case of conposite powders,
pr ckoaggessilify e dingshiag eastivé pwlngtthéhe generally inert properties of the

dispersoids with respect to the alloy components, the latter may therefore have a

sintering-inhibiting effect.

As a result of the comminution grinding to be carried out according to the invention,
said phases are immediately superfinely distributed in the produced powder. The
phases formed (for example oxides, nitrides, carbides, borides) are therefore much
more finely and homogeneously distributed in the metal, alloy and composite

powders according to the invention than in conventionally produced powders. This

30 again leads to increased sintering activity compared with discretely introduced

phases of the same kind.
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10 diffractograns in addition to the propagations of

the X-ray reflexes of the main phase, which phases

are significant for the contraction properties.

nmet hod according to the invention allows prodﬁ@@ﬂgﬁx@ﬁKM73¢>
metal, alloy and conposite powders, in which oxygen,
nitrogen, carbon, boron and silicon contents 15 are

pur poseful Iy adjusted. Oxide and/or nitride phases nay

for t i

L t"l;ﬂoe'gfgrrc])t:%glng%:rg%éaﬁ%s %f]‘?ﬁlt(quéigll Sﬁ@}é g{x) | Ca??égtﬁoﬂowders according to
enehgymverwlmsefsr @kamh]est}teypemmysme apdssin@bhg Babiaviour, and the

speci fi.c plicat.i ons as may.lead to

ot s RsoGR ey, il P E™biee ok medidine NIM. phgy-based
" Pahéth6dLorthpPEIsEhE Maysb it ingRb N eveh F@fier bFlaRding metal, alloy

effect). However, the introduction of such phases Is

520 wfcraposissRTdsreepnxertionallyradiupest it pasticular hyhaomisation.

processing properties (for exanple conpressibility,

sintering activity). Oming to the generally inert

pr opier invasionfthérbfore diss peateotodixmire cosinggt! fod 5t Yieby weight of a

al l oy conponents, the latter ther ef ore have a
s. rRER} Oy i 9nnoske SpPeet amga gA@ "% By uveighs of ﬁéonventlonally

&Rkﬂ?&nQrMﬁg' % H@Og% rdel ed out according to

nvent| on ase re i mredi ately
IOSuperfl nely distribut ed in the produced powder. The
es f or med r ex | e axi de itrides, carbjdes, .
fa:exg Xtures, aeo%)é(f 188 &} gpﬁﬁyzqntlowf er]a&p{éqoytaghg) to 7(? ‘% by weight of
h0rﬁ)ﬂﬁﬂi‘?OMﬁJyyorddo%ﬂds@élb@@dérrhct:&%ldﬁefoatlhe iRenfY¥n @RE 90 1o 30 % by

conposite powders according to the invention than in
c orveight dfredonyersionallic prodpesddaetsl, aﬂw & @pagis powdsads
to increased sintering activity conpared with

di scretely introduced phases of the sane kind. STA

152 18THAG v RtsHatly t pro@iceRGRéEDP 2004 ) OBt sité poRHOC &&BdIfg to the
properties of the netal, allo% and conposite powders
8

accBYetieg is Brefaraly ampwides whichiay bespappdused ki atomisation.
conpression and sintering behaviour, and the capacity

for processing by metal powder injection noulding

(M Mg caivantionabip peatiuced ieadisalioy dr&pmpoa&i povgder mfmy have the same

often be inproved even furthe addl net al

5! GheERAbSUPES BT PO SHARINSS B et ikt of this
20Parfyp& UArdr dRMn@ligiEd's &ohP purd NEZID NYENErS Nint gﬁftfcfuﬁﬁ‘eby a further

also relates to m xtures containing 1 to 95 %b

wei ighroysiment imeamzpressiin hﬂ&a‘dﬁurcon'pom te powder and 99
to 5 % by weight of a conventionally produced netal,
all oy or conposite powder.
However, it is also possible that PZD powder and conventionally produced powder

have a different chemical composition in the mixture. In this case the composition
25 may be purposefully changed and as a result specific powder properties and

consequently the material properties may be purposefully adjusted.
The following examples serve to describe the invention in more detail, wherein the

examples are intended to facilitate understanding of the principle according to the

30 invention and are not to be understood as a limitation thereof.
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10 The m xtures according to the invention preferably
contain 10 to 70 % by weight of a netal, alloy or
conposite powder according to the invention a t

30 % by weight of a conventionally produced ?3&?0%M001“5
all oy or conposite powder. 15 e conventional ly

produced netal, alloy or conposite powder according to

the invention is preferably a powder which has been

pr oghiRplepy atomisation. The conventionally produced

netal, alloy or conposite powder may have the sane

chem cal conposition as the PZD powder contained in

ai <1 e Rt e Dabidi o bt RRh precs fgprpfped wine o

f urihestrad®YEI OVEreRn Hoh8ywell). 835 t® A SPRNaVIogon .
However, it is also possible that PZD powder and
5conventionally produced powder have a different
chqﬂém%kqonpositionir1the m xture. In this case the
conposition 25 may be purposefully changed and as a
result specific powder properties and consequently

t he teri. operties may he purposefully adjusted. .
The f DITERIF Rg V&4 1S SBEY catpBi iR s (el PagBr#ichvith the
I N dopsiiRhaNi20CHBIRIITiE BRI wasanel 08 @b &tdrihe pa&det. OThe alloy
facilitate understanding of the principle according to

10t hepovaigr iohiainetliveas sareaned eetween $baiyb2d pove Tbe dousityswas approx. 8.2

lim¢taiign thereof. .STA 21 andst.ext) 22 Exanpl e

peh oo SHTAEE0 e b s LT SR & aaeBespad Ty Ylearty be

gi veln lim Fidel @éaﬁmh%%ldéﬁbﬁ nélefosédPeniafigt SSBNI ana ek/lmagniﬁed 300

Mcrotrac(r) X 100 from Honeywel I, U.é.A. to A C

10700¢f). 5 Exanple 1 A Ninonic(r) 90 type alloy nelt

atom sed by neans of argon and with the conposition

Ni 20Cr| 6Co2. 5Ti | . 5AI was used as the starting powder.
15Thellad dtaying Qowdevdeas smbjeaied ed defasmattmegrindihgoiatanveseticab 3gitated ball

and m The .density . approx. 8. /G The . .

ot it (g Tershcsumaaectikt BRe PIom)sie Siginalis smeriea,partcies
as Jymé&d ARl kddBrmS B8R fbilowfing patanchG 8RN Ge &l HiANar:

m croscope i mage (SEM i mage) nmagnified 300 tines).

¢ Qrinding container volume: 51
20 e Speed of rotation: 400 rpm

e Circumferential speed: 2.5 m/s

e Ball filling: 80 vol.% (bulk volume of the balls)

¢ Grinding container material: 100Cr6 (DIN 1.3505: approx. 1.5 % by

weight Cr, approx. 1 % by weight C, approx. 0.3 % by weight Si, approx. 0.4

25 % by weight Mn, < 0.3 % by weight Ni,< 0.3 % by weight Cu, remainder Fe)

e Ball material: hard metal (WC-10Co)

o Ball diameter: approx. 6 mm (total mass: 25 kg)

e Originally weighed in quantity of powder: 500 g
e Duration of treatment: 2h

30 e Solvent: ethanol (approx. 2 1).
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15 The starting powder was subjected to deformation

grinding in a vertical agitated ball mll (Netzsch

Fei nmahl technik; PRI S type), so the original

spherical particles assumed flake-like for nsPC¥FFé’2OO4/OO7365

foll owi ng paraneters were used 3 particular: Ginding

container volune:5 1 20 Speed of rotation: 400 rpm

Circunferential speed:2.5 ms Ball filling:80 vol.

(butik, ‘QOlisUHESEva tﬁ'ﬁ @%a%%ﬂﬁ@ '30@'ﬁlge§%@ttﬁbnﬁ£kes roduced in the

mat eri al : 100Cr 6 ﬁl prox. 1.5 % by we Ii)

Cr deécp‘pwmn strp%ﬂhﬁ/hl@)e degree of mappabdcfomza&o% wlynclmvag haused by the
% by

Ni sge%ﬁéog)jmbc{))n%{eame corpaz?{ggl n‘?ﬂfé}F th%)s aégpg powcfelg may be seen.

mat Birhaéde tbaidstiRtaé of ME X (BadK fotth0H) SlayHY Qarlybbe seen.
rrm (total rrass 25 kg) Oiginally weighed in quantlty

Sof powder : 500 Duration of treatnent:2h 30

3 SRR i T ARB LA

300vibiaties geihdingenill (aﬂ(ﬁﬁedhhﬂcdﬁﬁﬁ(ﬂ{ IHSM h;e4) dﬁthMIIMng process
step.. The high degree of material deformation, which
vvasenéé{’tﬁg’é’ég B%fa‘inﬁ@rs WHEEERi ¢ grinding treatment,
conpared with the starting powder may be seen. Damage
to the structure of the material (crack formation) may

10al so el e@rihdinpeosei@ar vdui@enmi nut i Dhoperarediasg sudliteh@immeter 20
carried out is referred to as an eccentric

vi brat i o‘ﬁ"df"i‘gﬁg?ﬁ@‘% 1emlsi ebt echni k GrbH, ESM 324)
Wi th Wheadiphiliai ng process engi NGerding (Rak SBHRIGE iPSlls)
used: 10 Ginding container volune: 5 operated as a
sat el ki t@rigdingomiteine2@atedal, | engt FOOa@Er(DIN 113H05mpprox. 1.5 % by
Ball fillin 80 vol . % (bul k. ume of the balls) .

i G ABTORak %wbyawelgiib% BPEOY B3 lx%lbymsgt Si, approx. 0.4

G i ndi ngVe'8
|5appr ox. k. l%l Wikt MR IONE oy RARKON:, <10 %‘%%yv\?élglli‘ttﬁg remainder
appr ox. % by weight Si, "approx. O.
Fe)
e Ball material: 100 Cr6
e Ball diameter: 10 mm

e Originally weighed in quantity of powder: 150 g

20 e Grinding aid 2 g paraffin
e Oscillation amplitude: 12 mm
¢ Grinding atmosphere: argon (99.998 %).

After a grinding duration of 2 hours superfine particle agglomerates were obtained.
25

Fig. 3 is a SEM image magnified 1,000 times of the product obtained. The
cauliflower-like structure of the agglomerate (secondary particle) may be seen, the

primary particles having particle diameters of much less than 25 um.

30 A sample of the primary particles or superfine particle agglomerates was subjected

in a third method step to deagglomeration by ultrasound treatment in isopropanol in
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15 % by weight M, < 0.3 %by weight Ni, < 0.3 % by

wei ght Cu, remainder Fe) Ball nmaterial: 100 Cr6

Bal | diameter: 10 mm Oiginally weighed in quant Zy

of powder: 150 g 20 Ginding aid 2 g par affPﬁT/EP 004/007365
Gscillation anplitude: 12 mm G4 ndi ng at nospher e:

argon (99.998 %9 . After a grinding duration of 2 hours
superfi ne particle aggl onerates were obtained. 25 Fig.

@ltgg%r hnaiq":r’ceanf()be&o?l O%tr%écﬂﬁ npaf EItﬂ%% ?nﬁﬂjl‘)mlastmg 10

obt al ne caul i Tl owe ruc

agghomwiasat 80 {/smarintam poweartbiobtad) sapagatdnlqarmy Jpattictes.
primary particles having particle dianmeters of nuch
|l ess than 25 m 30 A sanple of the primary particles

Or "BiEDSA{it18 8B AiduhibilitRnadhO BRI Bl AR RS ssﬁﬂﬁ% %Qﬂterﬁﬁhe@ using a

third nethod step to deaggl omer ation b t rasound

5t r deiaremac® X l@b@mm&w@lren hlogFywellg). (sxm taAddiext J070401. F1g 4

PCT/ EP2004/ 0Q7 65
CTHEERTRY IS R SRS TR P e s

% nEoden maﬁﬂﬂ)@{m hed GJQE ?ddﬂc&ﬁﬂ@aip@kﬁ(dl Pl the Pdhient 8ording to
The particle size distribution of the deaggl onerated

sanfpf MgA4OHet ernined using a 5 Mcrotrac(r) X 100
(manuf acturer: Honeywell, U S A) to ASTM C 1070-01.
Fig. 4 shows the particle size distribution thus
100bt Hienechaiiling Gidhtivialofieprivharyyhparditlas tftoig copawi@tiongsindthg were
mang was redu ed to gﬁc{ox 15 mbééhe t r eat ment
ac cOPHCleg a0 & AeEnating dhtd Bisthogsiep, eéﬁalpmef?gloa&gnwwent in a

of [ a S

U T A°EIN SR MER AP RS N BB, 18 Sl i
deag]gam devion Tiey 4100 e(&bmenUltraaclallalgiagenbathrath atrid0l % of the
and subsequent J&lé nd treat ne [

an MRAFPMILROWE élZEOR@S (a%lﬁldtgtelrrgmeﬁ %gmg aq\r)hcrotlrac® X 100.

15Ul tFigss v sank @%Bfé&h&e@ﬁthﬁbut&ﬂn SHaifledd Tht MBS0 vkl WAk ¥hen only 8.4
power. The particle size was again determ ned using a

M c#Bt Flis provex theopoessibgityiod furthes ipgigasinghe Sing ifigcdons inse powder
di S5 bARYH 00 0RET BRInvehiEn B Righddddfey Rie-BSheRN! Y 8- 4

Fig. 6 shows a SEM image (x 600 magnification) of the powder after treatment in
20 the gas contrajet mill. By using suitable screening methods it is accordingly possible
to obtain alloy powders with even narrower particle size distribution. D50 values of

less than approx. 8 pm may thus be industrially and economically achieved.

The introduced grinding aid paraffin may be removed during powder metallurgical
25  further processing of the alloy powder by thermal decomposition and/or evaporation

and may be used as a compression aid.
Example 2: Production of Fe24Cr10A11Y superfine powders using mechanical

grinding aids without changing the composition of the starting

30 powder
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m This proves the possibility of further increasing

the fine fraction in the powder produced according to

the invention by high-energy post-treatnent 6

shows a SEM i mage (x 600 magnification) of thBCSG%@@p*@O7365
after treatment in 20 the gas %ontrajet mill. By

using suitable screening nethods it is accordingly

possible to obtain alloy powlers with even narrower

parggocy ; £ néélssurtubg;bw&r o@%%wtmmfy allo oF it Q‘ﬂféan particle
appr ox. e industrially and economcally

ac hdlevetdr Dffief thdmemiocgsseddp rfgrna fldkgsainzf défornmegipnizeage under

r enpv duri 0 taI | ur. further
o Gpdtiof ok g Y Hosd Besfibrd 55 Amie T
deconposi tion and/or evaporation and nay be used as a

ession aid. 30 Exanple 2: Production of
SFe%m@mpv gmémgf\mﬁethg@mr@ﬁé oytiman erserisinivikiption grinding mill,

grindj l14s t

9"y ngabaego B R %\8& @?oaf;%?qlﬁﬁ’ﬁ%ﬁ% th@%e et RE60Al and
PCTH HBIOfAd dees/ 3 5h aSﬁKﬁng)aﬂfcl@dlamh&f o€ approx.adot | andd Givel @ é powder
of a Fe24CrIOA11Y alloy with a mean particle dianete

D50V 2 BtFamPRRIS ‘—'ﬁ’r@é‘%@%@éo 0519 bFYive akled a5 the grinding aid.

def ormati on stage under conditions anal ogous to those
described in Exanple 1. 5 Conm nution grindi ng was

10t helb garindiag aditwas rusedh fagcmembinitgory ghinding ofhayaddigomgf approx. 10

mll descr. bed le.1. A r.e of
Cortilmif 26 oPFEPE R FSERE BRBALo G * BIGY 96lRIL Y this step
W tg}naldm@antn@%tolf‘ghﬁdlﬂg@mtrﬁay 860 BORET: asAaOfuﬂbmﬂotfﬂha %roposed
Fe powderr with a nean particle diameter D50 of

wasaied dbel cormpedidoryef theigngdiagaid u@dis semgearisadi ing abledl A mixture

Apre s B BRI @8 B e AT TRb STt gna 1 % by

15ai dwéight Yt WiaisCabtaimedt @Rt dHemidali ®nfiogition SMethd @fartmg powder is
quantltles of rinding aids may. al so be useful as

f urRSEP9iNEdY teprddiyothie ghoigs ﬁf EivRR aldohprsdsnts: oﬁnswnclftcrféstrlbutwn
gri gydhp Qoﬁbgrééh@sfgsehs(sﬁi‘{ﬁ%ﬁ@ﬁ 5 4é &db@b%\lg)l gsrﬁr&&m 1{31%5%0mp051te

cont al ni ng wel g
by puidghtottdinahas|a Yedujt 06 prexlughion Viceadingbtaaitiree dnveitien, so the

h | t f the start ' .
o O goRae: ekt = esRienb M EpEE Augps, irther pegpessing, for

20cond@hipke by sifiRARE bl SndAh@thdrRl probessOf the conponents
used (starting powder, grinding aid) is present in the

conposite

Table 1 Composition of a mechanical grinding aid

Component | Quantity [g] | Fe [g] Cr [g] Al [g] Y [g]
Fel6Y 0.93 0.78 0 0 0.15
Fe60Al 2.50 1.0 0 1.5 0
Fe70Cr 5.14 1.54 3.6 0 0
Fe 6.43 6.43 0 0 0
Total 15 9.75 3.6 1.5 0.15

25 A composite powder with a mean particle diameter D50 of 15 pm was obtained after

comminution grinding and deagglomeration in an ultrasonic field. It was possible to
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5

powder obtained as a result of production according to

the invention, so the conposite powder undergoes a
metal | urgi cal change during further processin

20 exanple by sintering or another thermal g@g@{2004/007365
Table 1 Conposition of a mecharfical grinding ai d

Conponent Quantity [g]Fe [g]C [g]Al [g]Y [g] Fe
16Y0. 930. 78000. 15 Fe60Al 2. 501. 001. 50

Fe (iR at 4o p 43 OB G R G tAP seéh30@Bm a composite powder of this type by
Tot al 159. 753" 61. 50. 15 2§ A conposite powder wth

medherpat postitesadicaret er D50 of 15 m was obt ai ned after

comm nution grinding and deaggl oneration in an

ultrasonic field. It was possible to STA 218

( AUBALaiysis Be X t Brodietion REETH 2RO 1087 3GRr ! fdwider8 udink QMechamcal
in the netal lurgical sense froma conposite powder of

this type by grindéignaidspest changingnhg compasiipe @mpared with the
Production ofgF %? J;OA 11 Y superfine powders using
mechani cal grln g alds and changi ng the conposition
conpared with the starting povvder In contrast to

npl e 2, ange in the che conmposi tion was
deﬁpr@&trart thfrwga Zddr FIRGeE i ¢ éﬁ?ﬂ“ﬁ i‘fﬁ’él?%ﬂtloé‘nwa%ﬁ““ed or
at offlosRd abdi gﬁﬁmﬁ E[))%é?ﬁ‘ti(ﬁ'p K82 2dsd O fi QQZY?l o E(hnposmon
e d| 0 of 40 e

a nean partlc et e m was SUJ

10a e SCmd. 6l wtthpl mpatepartible dametet Do dléswm\fwdswbn:cted to a

15

20

25

o b Betinatrag (1R BRLa: Srwatied B BER £ RLACTHE pardicles

appgeidi #Rfean fﬁ‘ﬂtl@lertﬁ&m&bﬂDB() of a@bhayw@i‘efoi)&ﬁnefdr 8MvhidAkthd dppearance
nple 1. 15 Conmi nution grindi hen carri ed

outdldnrnfemgirlﬁmlmdéff@(frqreﬁmmwrmgetlhat in Exanple 1
but 10 g of a Fel6Y powder with a nean particle
di ameter D50 of 40 m were used as the grinding aid

an obdthugnﬂon@rmglrﬂgasasetﬂen? cdreigd sut. “ﬂablpeoczd@de\kﬁsrewmded to that in
osition and antléy of flake-like startjng g
Xaple 1 but 10 g o a Fel6Y powder w1th a mean particle dlameter D5 of 40 pm

were used as the grinding aid and the grinding lasted 2 hours.

Table 2 gives the composition and quantity of flake-like starting alloy and the

grinding aid added for comminution grinding.

Table 2 Composition of the flake-like starting alloy and mechanical grinding aid

used

Component Quantity [g] | Fe [g] Cr [g] Al [g] Y [g]
Fe25,6Cr10, 67A1 | 150 95.6 38.4 16.0 0
Fel6Y 10 8.4 0 0 1.6
Total 160 104 384 16.0 1.6

As may be seen from Table 2, the composite powder obtained had the composition
Fe24Cr10A11Y. The composite powder was subjected to an ultrasound treatment

after which a composite powder with a mean particle diameter D50 of 13
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20 grinding aid added for comm nution grinding. Table
2 Conposition of the flake-like starting alloy and
mechani cal grinding aid used Conponent Quanti E
[g]C [g]Al [g]lY [g] Fe25,6C1 Q. 67A115095. 63%&1:]@28@4/007365
Fe 16Y108.4001. 6 Total 16010438.2416.01.6 25 As may be
seen from Table 2, the conposite powder obtained had
the conposition Fe24Crl OAllY. The conposite powder
wasing Wak 86taRddt 0 an ultrasound treatnment after which
a conposite powder with a nmean particle dianmeter D50
of 13 STA 218 (Ausl andstext) 27 PCT/ EP2004/ 007365 m
maﬁgobtqlqed Exanple 4 5 The procedure was as in

8% a mixture of a plurality of brittle
naterlals and pure iron powder being used as the
grinding aid. Table 3 contains the conposition and

Sor i iernapceguregacias in kxaamls ¢ emivpreria Rumbity efgbrithe magtials and
Fe%% frgrgg&g%&'bgugmgd By ﬂg‘éghﬁdﬁi i ng ai ds Fe60AL,

wer e roug to a nean particle
di aneter D50 of 40 tm before use in a separate

i O SARDS PRGBSO oI oL e GR A s o1 thE starting
Qvdet K&H kg e, Bhd BitI@ ARG aRIRBOAL Fe7@C1 £ V'8 2H were
use Conponent Quantity Fe [g] Cr [g]AI [ag]lY [d]

10[ g]br@@@ tcsame@n p28T!0doBne60 PS040 16 LoD b0 BEAR a separate grinding
step. The Fe powder used had a mean particle diameter D50 of 10 pm.

Table 3 Composition of the flake-like starting alloy and the mechanical grinding aid

used
15
Component | Quantity Fe [g] Cr|g] Al [g] Y [g]
(gl

Fe25,6Cr10, | 150.00 05.60 38.40 16.00 0.00
67Al

Fe60Al 1.19 0.48 0.00 0.71 0.00
Fe70Cr 2.35 0.71 1.64 0.00 0.00
Y2,2H 1.66 0.00 0.00 0.00 1.66
Fe 10.00 10.00 0.00 0.00 0.00
Total 165.20 106.79 40.04 16.71 1.66

As may be seen from Table 3, the composite powder obtained had the composition

Fe24Cr10A11Y. The composite powder was subjected to an ultrasound treatment

after which a composite powder with a mean particle diameter D50 of 15 pm was
20  obtained.

Example 5 Production of a Fe24Cr10A11Y superfine powder from two FeCrAl

master alloys and Fel6Y as the single brittle mechanical grinding aid
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52, oRBwesiHpn

Fe60Al11. 190. 480. 000. 710. 00 Fe70Cr 2. 350. 711. 640. 000. 00

Y2, 2H1. 660. 000. 000. 001. 66 Fel0. 0010. 000. 000. 000. 00

Tot al 165. 20106. 7940. 0416. 711. 66 As may be see

Tabl e 3, the conposite powder obtained had thgc{“/rE%%O‘VOO7365
conposi tion Fe24Cr10A11Y. The 28onposite powder was
subjected to an ultrasound treatnent after which a
conposite powder with a nmean particle diameter D50 of

15 mwas 20 obtained. Exanple 5 Production of a

Fe24Cr1 OA 11 Y superfine powder fromtwo FeCrAl

madtlakes atithopsarapadti¢le diad¢ters iSReof I0ngh,eoflyvhiich the appearance did not

nmechani ca ri-ndi n id STA 21 Ausl-andst ext 8 ..

pohnErGOby S B B IR RO AT 22 v bl o separane

D5 Qe drmafom tepd fanwldicolis] e Fxap@iy anfeem diwd Moiised alloys with the

signi ficant Iéy differ fromthe govvder_ produced in_Fig.

aERAC124. 8 pad dted7. 96T rwight mean paréipls diameters D50 of

anglqgQusly to Exanple 1 fromtwo atomnised alloys wth

t he conposition Fe 19, 9Cr24,8A1 and Fe27,9Cr5A1 with

mean particle dianmeters D50 of 40 gm The

particularly brittle Fe 16Y all oy s used as the only )

gr i Wi Ryytiavlarly Jirithg Feégﬁsaémyev@s Sifirien dbe &%%g BriRdinggaid during

whi F ' :
sﬁgseﬁhérﬁ%logﬁgn%& %I‘E’MﬁDJ%% \g}?@pal@&y'ﬁﬂ%ﬁgﬁw%g 8omminuted to

mean partic I amet approx.

10pr comdar partigle daméter BRAwphpprot., 4@pinndhe grdcadure rvgas2s5n Example

15

20

25

hours.. Tabl e .4 tains the conposition and original
wer RERFR MGHAREIRE of the two Tl ake-|1ke Feor Al

starting alloys and of the brittle grinding aid
(Fel6Y). 15 Table 4 Conposition of the flake-Iike.
st arabiend eantasgss theneprappsitipacinghpuainalgeigiipddn gapetitipseef the two

Co @a%@ﬁ&‘e?é%% thrti'r:lg allg;s(ahd [og]tlﬁbél br{tg; grillcg])g Li%](Fe 16Y).

Table 4 Composition of the flake-like starting alloys and the mechanical grinding

aid used

Component | Quantity Fe [g] Cr[g] Al [g] Y [g]
[g]

Fel9,9Cr24, |43 23.8 8.6 10.5 0

8Al

Fe27,9Cr5Al | 107 71.8 29.8 5.5 0

Fel6Y 10 8.4 0 0 1.6

Total 160 104 38.4 16 1.6

As may be seen from Table 3, the composite powder obtained had the composition
Fe24Cr10A11Y. The composite powder was subjected to an ultrasound treatment
after which a composite powder with a mean particle diameter D50 of 12 um was

obtained.

Example 6 /» situ production of the grinding aid
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Fel9, 9Cr 24, 4323.88.610.50 8Al

Fe27, 9Cr 5A110771. 829. 85. 50 Fe 16Y108. 4001. 6

Tot al 16010438. 4161.6 20 As nmay be seen from Tabl e 3,

the conposite powder obtained had the conposik§&FP2004/007365
Fe24Cr1 QA | Y. The conposite powder was subjected to an
ultrasound treatnent after which a conposite powder

with a mean particle dianeter D50 of 12 gm was

obt ai ned. 25 Exanple 6 In situ production of the

grinding aid STA 218 (Ausl andstext) 29
PCHIERRO0sEA00IT 3661 05 SAdABTBMNIV AlB3o which is commercially available

OCr 5, 5A14, 8Ti 3Mo 1 , wWhich is co r.ciall

avarkaoite Srddamenl A uirned o6 detigean Hxample 1. 10 a
subjegsihfaflon @t%{)@ﬁ&é}fahbﬁéh athobptRppl e 1, to a

deformation step under an inert atnosphere. 5 No

Sbrittle grinding aid was added during subsequent

conqm on. arindin t.her. | S rmed jin Situy. :
Gar gt g8 8 o8B 0Bt byt B TRl By, e

ec ot formed ik it dwinggthenghimtingipkdceva ok | tAigd@dpadel fthed eccentric

gas .m xture consisting of 94 vol. %argon .and 6_vol.

% Hyfabgearindtpg mill M@a%ﬁ@d%wﬂaa 3T MiRUreicnBsiskg §f 94 vol. % argon

in b r i t t r

3007 bet o2 L Br R, P i ORe) SHRARA RS RernBRY Mulated. 50 2
10owipngeetsging empppture aifi approf. H0et@ywasTbstablshed murigg the grinding

grindi ng conditions corresponded tqQ the procedurge .
dedEPIBOAN e E&éﬁwaaplif%aﬂ?ﬁ fefnetg ethe é%fﬁ?lgmréld%aondmons

t heohsHoRaed «f et ?ﬂ%ec&fre HERBEPHEFRa8BR | ePhd Bleldi8d temperature
formation of brittle Ti-H and V-H conpounds whi ch

actaad thahydregereermtangnhithe rasceash gasgled el thegformaiion of brittle Ti-H and

introduced in 15.Exanples,1 to 5 and thus lLed to. . .
contahneeadhis TR GG sioi e s hSeipg Bids fpiroduced in

15hy dT:@@filesCO Ramd 1hgls BRI oM@ futich) Adlet ghin@iapveert 148tddB R under a
mean particle diameter D50 of 13 mwas achieved. The

chéwidtegenwonigiung popospherenan payPoaider vifher Mage Restigle diameter
di T8 6t Phvad b BBYY

The chemical composition of the resultant superfine powder differed only slightly
20  from that of the starting powder. The hydrogen content rose to < 1,000 ppm. During
further processing of the alloy powder produced according to the invention the
hydrogen content fell to below approx. 50 ppm again as a result of sintering under

vacuum.
25  Example 7 Si powder as the mechanical grinding aid

Spherical atomised Ni38Cr8,7Al11,09Hf with a mean particle diameter D50 of 40 um

was subjected, as described in Example 1, to a deformation step.
30 150 g of the flake-like powder produced in the attritor were subjected, as described

in Example 1, to comminution grinding in an eccentric vibration grinding mill, 13 g

Si powder with a mean particle diameter D50 of 40 pm being added as the grinding
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10

15

20 fromthat of the starting powder. The hydrogen

content rose to < 1,000 ppm During further processing

of the all oy powder produced according to the

i nvention the hydrogen content fell to beIomF%E@¥8&Q4KM7365
50 ppm again as a result of siﬁpering under vacuum

25 Exanple 7 Si powder as the nmechanical grinding aid
Spherical atom sed Ni 38Cr8, 7A11, 09H with a mean

Paryid. CA ferdd iRl LthaPPitedl 2 ACinmll wib v 8 %eaﬁ?article diameter
described in EXanple 1, to a deformation step. 30 150

g d5G el 4.5 alaeand ke qesinetbeompasitianelidiser8 A8 Stitfrwasopbtained. The
wer e. subj ect ed, . described. jn_ Ex le 1. ta :
conTeERisHtsisaa o PRceseEin T8 Mo Epindsfine. Of the possibie
gr ibnigdilgrimdihg aidd 8i B padicuReMdaltablé biving t6BRPréjRitidsCAGer treatment
di aneter D50 of 40 m bei ng added as the grinding STA

218hg PXpRch FARIERHNIS @GTW%#MO‘ZF/@U?SGS aid After

grinding that lasted 2 h an alloy powder with a nean
particle dianmeter D50 of 10.5 mand the desired
corfosaple8n Ni 35Cr 8AI 8Si | Hf was obtained. The silicon

used is desirable or necessary in terns of alloy

engi neering. OF the possible brittle grinding aids S

| S et uldntibed 9B8ERRY £1190WHIGvi1Pa heiin BABBR didR&er D50 of 40 pm
After treatnent 5 the oxygen content was approx. 0.4

% byasvsabighted, Bxdespliteddn Sxhwplechby asiogias @tiritor (agitated ball mill), to
Ni%%ﬁ¥8 7A11, O9Hf with a nean particle dianeter D50 of

40 AHIIBARIL SE/pj ect ed, as described in Exanple 7 by

using an attritor (agitated ball mll), to a

def ormati on step. Subsequent conm nution grindi ng was

c arfubagfiugni camminpEop eEBHAE evag fcarsied pyivinethe (Presenqg) oy powder (13

t he i pdi [ d,.d ikewi.se i i bal | ~ri | ). :
theg)fg‘rgl {Egvé} %lgmge%ﬁhillggwéllg E{rglar trfflwe e?éﬂ e}lhgleaawﬁgtl%:tecmwal
G ipaghniders bBingiadpistedol ume: 5 1 Ball filling: 80 vol. %
Ginding container material:100 Cr6 20 Ball

material:100 Cr6 Ball dianeter:3.5 nmOiginally

wei ghgd d}FﬁucﬂHQ@&ritﬁi}{emollﬂﬂé!‘.der: 150;9 N 38Cr8, 7Al |, O9Hf

20

25

30

e Ball filling: 80 vol.%
¢ Grinding container material: 100 Cr6
o Ball material: 100 Cr6
e Ball diameter: 3.5 mm

e Originally weighed in quantity of powder: 150 g Ni38Cr8,7A11,09Hf

e Circumferential speed: 4.2 m/s

¢ Grinding liquid: ethanol

e Grinding duration: 1.5h

e Grinding aid 13 g Si powder (D50: approx. 40 um)

After grinding that lasted 1.5 hours and subsequent ultrasonic deagglomeration an
alloy powder with a mean particle diameter D50 of 13 um, measured using a
Microtrac® X 100, was obtained. The silicon used in this case was desirable or

necessary in terms of alloy engineering in order to adjust the end composition
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5

Crcunferential speed:4.2 mis Ginding |iquid:ethanol

25 &Ginding duration:1.5 h Ginding aidl3 g Si powder

(D50: approx. 40 m) After grinding that lasted 1.5

hours and subsequent ultrasonic deaggl omer at i BaT4#P2004/007365
al l oy powder with a nean partidle dianeter D50 of 13

m neasured using a 30 Mcrotrac(r) X 100, was

obtai ned. The silicon used in this case was desirable

or 11 % r n A r .

o P Ca RO 8 oishs B RS HAREhR ot Bufhfg) he desived

31 g?ﬁﬂh@&ﬁ”%ﬂ/@ﬂﬂ@@!inﬁn&&ﬁm&niﬁh& cOidferahslicon iseesmssuited as the
he d

S: Iog%e 2 en :ogvgrl?gr {odg E)q?trélelge%sg 91{1151135 pﬁcg:fe;!ss,r)lgg to an increase in the

Consxly Q&f &ﬂltéit ith %rbdw'ﬁiep &t the Hbﬁ&&l&ﬁoﬁtﬂ@ griflihp %Jb@s@ﬂh@ oxygen

owng toits brittleness. This grinding process

an donenewsel.dioblieveightygen content in the powder. At

t he conclusion of the grinding process the oxygen 5

content was 0.4 % by weight. Exanple 9 A spheri cal

at masmem 17Mo 15Cr6Fe5 W1 Co alloy with a nean

particle diameter 10 D50 of 40 m which is
commerci ally avail abl e under the name Hastelloy(r) C,

\3'2?% s llﬂe?ilcgﬁgtgﬁuseﬁﬂ_llﬁ%rlBégf)q:lelsgfel@é)gﬂﬁyav&h agrg?agxl %aét&CIC diameter

10wer@scofdd pomt wdiichgis @umeherdialiynaenilabletunder the hame iHERtelloy® C, was

15

20

25

30

grindin the resence of tungsten carbi de as

t héuglﬁf“ﬁ%& aﬁ'éJeé‘?r ¢ WH%[F 1y fea defermaionsigeng

conditions: Gi nd| ng container volune:5 1 Ball

filling:80 vol.% Ginding container material:100 Cr6

20 Bl flakedikematiiclap@biadses Wenedomeminutionegrenndin @aﬁtdcentric vibration
di anet.er: 6,

povar e 8y i B gt Pt o afir P Efise B HiERe e figand under e
at rrepeRRig&oadigions: ( 99. 998 %

¢ Grinding container volume: 51

e Ball filling: 80 vol.%

e Qrinding container material: 100 Cr6

¢ Ball material: WC-10Co hard metal material
¢ Ball diameter: 6.3 mm

¢ Originally weighed in quantity of powder: 150 g

¢ Oscillation amplitude: 12 mm

¢ Grinding atmosphere: argon (99.998 %)

e Grinding duration: 90 minutes

e Grinding aid 13.5 g WC powder (D50 = 1.8 um)

The result of comminution grinding was an alloy hard material composite powder in
which the alloy components had been comminuted to a mean particle diameter D50

of approx. 5 um and the hard material component to a mean particle diameter D50
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25 Ginding duration:90 mnutes Ginding aidl3.5 g WC
powder (D50 =1.8 m The result of conmm nution grinding

was an alloy hard material conposite powder in__which

the alloy conponents had been comminuted to aP@b&H2004/007365
particle dianmeter D50 30 of approx. 5 mand the hard

mat eri al conponent to a nean particle dianmeter D50 STA

218 (Ausl andstext) 32 PCT/ EP2004/ 007365 of approx. 1

m d erpal [ [
hor?;f-g@ i lyrmg. The haRRihidtisf RIS %5&;%%23?%%* liomogenously

Thalisitibaygd fmathd alley pewddr vobmosi t e powder coul d be
processed by conventional 5 process steps to forma
spray powder. For this purpose, 797 g WC with a nean

partheChlfoyd hadei@feritb QompPoMeS TPAWRIe3 Xduld-BSPro@dssel BY conventional

et hanol, "PVA (polyvinyl al cohol) and suspension _
st aipdeps siens e fermpddetryt powdss. forothis perpasd, dY7 aMEC with a mean

mat %Ftic% dia?rge?é%g;ﬁgd % R B’ﬁ@gﬁs‘éﬁgto%c e nbo pA/1E (polyvinyl

i nvention spersing and g I'ng" & suspénsi o
A silisihehsind nsuggehision athbilesdraviere addedisd $63d dfah@ allyy hard%naterial

of the 10 netallic, bipding, phase and to 75 vol., % of .

£ h&OMBOR RO s @quélpecgmg@mgﬁﬁitée INYERHIST dipepaiag and generating
furt Elfs?el%ri&feﬁss%gpe?\lﬁoﬁp@%y A ahichne \Agted to. 25 vol. % of the
classification to forma Breen spray powder wth a
pamntétellie ndiag qfha®0 ahd t63F5nvolTHe afrthanWE aandi miawriak phase. This

were firstl epoved fromthis green spra owder . by

G SURROPIOE Y ETODOPoeTRy DPrak GrenG DB SR g form o
Pl g&&ertdprAPRvler \ﬂ@h%}% iclt R8T 20 td 8. ThEBARAR RxillaRes were
the 15 process solid bond d

. nas were produce |n_t es(g{QgX
gr divstleremaved feoss thingican bray powden byegas cvplationdt VO 00 °C and

o i M | . f. . .
0 el ook PRI OIRIL DI 85 ihEChRBghere. n the
M grodeas Isylid aokdplvate prdied dnaie sphiys grapbifediangdlesoublil bonds

be further processed by thermal injection in a known .
marhsBveandthe dRgiyidHal graple grainy RegRpIOMEFAton codtcdassification into the

an alloys : [ Lhe.
o B YA 4 RN  BAETRAGIL, o v
10 bwinaiscouidbefisthdr pacessedby thetrmaltihjeciion/mre krprwramenner to form

an&ﬂa? %létsall xr Eooml%xn%lqglcgatled tw?thfa%raﬁ]o;-lh%lkde r%’aterzlgl composite.

Example 10

Titanium powder with a mean particle diameter D50 of 100 pm was processed

according to the invention and analogously to Example 1 to form flakes.

The flakes were then further processed in a comminution step analogously to
Example 1, 10 g TiH, being added as the grinding agent to the Ti flakes used
(original weighed in quantity: 150 g). After comminution grinding there was a fine

titanium powder with a mean particle diameter D50 of approx. 15 pum.

The titanium powder produced according to the invention could be further processed

by conventional process steps to form shaped articles. To protect against oxidation
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The flakes were then further processed in a

comm nution step analogously to Exanple 1, 10 g Ti H2

bei ng added as the grinding agent to the Ti f] akes

used (original weighed in quantity: 150 g). RET&P2004/007365
conmi nution grinding there was3 fine titani um powder

wth a nmean particle dianeter D50 of approx. 15 m 30

The titani um powder produced according to the

| NEOtB Ry %H{A/qerbﬁroﬁﬁ&td%%rg{r%ct%% Gnvel¥ors WRY §EP AN organic
process steps to Torm shape rticles. To protect

agabhsnt, ofor dxtainple 8Thax2k8 I(ongs chainl styelxacprt®Bs, such as paraffin or

PCT/ EP2004/ 007365 t he titanium powder pr ced . :
BTG 518 AHET HUEAP BRor R ieo SRS Proggisine. For s
solpugtise, thefpaffAiRVS dissbR%ATS: edadfifle GNAIhBxane, added to the powder
hydr ocarbons, such as paraffin or am nes, were added

priang thonhevansrwasethen pyapgraged withcomisnops eicadaiongf thepowder. A
t hi : fii issolved for exanpl.e
eSS PSR APV M R sy e
washé @proseapa it ethnpvedsibilignidhievediSTigis pEodedtieodllodfs thBetitanium
powder. A superficial seal against uncontrolled

abJOMSET rPEdITOesS LR allas obt ai ned thereby and t he

i nprovenent in conpressibility achieved. This

procedure allows the titanium powder to be processed

10i n Asfiter. proa@eséihg en tonmeodgemalgr iacht@ogss tooformosbeped articles by single-

15

20

25

tech olog% ta forn1shgp?d articl.es bg.sin?Le- aﬁle |
cofpeSSTBIsSIPRERMRVabrT e VBgHR CITHRELY (fchiBermg! greatment,
t hapemdal He@tpRIon of tthe fiding 810 QStériNtoObrh RBbstantially dense
grinding aid and sintering to form substantially dense

shapappdaarticles wok plsek- pl ace. 15 Exanpl e 11 Fl akes nade
of an alloy 17-4 PH(r) (Fel 7Crl 2Ni 4Cu2. 5MoO 3Nb) and
whi ch had been produced anal ogously to Exanple 1,
WerExdnigletied in a contrajet mll. The flakes had a
particle dianmeter to particle thickness ratio of
approx. 1,000:1 and a nean 20 particle diameter D50 of

15G 1 Res gﬁz?decmér{ gi{l@}hlli}tmglr]%%ﬁﬁ?@ m Qﬁgﬁ:dﬂ §I\ti%d)§]ﬁ[)} affWhich had

At om sed spheric not been
pr écen patdackd afaldgoeslg amBxahployl, wetehreatediaatcoairget mill. The flakes

S R L S8R o SR PR SRS AT e,
fi | Jaggbinvidiaieter 1950 0P Q80 fim.PTHeKcoHRlaji®nill (Wels %Jgééteﬂ\@\i/iﬂhfnert gas.

grinding aid and 33 % by wei ght flakes) and
gr i A@mggdpipberéeas material, which had not been pre-treated, of the same alloy with

a particle diameter between 100 and 63 um was used as the grinding aid. The
grinding chamber (volume: approx. 5 1) was filled with 2. 5 1 powder bulk volume
(67 % by weight grinding aid and 33 % by weight flakes) and the grinding process
initiated. The fine fraction produced was separated at 10 pm by corresponding

adjustments of a sifter connected downstream of the mill.

In contrast to the earlier examples, comminution grinding and the generally required

deagglomeration were performed in one step by the procedure described. A

30 particular feature of this procedure is the use of characteristic or alloy-like powder

that cannot, or may barely, be comminuted and which leads to an increased
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10

15

20

25

25 initiated. The fine fraction produced was separated

at 10 m by corresponding adjustnents of a sifter

connected downstreamof the mll. In contrast to the
earlier exanples, comninution %%jnding and t hRCT/EP2004/007365
generally required deaggl oneratti on were perforned in

one step by the procedure described. A 30 particul ar
feature of this procedure is the use of characteristic

or QYL : arel: T
corBpNioy GReRAHs S e ARdrg afless A0 TR REHR Mpighed arinding
( Adfeandst ext) 34 PCT/ EP2004/ 007365 application of

energy in the grinding process and thus to an inproved
grinding effect. Exanple 12 5 An atom sed NI 17M
15GnGingpe 21 Co alloy with a mean particle dianmeter of

100 to 63 gm which is commercially avail abl e under

the nane Hastelloy(r) C, was nechanically treated in

a hjgh ener.gy-,m 4l ric,vibration mll). under

End R P AEREERECotpty Nl A fReBpabieeibier of 100 0
volazmaim, Swhich disasah@erc2lyC AvailaBlegiide Pihe Oamel Htdlloy® C, was
Ball filling:80 vaol.% Ginding container material:100

Cr EnesAppicatht dieptaf - e dighh srerelanil (eesentrig)ivabratien mi) pder the
O iqi Ly ks d in quantity of powder: 300 g
Clscflgpﬁgkgitnlgocﬁ}q@lr?g I'tude: 12 mm Gi ndi ng at nospher e: ar gon
(99.998 %9 Ginding duration:2 h Flakes were produced

whi ch had . a _di aneter to thickness ratio of _1:2 and a
fl ake® t(ﬁﬁlqgé%g@t@pera\ﬁ)é,l}rgg(:_ 20 gm | (diameter 20 cm, length approx. 15

cm)
e Ball filling: 80 vol.%
¢ Grinding container material: 100 Cr6
e Ball material: WC-Co hard metal
e Ball diameter: 10 mm

e Originally weighed in quantity of powder: 300 g

e Oscillation amplitude: 12 mm
e (rinding atmosphere: argon (99.998 %)
¢ QGrinding duration: 2h

Flakes were produced which had a diameter to thickness ratio of 1:2 and a flake

thickness of approx. 20 um.

Comminution grinding then took place in a gas contrajet mill. During comminution
particles which had a particle diameter of < 20 pm were removed by suitably
adjusting a sifter connected downstream. A fine alloy powder which, after
ultrasound treatment, had a mean particle diameter D50 of 12 um and a D90 value

of 20 pm, determined using a Microtrac® X 100, was thus produced.
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25 Comm nution grinding then took place in a gas

contrajet mll. During conmnution particles which

had a particle dianmeter of < 20 gmwere rem)veé %\f’
suitably adjusting a sifter connected downst Fe&RP2804/007365
fine ali oy powder which, after 33ultrasound treatnent,

had a nean particle dianeter D50 of 12 gmand a DOO

value of 20 gm determ ned using a Mcrotrac(r) X

10@1akas thus produced. STA 218 (Auslandstext) 35

G ai ms PCT/ EP2004/ 007365 1. Met hod for producing

netal, alloy and conposite powders with a nean

particl jamet er Q. of at t 25 determ ned .
Uiing t RICWRTEOE Prind el "R G0 Rl SRR RS v @ mean
X Hagidl® dATMrD 0 60 a0hosf 2D MhA detedmined isRRE 'paMidld nikasuring
greater nean particle dianeter, characterised in that

Sa) ppaapanYicertes®K {Hetost8TM kgl Yéuitledrom e sprtieg pewder with a

in f [ ' ake-|ike particles, of
V\hig?%aq%hlgéagi?rab? ég? gﬁg@géﬁb heFaC{eclg)@%glrn tt%l‘}iél e thickness
ratio is 10 between 10:1 and 10,000:1, and b) the
fla e-Iihe gar icles are subjected to co 'nu(%igon X )
grindi ngh§ Rattigles Of dheatrrting PWLCTIE PEPGseSediip 2 dpformation step into
Metth@d 16 CorGiiag Srowhlchl Rk lparfI&TRER&E! &E Paltitld BAkiRss ratio is

deaggl oneration stage follows conmm nution grinding.
103, bebwdend Oalcarsh H1.009:1,andi t her claim 1 or claim 2,
characterised in that the netal, alloy or conposite
powder has a conposition of fornmula | 20 hA-iB-jC kD
(1 bywhertge Ralddlike #\Iﬁﬁ£1€§ﬁ’@ts§bj@ﬁ@d & comthRufbn kABding in the presence
el ements Fe, Co, Ni, B represents one or nore of the
el efgrgrmding agh, Ta, Cr, Mo, W M, Re, Ti, Si, Ge,
Be, Au, Ag, Ru, Rh, Pd, Gs, Ir, Pt, C represents one
or nore of the elenents My, A, Sn, Cu, Zn, and D
15r e eservisthodecarndingne cifimt )ehadaeersddsindhat dHleagglomeration stage

rare-earth netal, .38.
follows comminution grinding.

3. Method according to either claim 1 or claim 2, characterised in that the

metal, alloy or composite powder has a composition of formula I

20
hA-iB-jC-kD D
wherein
25 A represents one or more of the elements Fe, Co, Ni,
B represents one or more of the elements V, Nb, Ta, Cr, Mo, W, Mn, Re, Ti,
Si, Ge, Be, Au, Ag, Ru, Rh, Pd, Os, Ir, Pt,
C represents one or more of the elements Mg, Al, Sn, Cu, Zn, and
D represents one or more of the elements Zr, Hf, rare-earth metal,
30

and h, i, j and k indicate the percentages by weight, wherein
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and h, i, j and k indicate the percentages by meight
mhereln STA 218 (Ausl andstext) 36 PCT/ EP2004/ 007365 h,

i, ] and k in each case independently of one

represent 0 to 100 % by weight, with the pro@eiéﬂgwgfmm7365

the sumof h, i, j and k i s 108%% by weight. 5 4.

Met hod according to claim3, characterised in that A

represents one or nore of the elenents Fe, Co, Ni, B

r em §s gaﬁ& kOfCeaRh AR %d@faeddbﬁufb%ﬁ@taﬁot}{er %rees% 0 Y8 100 % by
, C represents one or nore of the elements M,

AI and DVeiglr esents one or nore of the el enents Zr,

Hf, Y, La. 5. Method according to either claim3 or

clain14, characterised in that 15 h represents 50 to

80 Witlbphe\ppo g8y that the eph@S@N, $addk 1s01000% Ky eiyi ght |

represents 0 to 15 % by weight, and Kk represents 0 to

5 % by weight 20 with the proviso that the total of h,

i, 4 an ' faccording to

an;tonqu?hgﬁgéggméggydﬁﬁﬁgﬂ%?g@egystéggln that the

produced netal, alloy or conposite powders have a nean

particle di aneter D50 of nost det erm ned
ot ho. a TRRTERRY GhE GOk P BBl o R 07 25 7.
Metflod ge6REchidhel? nddt¥ 0P R eBmeni@VN®r, M, aWOTi,
characterised in that the starting powder is a powder

10wi t¢h splrepricseats @e drmpasg of thelelensdngpldg, phand cl es and has

15

20

25

30

1079 o1, el & iy SR L T, o

greater than 25 m 30 STA 218 (Ausl andstext) 37

PCT/ EP2004/ 007365
Method according to either claim 3 or claim 4, characterised in that

h represents 50 to 80 % by weight

1 represents 15 to 40 % by weight

) represents 0 to 15 % by weight, and
k represents 0 to 5 % by weight

with the proviso that the total of h, i, j and k is 100 % by weight.

6. Method according to any one of claims 1 to 5, characterised in that the
produced metal, alloy or composite powders have a mean particle diameter D50 of

at most 15 pum, determined using a Microtrac® X 100 to ASTM C 1070-01.

7. Method according to any one of claims 1 to 6, characterised in that the
starting powder is a powder with spherical or irregularly shaped particles and has a
mean particle diameter D50, determined to ASTM 1070-01, measured using a
Microtrac® X 100, of greater than 25 pm.
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8. Method according to any one of clains 1 to 7,
characterised in that the deformation step is carried

out inarolling mll, an eddy mlIl, a high-e

mll or an attritor. 5 9. Methaod according tggi&%QQQ@@07365
of claims 1 to 8, characterised’/in that during

comm nution grinding liquid grinding aids, waxes

and/or brittle powder are added as the grinding aid.

10.g. Met haghag GRESHING Jfgargl Bhd"oP clARATAES §r F?&gctéﬁkeﬁhﬁt that the

the grinding aid is paraffin oil, paraffin wax,

metdgforpaticie step as tayyied ovdiera, rohtstgamilk ah gy eyill smhigh-energy mill or
and/or, . hard material powder. 11. Method according to
any"éHEBf clains 1 to 10, characterised in that the
grinding aid is produced in situ during conmm nution
grinding. 15 12. Method according to claim1l, _
Schék act eYlpthed apeprdingtlo @Rk oge ioh ¢langs dite 8, shajsetetisaseid thgt during
addi a | l.eh reac

condnr Bl 0t AT 0k Sy ARET B AFlor blfle poyder srs added as
powhegrinding eidf orming a brittle phase. 20 13. Mt hod
according to any one of clainms 2 to 12, characterised

in that the deaggloneration is carried out in a gas

conty’ aj atefbl | acciingl 1 BAMNG. BRIRetedsciNGRHRE tggrgrﬁ'lding aid is

rotor-stator. 14. thod according to any one
10c| giaredtif oilo padffirc hakamewt pewderi alloshpowddremeRd sulphide, salt and/or

de ongration s carried out in the presence of one
or%%%i@gﬁpatﬁ?ﬁgeﬁﬁ spersing aids and/or binders. 15.
Metal, alloy and conposite powder with a nean particle

di ameter D50 of at nost 25 m determ ned using the
parltli cl Mpthad werardingpipatnat ens of elesny 4der)0, xhapotegeed: i that the

AST 070-0 taj. b et hod. according to

an)gl}qéﬁlenjgoaflgbﬁ pé%%cgq zfgﬂ?@r%&@gﬁ t}%‘u@ Img%g%t ext) 38
15PCT/ EP2004/ 007365 16. Metal, alloy and conposite

powder with a nean particle diapeter D50 of at

: . nmost . L
25 Iy deYiemnf megordiientp elsim ph 1gharagteriseds in jthey the grinding aid is
APRAS @IS b)Y 2GRk A et h bbb hd 8dilifdns of inuti
chgﬁacferi gglﬁgatﬁgﬁ,eéﬁ%gﬁct ecnaxinun1con€ra€figﬂmnnmlmn
i s graodirg wigld thetskeetigppawder twhole,fonteing a foritiéedphasé.ng a
dil atoneter to DIN 51045-1, is at |east
20 13. Method according to any one of claims 2 to 12, characterised in that the
deagglomeration is carried out in a gas contrajet mill, an ultrasound bath, a kneader

or a rotor-stator.

14. Method according to any one of claims 2 to 13, characterised in that the
25  deagglomeration is carried out in the presence of one or more liquids, dispersing

aids and/or binders.
15. Metal, alloy and composite powder with a mean particle diameter D50 of at

most 25 pm, determined using the particle measuring apparatus Microtrac® X 100

30 to ASTM C 1070-01, obtainable by a method according to any one of claims 1 to 14.
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5 1.05 tines the contraction of a netal, alloy or

conposite powder with identical chem cal conposition

and identical nean particle dianeter D50, the Eovvder

to be investigated being conpressed to a conB¢&4F§04/007365
density of 50 % of the theoretid®al density before
nmeasuring the contraction. 10 17. Mxture containing 1

to 95 % by weight of a nmetal, alloy or conposition

powger ageQr Aipg hP cﬁ-g(')s‘f@e wikr WRna e Zpdilel? dfnder D50 of at
wei ght of a netal, alloy o conposi te powder produced

by ra¢so S gen, daternied &l (haymitanhe steextring apparatus Microtrac® X 100

to ASTM C 1070-01, characterised in that, until the maximum contraction is

attained, the contraction, determined using a dilatometer to DIN 51045-1, is at least
1.05 times the contraction of a metal, alloy or composite powder with identical
chemical composition and identical mean particle diameter D50, the powder to be
investigated being compressed to a compressed density of 50 % of the theoretical

density before measuring the contraction.
17. Mixture containing 1 to 95 % by weight of a metal, alloy or composition

powder according to claim 15 or 16 and 99 to 5 % by weight of a metal, alloy or

composite powder produced by atomisation.
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