1- Method for producing fine nmetal, alloy and conposite powders 10331785. The
invention relates to a nethod for producing netal, alloy or conposite
powders with a nean particle diameter D50 of at nost 25 m a Bi3317859
powder firstly being 5 formed into flake-]li ke particles and these then being
comm nuted in the presence of grinding aids, and to netal, alloy or
conposite powders obtai nabl e thereby. Numerous netal lurgical or chem ca

nmet hods are known for producing nmetal and alloy powders. If fine powders
are to be produced, the known nethods frequently 10 start with the nelting
of a netal oMethodfqargyrodpeingfinemetal,alloyppd gemppsiteapOriest i on, the powder
particles formdirectly fromthe produced nelt droplets by solidification.
A |l arge nunber of possibilities, but also |imtations to the process, arise
dependi ng onThéénvieyien adatepwl 4 mgthodrfeaprodntinyinidialablioy driscanfeisite gawdersat er)

t he process gggineering,paraneters used, for instance the nozzle _geonetry,

gas speed, g#dihiagheayRatticle d@ﬁnqtﬁé)fm).ﬁg?tén%lzé%ﬂ Stﬁ&’ﬁﬂg Pﬂ‘éfd‘?fafffé‘ilY hemng
paranet ers %&rﬁg i lﬂake—sti‘ﬁg@aﬁﬁlé% 'tﬂ&ﬁm l:?ﬁ‘?:‘lécgdrﬁ}nﬁﬁﬁé&ﬂ tHQB&Eénce of .
solidification ehaviour, viscosity, chem cal Ttonposition and reactivity

wi th the progasdingadssndt¥mesidhaldy,orComiosiidriveiess abtaindtdevdercbyet al | ur gy -
Processing and Materials", 20 EPVA European Powder Metallurgy Association,
1997, 10 to 23). As powder production by atom sation is of particul ar

i ndustrial a ] Fapiyfi , ' | gatd i have
becone est abﬁﬁgﬁgﬁ@@%@&@.‘@%@ﬁ@%@ rél\réglgggﬁéclt%&eo&mdgg ﬁgﬁlﬁﬁ%ﬁkﬁéﬁ ;a)omder
properties relmi pesders.udHinespqualetd adedo e podwedpthietknowa metheddirsquentyt i on,
particle rphol agy, inpuritjes, and properties of the nelts to be

at oni sed,lgls)uétﬁ“é’ﬁlgh@Fﬁrz‘E@lgp‘bfjiWe%fmraé‘a?épﬁvi ty, and the tolerable costs.
Neverthel ess there are often limts fromeconomc and industrial points of

viewto attaining a specific property profile of the powder (particle size
di stributi on$f theimgltis diyidedrityeatbmijsatioe sthgmpatvddr parrieles o directyr frtnal thgy

O ] o A T o e il e
Metal | urgy Aggfalisld @he fdedss, ArfselRpariing ol he it dAUSiADERLENIN: wath air,

15  inert gas, water), the process engineering parameters used, for instance the nozzle
geometry, gas speed, gas temperature or the nozzle material, and the material
parameters of the melt, such as melting and solidification points, solidification
behaviour, viscosity, chemical composition and reactivity with the process media
(W. Schatt, K.-P. Wieters in “Powder Metallurgy — Processing and Materials”,

20  EPMA European Powder Metallurgy Association, 1997, 10 to 23).

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).
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10331785. Powder production by atom sation primarily has the drawback t hat

| arge quantities of energy and atom sing gas have to be used, and this
renders the procedure very expensive. In particular production of fine
powder fromhigh nelting alloys with a nelting point > 1,400CI031A8%. very
econom cal as, on the one hand, the high2nelting 5 point necessitates a very
hi gh application of energy for producing the nelt and, on the other hand,
the gas consunption greatly increases as the desired particle size
decreases. In addition, difficulties often occur if at |east one alloy

el enent has ffi n|t .to ax st. adv a be. achi eved
during produbeFer HPQHCS% yetipmishor pRERER! ey e dereroany Th iarse Sbaaiiiss y
devel oped nogg Lasey hg bidrdtlh da 'hawtoosé bl GndTRY YEIdANHRYorBte S fdrl, O

other single-stagé nelt netallurgical nethods are also frequently used
such as what expenkivown mesticula preduspion mif digie poivder frpuulmghgnlenmehlﬂoymnmdl a cool ed

|1, whereb th tabl e st d
what i 5 rer obeBinaistise BARGE R VoY pockimiea o o e i g Be R HEGRE: on of
a cool ed probhinedededilatdsal Al MebrAdppictbrStesfrdy o prodilideaRe nilt &ld, owherein

particles or fibres are obtained. further inportant variant of pomder
production i thet wéelch@wh, d¢lad garetdnsumpiion grestlydnéreasenhs it désinosli eticlosizaet al

| t Ho bt | t hi
T N R
EPVA Eur Opeaﬂlg'ﬁoaiﬂﬁity VBt Bdybel. AYoshue0sitades Ahay b8 héhieved dufind Produetibh OFE! ¥

fine particles which have particle sizes of less than one mcronetre may 25
al so be pr odpagigulagly fine aBoypowdaribyrusmg seeagh dvelopednazaendensat i on of
netals and all oys and via gas phase reactions (W Schaff, K -P. Weters in

" Powder tallurgy - Processing and Materials", EPVA European Powder

Vetal | urgy ABgosidéddno pdfRTe piBdidioflhy Theseivat hads: e ehye eﬁh@RnSi ve,
however. 30 If cooling of the nelt takes place in a relatively

vol ume/ bl ockmemaéblr@lmldaﬂhocilﬁemﬁ(ﬁk%fre@smdy usehr gieh asmleataﬁém@wpeatsf“m@-
conmmi nution ar.e negessar ; nwgygg z 11a||? erl} é{ ﬁ

processed by %ngr hetl Hg Q/ear 1% ?/9 5t é’I&Ae S| élrl\ t &% 3’

comminutable strip is produced, or what is referred to as cruc1b]e melt extraction”,

15 ie. the immersion of a cooled profiled roll rotating at high speed into a molten

metal, wherein particles or fibres are obtained.

A further important variant of powder production is the chemical method via
reduction of metal oxides or metal salts. However, it is not possible to obtain alloy

20 powders in this manner (W. Schatt, K-P. Wieters in “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 Matenals”, FPMA 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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3°10331785. nechani cal powder production is given by W Schatt, K -P
Weters in "Powder Metallurgy - Processing and Materials", EPMA European
Powder Metallurgy Association, 1997, 5 to 47. 5 Mechanical cod3d8%on, in
particular in nmlls, as the ol dest nethod of particle size adjustnent, is
very advantageous from an industrial perspective as it inexpensive and may
be applied to a | arge nunber of materials. However, it nakes certain
dermands on the process nmaterial, for exanple with respect to size of the

pi eces and brittl.eness of th terial. .In Lt]op, ,C jnutiQp cannot be
U sued s dQF PR OV REFTEREE Ay i B R FortE R choiEo
occurs if thagalngy Ny MeQeEas 4nd Mgk WMEHMAE Eafdpedl Yowdee Niewley. The
conventional grinding processes are nodified i f the physical limts of the
capaci ty for Aseomatiom 1. atedattai ned for the respective grinding stock and
certai n phenonena, such as enbrittlenent at |ow -tenperatures or the effect
of grinding aids, inprove the grinding behaviour or the 15 capacity for
commi nut i n. MechRiib&AEoRimihiniéh, &P partibuthi mDks, 4thabidégl ietBod bE pfticle size
pre-conmm nuted material that is particularly suitable in many cases

i nvol ves t he adigpienspt. isfvegagdwsingeauny Bomngn [nglugirial perispastive @p at BCEPINSiFEr ous
commerci al suppl.ier for._ ex i - X. This
met hod is pr gggl%ﬁ %%nagg%?%&?aggfgfgei n&l%g'?ﬂtl\l@%ﬁs{ageﬁa ?Shq{%véeqlgggﬁe%% Sg?"lq% | e
materials, cdesatdy@bihe pasbesdimageial, ffor0fRanplisithirédpedt toWide®f ehe pitcdsmpdri ti es,
aut ogeni c grinding) and financial perspectives conpared to conventjonal

mlls using bpttlcapss ofetbp apaterial. tim: icomMIRYTOR Graneihe pyrswadsasglesigdst at ed
SRS S ADAAUA PRI : . %
PF s vitDh JSher™h B Ry bebiiP eirpls” AR ik oBOSS GEUR bitfide b

materi al s thakgat avidi frélativdly fiee gomadersut Fhe amhentivhal dgdidimatpecceassst el e
sizes. This is explained by the decreasing kinetic energy of the powder
particles beimiylitshitithtipiyriqah limils ojdle papacitpdor qommingtien areeaiigingg fer thene
powder parti .‘fésg)%ctlx% %rﬁnd?ﬁ%%%%i(' zﬁagl oMt m&&@&ac@ﬁ&{ 6L BBty dulle SP9GHT 1 €

energy requifenent ring supertine comm nutioh increases to financially

unj usti fi abl eemferatarges thndfteet dfhamlageaidt, ipgreler the wWirinbing igthavivat of they 1 s
practically inapplicable. The sintering activity of these powders thus
commi nut d~ dGARACHBHOTCOMBEBHNY t o t he

A method of fine comminution of relatively brittle pre-comminuted material that is
particularly suitable in many cases involves the concept of gas contra-jet mills of
which there are numerous commercial suppliers, for example Hosokawa-Alpine or
20 Netzsch-Condux. This method 1s prevalent and provides, in particular in the case of
brittle materials, considerable advantages from industrial (low level of impurities,
autogenic grinding) and financial perspectives compared to conventional mills using
purely mechanical comminution, such as ball mills or agitated ball mills. Jet mills
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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sintering activity of powder particles produced by conventional grinding
either. STA 218 (Ausl andstext) 4 10331785. Very fine particles may be
obt ai ned, for exanple, by conbining grinding steps with hydroyesdfg8sn and
dehydr ogenati on reactions, including the gonbination of reaction products
to formthe desired phase conposition of the powder (I.R Harris, C. Noble,
5 T. Bailey, Journal of the Less Commobn Metals, 106 (1985), LI to L4).
However, this nethod is limted to alloys which contain elenents that my
form stable hydrides. Mechanical influences on the conmnution in the form
of lattice defects or other defects may thus be substantially avoided. This

is particul a ie .t vgeg
par 'Ito icles, f(K)/Ir Yy&%@ﬁ%{rﬁ@l@%}da& btets.bt%é 1{.#1?2681‘ &% leogz)gl%?{i/]‘i)?ﬁ%g%%%ﬁggtﬁg properties
of the pomdehydm@admnbn asdjddshydsogenatkkiﬁeﬁ:tms,rmﬂadnhg niegeehlsinatia of restionds
al ways neet their ts if it a matter, of produ [ f|n owder s
of dﬁct. l e n@@épgts@frfm |tb9éewﬂ@§am9grps@flﬁn Rf &e HO@%S’IE’Eﬁ e i‘{ﬁ&iﬁn and
high sinteri ﬁngaﬁéy,\ﬁphﬁﬁ%Pof&é 3 Giﬂﬂf?lﬁﬁ 'N?&Eikpft%ﬁ Y"EIEL Q)eié WREEVELT

ucts of t

produci ng prod IS type, particles Su jected to I nfense
cool i ng bei nthic emdthed tirgémnmtl mxali@rsewndhl gintaipedements thatp ntay ﬁmlmasthblw aa

venturi tube, ont is thus allegedl ible pr oduce
a product wi P adoeﬁiwﬁaw HO elEfétSWééﬁ!P YPmRPuiHn %F(f%vl? %ﬁﬁ&# ctswr 20
Weters in " Beudglreiehaly! tiiode ﬁfb@féﬁﬁﬁ fﬁvo%k‘é "Y'ﬁis% b%%ﬁl’arllﬁp hen
Powder Metal lurgy Association, 1997, The act of eI er at| ng the

starting poWwetiona prdﬁwrtmseﬁdh@bowdunphmdc:ei“sn eangde de @‘x&;taldmasl yritidadjly
li cat t hod. bl
iR e TR N T O A e

critical inpurities are introduced into 25 the grinding stock. A further
nmet hod for producing fine powler fromductile material is nechanical
al l oying. | nSBiIdi meﬁlpdtebsa)ag@bcinﬁlﬁat leitarig itobzt aimattbrbyf preducisg werygfinedi ng
treat nent, hat are

| o t tall
appr oxi mat el §?°‘f erf‘(S’ gu :Waeé goﬁgﬁ?%ge‘”ﬁlfﬁg" Pg{hl l?slgg | E‘V’ﬁ%g%ﬁ’fyé’tﬁf‘é‘lndchanges
as a result gfghtslﬁﬁeﬁugmummégam cal

15

The coldstream process was developed for producing products of this type, metallic
particles subjected to intense cooling being centrifuged at extremely high speeds of
up to 1 Mach via a venturi tube onto a cooled panel. It is thus allegedly possible to
produce a product with a particle size between 5 and 10 pm (W. Schatt, K.-P.
20 Wieters in “Powder Metallurgy — Processing and Materials”, EPMA European
Powder Metallurgy Association, 1997, 9 to 10). The act of accelerating the starting
powder to the speed of sound necessitates an extremely high application of energy in
this method. Furthermore, abrasion problems may occur and, owing to the
interaction between particles and counterplate, critical impurities are introduced into

25  the grinding stock.

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 um
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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stress in such a way that fine individual particles may possibly form These
contain the conposition typical of the alloy. However, the drawback of this
process is that STA 218 (Auslandstext) 5 10331785. consi derabl é033i7@85i ti es
are sonetines introduced, primarily by albgasion. Usually, however, it is
precisely the uncontrolled abrasion that is an obstacle to industrial use.
In addition there is the fact that discrete superfine particles are only
produced after a very long grinding period. Fine nmetal and all oy powders

t herefore cannot ,be 5 economically produced by nmere_mnechanical _all gying.
The obj ect ofORHEerphle JBRITIIGHAIRSPBRtINES fdfsuecds prgaatly by -di]%‘\‘@ﬁb
process for paaeduCHN\GELinay e\ RBhitdIRH!BasfiiGhic i to3hdNriAluse.
conposite powders, t E%prneltgﬁ%dﬂeql)elelﬁlg parat fag%}dargft; zsub?%%}lee 0for prrlo&ﬁ%i ng

al | oys, i.e. Imadditier thepons et fast/thbediscretasdpeinabirtvics gref anhy prodotal after a
properties, such,as particle size, particle sjze distriQution, sintering
Botivity, | myER (9Pt BHRURE RSFIofaince A GhoAhalon PoRaCise Hstriptss 6t ype

adj usted 9r i.RElIHARARCbroded BRINRGE nieshAbi S§dng@ccOrding to the invention by
a two-stage nethod, a starting 15 powder firstiy being fornmed into

flake-1i ke particles and these then being comm nuted in the presence of
grinding aid The inveption therefore rel.ates t.o a nethqd for producing

Tet ol oy ThE ohist QX R PRy S Bt SR o GV e PR eT of at
most 25 }im phehef 'm@im%'rﬂ&lm AR, BREdl] Al§ FRABIPOLRIpAPRAE, 3hd!ethod

M crotrac(r) p@loggt‘o ASTM C 1070-601, from ﬁ_sta?itf)%nlg I|1))owoler vvitr? a greater
mean parti cl dedigarastiaariywhdtablerfon pradueingaallos lies noflti-chmpeneant tsysigmpowder ar e
processeq.in shaping step into flake; |ike .particles, .of.which.the

Dot o e 161 abe Rty BRaRERE) BRPRTRnSCt FhprtER horTRune 8 ErElfy

10, 000: 1, andidridsh@ctiifkanipuli, RefitbhtC b pattide SH&HF?B@IBQQ thOb& QHpARFIIGN
grinding in the presence ofp a grinding aid. 30 The particle neasuring

appar at us M edistedof ifluxndedd i s conmercial |y avail able from Honeywel |,

U S. A STA 218 (Ausl andst ext)

The object is achieved according to the invention by a two-stage method, a starting
15 powder firstly being formed into flake-like particles and these then being

comminuted in the presence of grinding aids.

The invention therefore relates to a method for producing metal, alloy or composite
powders with a mean particle diameter D50 of at most 25 pm, determined using the
20  particle measuring apparatus Microtrac® X 100 to ASTM C 1070-01, from a

starting powder with a greater mean particle diameter, wherein
a) the particles of the starting powder are processed in a shaping step into flake-
like particles, of which the particle diameter to particle thickness ratio is between

25  10:1 and 10,000:1, and

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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6 10331785. For determning the particle diameter to particle thickness
ratio the particle diameter and the particle thickness are determ ned using
a light-optical mcroscope. For this purpose, the flake-1ike H33de8s.
particles are firstly mxed with a visco#s, transparent epoxy resinin a
ratio of 2 volune fractions resin and 1 volune fraction flakes. The 5 air
bubbl es i ntroduced during m xing are then expelled by evacuation of this

m xture. The then bubble-free m xture is poured over a planar substrate and

then rolled_out usin roll.er..  The flake-|ike particles are thus oriented
in the now fFei %téwpﬁg VG fiarerda e i e PrEL pHemelehn
mani fests it g fhelfartidithidiiRss SY dereRida RS AbhitRichl RkSSscAhE 1Rk igHt ed on

average parallel to the surface nornmals 10 of the planar substrate, In other
wor ds the fl plpsscathe Rakedikggevidar paricles awrfirathe maxgel with atvissnug, renspabsi r at e.

Spoxy +osi n O edR it ST yBhute b BOuS el B Grssbpmetey yhe
exam ned per gendivelkaintryd@rd MaiR bikinkOark Bes URPLIEL 8y BMckRoRdoR this
K

m croscope with a calibrated | ens and by taking into account the adequate
particl e oriswxtatei dhegher baldtle-fie 30ixpue i3 ppwed aver aplmar eebstrae and terr age i s
formed fromt neasured vgl ues. .This., average represents .t article

di aneter of f %dﬂugﬁ%mg iaiggﬁ%raﬁ?xf:é}agg—ik&&ﬁﬁgﬁ-‘%@e g%sﬁ)élreﬂézadfjgﬁq Qchﬁf‘gdt hr ough
t he substr at BetdRéh trbiferSAPkbsir@tePaheXRbTRed  pdshRnPRBKITGELtsdl i€ R SHES are
determ ned using the mcroscope with a calibrated | ens, which mcroscope
was al so usesiriage gerrealpriohthetflpkepanetdrichied dinaaverage pagHektogho surthch@otradden 20
that only,particles |located optjnally. par el to the substrate are

reasur o1 heot € P STREE. 3P bUE oYt BF ek v Sl S PR e en
resin, sel ecltngn StHé tsabithate. OAFtEINE@EH ) Aukthislk bEkhigdly das&isgmk Nget he
limtations of the particles to be evaluated do not present any

di ffi cul ti eswopgdiffprathe epaxy rasi paietandhesubsiraterbhessamades aspmicrpseapicelye
f d f e . : Thi he 25 i cl
bt ckness or CHIMTEF BpSRi e Sad BB W RLAHRLRE 67 GBS 4 iRl ) o

t hi ckness r ahicalibrated drsuhdbedalling itb hecoanehe Adsquatagetslt atibmetivahiiesst | n
particular fine, ductile netal, alloy or conposite powders may be _E];ioduced
with thb nethoartisks gromeguret amdean axpeaeeiis formed drom therreagpredaialugy. biis

- T s-te -cl the fldké ik les, in- ;]
conposi te poyder agel(?)c% Ets't ?etskﬁ EWhnd@K 6P b 11IBR ML NRRRIROWERLSinghhCh, 10

t he event of ne
perpendicular cut through the substrate and the sample to be examined, the particle

thicknesses are determined using the microscope with a calibrated lens, which
microscope was also used to determine the particle diameter. Care should be taken
20  that only particles located optimally parallel to the substrate are measured. As the
particles are completely surrounded by the transparent resin, selecting suitably
oriented particles and reliably assigning the limitations of the particles to be
evaluated do not present any difficulties. Again at least 50 particles are measured
and an average formed from the measured values. This average represenis the
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 vield point is reached, undergo plastic expansion or deformation before

significant material damage (material embrittlement, material rupture) occurs.
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until the yield point is reached, undergo plastic expansion or deformation
before significant material danage (material enbrittlenent, naterial
rupture) occurs. STA 218 (Auslandstext) 7 10331785. Pl astic mat@Bilad5.changes
of this type are dependent on the materi & and are i-n tthe range of 0.1 per
cent up to several 100 per cent, based on the starting | ength. The degree of
ductility, i.e. the capacity of materials to plastically, i.e. permanently,
5 deform under the effect of nmechanical stress nay be determ ned or

descri bed by, nmechani.cal, tensi .0r _pressure testing. For. determ ni t he
ooree of duRER POREY Hargr ot TS DiFRg oA EPedet o B woierial S &% Bohe: | o
sanpl e is proaduesr i hemdnbtp PRt 00 Perken@BSRA D8 he sthiting T@Ybe, for 10
exanpl e, a cylrndrical sanp?e whi ch, hal fway along its length, has a
reduction in diameter of approxinmately 30 to 50 % over a |ength of

approxi matel y, 30 to 50, %. .the total s le. Length.. The.tensile nple is
Fed T a 1135 feprihoh el ik Pe i nl AR SR oot d Ry meen e
tensile testidgmimebim@e dRBOLN nRERGAES sBES mhf beald@fhinf &vVeseaBPbyt he
sanpl e over a measuring |ength which is approximately 15 10 % of the overal

sanpl e | engt mechpaicgl wnsilraaressestientingal testing. These sensors allow the
increase in the length to be followed in the selected neasuring | ength
during application of a nmechanical tensile stress. The stress is increased

until the sBspPi&edniititkUhedegied of iRichligshy feninteeiihg What RerefhindlioR adal engt h
is evaluated using the stress-strain recording. Materials which achieve a

pl astic chantfasiiensaeplgtip rsedused dgom ethe tmaenalogo he gpsessadaridemsy bd. fohi s type
ill b |1 tila:.l h j i fi iLon. | ly it
% g0 [BssEmE L Gobi WRkln, Rar AL SoBOR b b e diRIR 1 Y

diameter to tiahelchessppratintdy 3apPE0%4 6odre ¥ngh bf ap@om@d@aﬂimab sQoppressi ve
stress 25 in a comrercially avail able pressure testing machi ne. Pernmanent
def ormati on BF tofd sample dengthe afhes densile el ds ifixed ninsa diges glsvige| of ant er
application gf t | r IV -1 €SS e _pressure
has been reIgggggngﬂgﬁgaéﬁé%ggﬁgga%@%%J%%ﬁggﬁﬁﬁld@g%ééiﬁﬁm e&%§%%e gr to

t hi ckness r airstlled oh hecraghpf theisamgit everanachsuriddtedpihawhicitid appracifiasale a

plastic fSh an%: ‘V?fc)f ?};[e cl)v%?aslf sa?ﬁp]l'e (lénigtril, %ettb?es Elctl?i];l él?éh%n{[cglpt%st?r{g? These sensors
allow the increase in the length to be followed in the selected measuring length
during application of a mechanical tensile stress. The stress is increased until the
sample fractures and the plastic content of the change in length is evaluated using
the stress-strain recording. Materials which achieve a plastic change in length of at

20 least 0.1 % in an arrangement of this type will be called ductile in the context of this

specification.

Analogously it is also possible to subject a cylindrical material sample, which has a
diameter 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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30 also called ductile in the context of this specification. STA 218

(Ausl andstext) 8 10331785. Fine ductile alloy powders which have a degree of
ductility of at least 5 %are preferably produced by the nethdePHd88r di ng
to the invention. According to the invent§on the capacity for conminution of
alloy or metal powders 5 that cannot be conm nuted further per se is

i nproved by the use of nechanically, nmechanochem cally and/or chemcally
acting grinding aids whi ch are purposefully added or produced in the

grinding pr 0GESS, uctlle fgﬁ&%gﬂso\?ﬁl@ﬁql ave f & ?Sehgp Bucgéi olf §t

chem cal "desire

changed over@kéfe@blymédmaegdmamemo@uaia)rdlh@toﬂlhemhﬁ@esm ng propertl es, such
as the 10 sintering behaviour or flowability, are inproved. The nethod
according to the invention is suitable for producing a wide variety of fine

metal, alloy {Repldh &’)Sthé &@?Fﬁ% SQ{P% %opﬁ&ﬁnﬂﬂ{tﬁ)b%f%ll%gf‘g{egap pgtrk%ex%f at

nmost 25 m xanp oy or conposite po

conposi ti on cledt rcasgo k@i deghrhidutell dunhidraper sé liy impréveBby Chekide2dl mdohabiRalbit ai ned,
wherein A represents one_ or nore of the el ements Fe, Co, N|, B represents
one or nore 6‘?“{5‘ g?‘@}?ém’ andjor gpemivally esting\gindige Nids Which are purposefylly e

Be, Au, Ag, r ’ | ement s
o 20 aedf e P e Blng ol RET R FTRRCAP R Sy I o
rare-earth’ nehahheahdnhmifdameamdnbomndftafduipewﬁﬂnhempaghmabymm&hght,
wherein 30 h J, and _k i.n_each_case indepe dentlg of one .anot her represent
0 to 100 % by:hanged overall or influenced even such that the processing properties, such as the

10 sintering behaviour or flowability, are improved.

The method according to the invention is suitable for producing a wide variety of
fine metal, alloy or composite powders with a mean particle diameter D50 of at most
25 pm.

15
For example metal, alloy or composite powders of a composition corresponding to

formula 1

hA-iB-jC-kD M
20

may be obtained, wherein

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

o]

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, 1, j and k indicate the percentages by weight, wherein
30
h, i, j and k in each case independently of one another represent 0 to 100 % by

weight,
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wei ght, STA 218 (Auslandstext) 9 with the proviso that the sumof h, i, |
and k is 100 % by weight. In fornmula | preferably 5 A represents one or nore
of the elenents Fe, Co, Ni, B represents one or nore of the el &85V, C,
Mb, W Ti, Crepresents one or nore of the elements My, Al and D represents
one or nore of the elenents Zr, Hf, Y, La. 10 10331785. h preferably
represents 50 to 80 % by weight, in particular preferably 60 to 80 % by
weight- i preferably represents 15 to 40 % by weight, in particul ar
preferably 18 to 40 % by weight. j preferably represents 0 to 15 % by

wei ght, in particular preferably 5 to 10 % by weight. k preferably

represents Ovfifh the fpoRisoWRAtSRE sunh Bf PAI f4rdW 8100 ¥obpieigiably 0 to 2 % by
wei ght. The netal, all oy or conposite powders produced according to the

invention are distinguished by a small nean particle dianmeter D50. The mnean
particle dia I Qi referably at nost 15 m determined to ASTM C
1070-01 (magrgioﬁrﬁ&]a%e%%ap@'r atus: Mcrotrac(r) X 100). By way of exanple
powders whi ch al ready have the conposition of the desired netal, alloy or
conposite powder may be used as the starti ng@gowde.r. In the nethod

accordi ng to/t he revyesspisone Rpmeveet the elementsifeoCpol¥si bl e to use a nixture of

several 25 stBarti E&)r%%}qﬁ%rng 0}091:0949105@%7\933{#%?@% SlLir ed conposition after

suitable selectio he " m XI'n cofposi tioh of the produced
metal , alloy®@r cespeshisenepowdes oMby cRhfeatsidg] Afdndenced by the choice of
grinding aid, if this remains in the roduct._ 30 Powders with spherical or
irregul arly $hapedlsaienisOnesT B ‘afthﬁéﬁmﬁa?s@rcﬂ@ Yilaweter D50, deternined
to ASTM ¢,1070-01 of greater than 25 m preferably 30 to 2,000 STA 218
(Ausl andst ext)

h preferably represents 50 to 80 % by weight, in particular preferably 60 to 80 % by

weight. i preferably represents 15 to 40 % by weight, in particular preferably 18 to

40 % by weight. j preferably represents 0 to 15 % by weight, in particular preferably

5 to 10 % by weight. k preferably represents 0 to 5 % by weight, in particular
15  preferably 0 to 2 % by weight.

The metal, alloy or composite powders produced according to the invention are

distinguished by a small mean particle diameter 1350. The mean particle diameter

D50 is preferably at most 15 pm, 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 pum, preferably 30 to 2,000
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10 10331785. m in particular preferably 30 to 1,000 p.m are preferably
used as the starting powders. The required starting powders- may be
obt ai ned, for exanple, by atom sation of 5 nolten netals and,lU3817&xcessary,
subsequent screening or sifting. Accordily to the invention the starting
powder is firstly subjected to a deformation step. The deformati on step may
be carried out in known devices, for exanple in a rolling mll, an eddy
mll, a high-energy ml|l or an attritor or an agitated ball mll. 10 By

suitably sel ecting the, process, engineering paraneters, in particular as a
result of tH& & %@‘E‘t“m@wp Pﬁ%%%ﬁm g@lto g‘téd@sg’é’s A PEAe, '?lé’ WS e ATtBe achi eve
plastic defogdder@n of the material or the powder particles, the individual

particles are defornmed, so they ultimately have a flake-like form the
t hi ckness of the flakes preferably being 1 to 20 m This may take pl ace,

f l e, -of f st N 1. h 15 mll. b
tepeat od’ st 1 BRL g sactid PISYER gpfeecibifl, dor BupRERT Ry oo Bssi ve
grindi ng 3 n Rplt&sstals dnld, FhedesSiriDuBYRutht)scre@hinBr SifigYbi nati on of

percussive and frictional grinding, for exanple in an attritor or a bal
mll. The high material stress during this deformation may lead to

Fol low ng. st APCRGE R Rt R M ™ DokabficBle deHBRA oi'ca
fast solidi fgatTHRIdisaeEsh Seplinyy Bk sorried dus &l kh@Wn dBViE Cortkafipld a OF

"fl akes". These, |ike the nmechanically produced fl akes, are then suitable
for commi nut fodipggmilhdiorrgidy aridl p hégh-eedrgxvmill o vn @ttaayias én; agitaied diallimidl.

condi {1 ole opk ST S P opely Bafic AL PRIRR TG o0 B8R 1 OF

abr asi on andthereffeeradit hehgnidhlt Hreooey Getichodre RufIcixge fo adtiev@Spladieldef@mafiossi bl e
and below the critical value for the application of the product or are

within the epbenatar powepervdorparticles. theindiidyal particlgy forpgd, so they
(Ausl andst exﬁl}in{a}ely have a flake-like form, the thickness of the flakes preferably being 1 to 20

pm. This may take place, for example, by one-off stressing in a roller or a hammer
15 mill, by repeated stressing in “small” deformation steps, for example by percussive
grinding in an eddy mill or a Simoloyer®, or by a combination of percussive and
frictional grinding, for example in an attritor or a ball mill. The high material stress
during this deformation may lead to structural damage and/or material embrittlement
which may be used in the following steps for comminuting the material.
20
Known molten metallurgical fast solidification processes may also 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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10331785. This is possible for exanple by suitable selection of the grinding
container and grinding nedia materials and/or the use 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 net HOa3 b&or di ng
to the invention the flake-1ike particI]és are produced in a fast
solidification step, for exanple by what is known as "nelt spinning",
directly fromthe nelt by cooling on or between one or nore, preferably
cooled roller(s), so flakes are directly fornmed. 10 According to the

i nvention thag;fl j {N n ot r ' : are
subj ect ed tgﬁ'l é%) o ﬁﬁ%ﬁlgﬁogr@%ﬁ lﬁgﬁ( %ﬁ{atg %e%%lggs@hgﬁrﬁ?ggo%%ﬂﬁg%ﬁ&% he
particle digmdirgr mediapaateiidt end/hi dienes ofrgasdsddhdaryesoxigatiomeemyd paiding| es
with a particl di ter to particle thjckness . ratio of 1:1 to 10:1 usually
bei ng obt ai r?é‘&%éﬁléﬁ Eﬁﬁﬁ‘q ProfEdidle oaiegts uﬁ‘«‘:’gg{é“s‘ﬁf‘é‘?ﬁflaﬁlﬁﬁﬁteﬁarti cle di ameter

of at nost 25 .mis adjusted without 15 particle agglonerates that are
difficult to comm nute occurring again. Comm nution grinding may take pl ace
for exanpl e Inm partieulhr, erhbrdiinestt eintbe nzathodeaeenting to thiethyenpion tiad Sekd-hkdQut bet t
rolls, extruders or simlar.deyices. which brin about -materi.al shattering
owi ng to di fﬂaé?@?ﬁarﬁc?\‘/g}r“@?ﬁc[ ma?]ﬁ“@?‘ﬁ@ﬁcaﬁgf’éépi ﬁ’rteﬁzgn? FIREVhas s B 8t ng t o

the inventi orané}pggmﬂﬂtgf,omr&ﬂy%lﬁ%é mdebyiRdlihd ohNG BRe&N6Re QF Boredr | Ndi Ng
aid. Liquid grinding aids, waxes and/or brittle powder for exanple, may be

used as the mgeferablngpadéditolleris) b Hakeagee ditestlyfomidng ai ds may act
mechani cally, chemcally or mechanochem cally. 25 By way of exanple the
grinding aid may be paraffin oil, paraffin wax, nmetal powder, alloy powder,

netal sulgohi derdifB i@ theSiabdrfionsBé HakOfik® parables 0BGl iARKY BéfoRAtbn 48 eri al
powder. 30 Brittle powder or phases act as nechanical grindi n%@al ds and may
¢

be used, f oraregripgitdto ¢ammppatipperndngaln thy prasessnenthe dngrlindathe megticle

carbide, silj.cide. .oxid bqgr.i,de ttride or _salt powder. .By way of exanple
ot e conmi nut USRS 1BnpETsis) SHG R yRicehis” PR ABEVEE] i, &' Pinfle
diameter to particle thickness ratio of 1:1 to 10:1 usually being obtained and, on the

other hand, the desired mean particle diameter of at most 25 um is adjusted without

15  particle agglomerates that are difficult to comminute occurring again.

Comminution grinding may take place for example in a mill, for instance an
eccentric mill, but also in Gutbett rolls, extruders or similar devices which bring

about material shattering owing to different movement and stress rates in the 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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10331785. powders are used which, together with the starting powder used,
which is difficult to comm nute, produce the desired conposition of the
product powder. Brittle powders used are preferably those whi cW38bMri se

bi nary, ternary and/or 5 higher conpositdons of the elements A, B, C and/or
D that occur in the starting alloy wused, A B, C and D having the neanings
gi ven above. Liquid and/or easily deformable grinding aids, for exanple
waxes, may al so be wused. O her exanples include hydrocarbons such as

hexane alcohol m ne Ueous . The e ar r onpounds
whi ch may beP T (fw recluls‘?dS R'[CR]T g‘?@?rl%lw g‘at"a%%p%‘?’ ‘g} éﬁg§¥lﬁ§0 and/ or
whi ch may becopafinuie, poauvetie dkieid coﬁqmmlaubfﬂﬂ ;gdsadwp@\gderl t is also possible
to use specific organic conpounds which are known from pigment 15

production where they are used to stabilise non-agglonerating individual

fllakes 10 2 phbAYLL RN ONTR et s AL AnSIROTIRN  SLENdL A 21 0

are used whic react1o powder

to achi ewe t}ﬁgh@rcbﬁ@bﬁﬂoﬁﬁghesﬁznﬁﬁﬁ/}or}?’ fOand6r BdhatSkttdn thesp@tbf bBoehem cal
conposition. These may be, for exanple, deconposable chem cal conpounds, of
whi ch only o¥é 0$]#dFém%Qﬁ@WFEGB%¥§w@ﬂéS@W@hﬁﬂﬂ@d for adjusting a desired
conposition, it being possible to substantially renove at |east one
conponent or constituent by a thermal process. 25 Reduci bl e and/or
deconposabl eLmﬂrdpmldﬁﬁiSeasﬂyQitf@m%Wghddiﬁg abdsl, ders exanplp hiakes, mag alldosband
sugars are nentigned as exanples which are at |least partjially renmoved from
the grindi ngis§foPkher gxamp Bgeﬂu%bwpee Qs §HChs a fexangy aleohpdivganines or

met a!lunlqjy %ﬁﬁ&ﬁﬁéﬁl 'ﬁieé%faxfegﬁ mgm%u% eeﬁﬂﬁrwhﬁcﬂ%nﬁg%@'@e} rﬁ%itﬂye

chem cal enenting the er conp S|t|on In't des manner. 30
It is al so piiisivirigesttpradf firthegrproctissigg aind/or swhid nagde esﬂlgareato@b& dftet 1S
produced in situ, during.commnution grinding. In this case the procedure
may, for exd muH@“%%‘i‘\‘“@TA 218 (Ausl andstext) 13 10331785.

It 1s also possible to use specific organic compounds which are known from pigment
15 production where they are used to stabilise non-agglomerating individual flakes in a

liquid environment.

In a particular embodiment grinding ards are used which enter a targeted chemical
reaction with the starting powder to achieve the grinding progress and/or for
20 adjusting a specific chemical composition. These may be, for example,
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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that the grinding aid is produced by adding a reactive gas which reacts
under the conditions of comm nution grinding wiwth the starting powder while
formng a brittle phase. Hydrogen is preferably used as the r&adli’8®e gas. 5
The brittle phases which are produced dud3ng treatnent with the reactive
gas, for exanple by formation of hydrides and/or oxides, may usually be
renoved again by appropriate nethod steps after conm nution grinding or
during processing of the fine nmetal, alloy or conposite powder obtained. 10

[ f grinding ai are used. whi ch. are not, renoved,. or are. onl artially
Fempved. 1 Ponte irceuliag 2 5o GRS S LT & Fbie o P Birdo e PRy 1o
the inventi ogendifiéis AAEmnh@i@ @dingS®ite tletdartiig BokBat whiltefor@iR MbMde
constituents affect a property of the material in a desired manner, such as

i mprovi ng t hehasecHadrogen isprefprablyi used as @duesictiye gashe corrodibility, increasing
t he hardness and i nproving the abrasion behaviour or 15 the frictional and
sliding properties. The use of a hard material is nentioned here by way of

exanpl e, @hi qhe ibsitdphReS QlhidhNare Pré@IvEd idiriAg $RERGH Sth SletRadtRetdd8, R¥t ent
that the hard material may be further processed with the alloy conponent to
forma hard ewsnple byfomnatipndihadedssaandiir| axydesompp sbuadly teoremoved agdie by

def ormati on %tqg qﬂgrﬁggﬂiq%tio . Q;ndh& Oth%ngﬁjq%r%afarticles off@Pe
netal, alloy B B%np03| e 50&%8 ﬁ?&@&ce hav 8 %Yo ]ﬁbp¥%a¥ﬂg‘?n &nti on

a nean part ifigk enethl IRy chiaPosiRglonndet siggink® ASTM C 1070-01 (Mcrotrac(r) X
100), of at nost 25 pm 25 In addition to the formation of fine primary
particles, the known interactions between superfine particles can lead to

the 1or b1 of flndifl AL NE\ P RRLRGRRINRIYY, oPALS) FRGIRSRLRIEAAER) . O

whi ch the pa aneter 1S rea an the I r'ed meamn particle

di ameter of gte moal, aBby Ot colapwit potlder peduedd @rordiig® tat dsenBbh,Ahey are
deaggl oneration step therefore preferably follows compnution grinding,
during whi cRrafereblygistestadr sicasthal thepregiaing sepstidpenty pEeera PEORFTY 41 thel es

Forcoe. i t bk e 1Sed ARk, sl I o5 M BN G AR R O
t her mal st r esisesorardilfility, ycreaginmgvthe Gasippar aldi ipfpro@ygise abrasion behaviour or
15  the frictional and sliding properties. The use of a hard material is mentioned here by
way of example, which is increased in content in a subsequent step to the extent that
the hard material may be further processed with the alloy component to form a hard

metal or a hard material alloy composite.

20 After the deformation step and comminution grinding the primary particles of the
metal, alloy or composite powder produced have, according to the invention, a mean
particle diameter D50, determined to ASTM C 1070-01 (Microtrac® X 100), of at
most 25 pm.

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 pm, 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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previously introduced in the process between primary particles. The

deaggl onerati on nethods to be applied in particular are oriented toward the
degree of aggloneration, the intended used and the suscepti bi F033}78%
oxidation of the 5 superfine powder andl#he admi ssible inpurities in the
finished product. Deaggl oneration may, for exanple, take place by nechani cal
nmet hods, for instance by treatnent in a gas contrajet mll, screening,
sieving or treatnent in an attritor, a kneader or a rotor-stator

di spergator. The yse. of a.stress field, as generated i.n 10 ul t.rasound
Lreatment,  t ALrMENaRanARURE , (PaRel oSTERotTo So 65 AVUETOAVIBE  SBAHPS| BRETST a
previously i pihpfdRedistREaER | Y HRY eprob&isVeriwtde Pﬁhﬂ?fypaﬁrcﬁéspl gheby
cryo- or high-tenperature treatnments, or a chemical cornversion of

i nt roduced odegagiqmsretfian mythods tdbe epplistas garticilar ateswieptssistoael the Slegree

Deaggl oneratign i referapbly carried.out,in the presence of, one qr_nore
oo der di Shaeebrieicas B p bR frareha W RIS, oeoR 2t
conpound ©r  gupepfi @ BndMHedphiseié 68 ﬁﬁﬁ&ﬁﬂ&e@ﬁﬁéﬁ@@grdﬂué‘tﬂd 95 % by wei ght
may thus be obtained. Solids contents pbet ween 30 and 95 % by wei ght may be

directly processed by known powder technol ogi cal processes such as

i njection now di fi.l mcastin 2 atin and, hot -nmouy) dj ng, .and are then
reacted in s |e?%é)lglgcr§’f185§naaf O&reginﬂ lf%’ ?r:agF 8!’%?% meﬁhﬂ“@ﬁ?ﬂ#‘?d’?gﬁ?éﬁﬁ%}cﬁ] an end
product. A ga$ teaftidn@jifh gab tontralti bill, kSre@NRY, AlRthgUdRéatinBRt ih B3 @Bor, aUCH as
argon or nitrogen, is preferably used for deaggloneration of particularly
oxygen- sensi kneaslep ovde Faforzgatyh alisperggior. dh¢ aye of « swprsshield, pogerarateghrinduced

FC TR PRI T N IR S LT

. . a .
i denti cal " mean par rs an conpo n which

are produced gré‘vﬂiusl%“ﬁi@ﬂ@cedbs}épéﬁaﬁﬁ'g Sater Matwdel tha priaitge paftidkar by etloaror
properties. 30 The invention therefore also relates to netal, all gé or
conposi t e poRBriemprEapre tregfEgntspar 2 phamicalicapergpn pbtisduend arperposefully

det er mi ned “ﬂ&ﬂlc&h&a@@iEa%o%o%liﬁ‘le?w (Ausl andstext) 15 10331785.

15  Deagglomeration is preferably carried out in the presence of one or more liquids,
dispersing aids and/or binders. A slurry, a paste, a kneading compound or a
suspension with a solids content between 1 and 95 % by weight may thus be
obtained. Solids contents between 30 and 95 % by weight may be directly processed
by known powder technological processes such as injection moulding, film casting,

20  coating, and hot-moulding, and are then reacted in suitable steps of drying, releasing

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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measuring apparatus Mcrotrac(r) X 100 to ASTM C 1070-01, which are

obt ai nable by the nmethod according to the invention. The -netal, alloy and
conposite powders according to the invention exhibit, for 5 ed8apTss,

excell ent sintering behaviour. At low simdering tenperatures the sane
sintering densities nmay be attained as in powders produced by atom sation.
Starting from powder conpacts of a defined conpressed density, higher
sintering densities nay be achieved at the sanme sintering tenperature. This
i ncreased sintering activit is also exhibited, for example, in _the fact

that, until WERSUFAXPRRAHED AFEiReBY 180 1o ASTM ChEW 0- hevtaehhere abtaieableiur i ng
the sinteri | -lg,}a& -in conventionally produced powders.
The inventi (r)]%t{ﬁhere orée&%’l%g rg"aea%‘lgglﬂ%dg' nmetal, alloy or conposite powders
with a mnean particle dianmeter D50 of at nobst 25 pm determ ned using the
particle 15 peasuring device Mcrotrac(r) X 100 to ASTM C 1070-0Q1, wherein,
Gntil the  ribs mstlcamr 24 iCBWPP§teaP?‘éiﬁgff¥éd‘,ccctralé’gc@n‘thFa‘ét"?‘ﬁ’ﬁ’? itk fPhed
using a djl I r I %&4- 3 4 i C action
of a rret% , aéaﬁg }%gl/eeoerxtcg%er]rlgo%#tt e %E%ﬂm#é‘?ﬁw%? hlloi%ggﬁrﬁelhg glqe%‘lﬁg%ﬁg% %éeorgr%%ési tion
and identi cadinteeag dpsitidschey btk athetel as iDFOwWdeiseprpdwee bytatorhvaticnv Ssdriigat ed

bei ng conpressed to, a conpressed density of 50 20 %qf the theopret. cal
density bef of¥mtRR¥deHRAPMALLS sﬁaidsgﬁj@izgwar&.sseaménﬂ _ et éf_nﬁf'él_qg#@élﬁ%at ed
may be COmPr s abteRtddl Mk SAVSREHAD Bmpe AR PRSIATASILRIANRG RUGRY S, Such
as paraffin wax or other waxes or salt or organic acids, for éxanple zinc
st ear at e. 25isMbtoatxhibikddo Yooexangiosi the fpavitiar smtahthehmaxienuor odntcetiobyis

atom satjon and hy conparison w th i ch.the powders according.to the

i nvent i ot ha¥f&m rg\‘/‘e(‘f"n@?‘iﬁ‘t"érmﬂnﬁe | BRIFTING r RFOPESS &S ¢ HRAAT { Bfedh t hose

powder s whic n@.gﬁi(%ggﬂﬁﬁchy oveddpventional atom sation known to the person
skilled in the art_ 30" STA 21% (Ausl andstext) 16 10331785. The advant ageous

sintering behaviour of the netal, alloy or conposite powders

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
15  measuring device Microtrac® X 100 to ASTM C 1070-01, wherein, until the
maximum contraction is attained, the contraction, determined using a dilatometer to
DIN 51045-1 has at least 1.05 times the contraction of a metal, alloy or composite
powder with identical chemical composition and identical mean particle diameter
D30, the powder to be investigated being compressed to a compressed density of 50

20 % of the theoretical density before the contraction is measured.

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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according to the invention nmay al so be recognised in the course of sintering
and contraction curves, as shown, for exanple, in Fig. 7. 5 Fig. 7 shows,
for a conparison powder (V) and a powder (PZD) according to thE33i170%Eention
the course of the contraction S or the copstraction rate AS in each case in
relative units as a function of the tenperature TN standardi sed to the
respective sintering tenperature Ts. 10 The conpari son powder (V) is a
product produced by atom sation under inert conditions and with a
conposition corresponding to that of the naterlal described in anple 1
and the nor phBt dgyaniaeepps sinfsingebehaviner ghthe metalspliey @F §pmpsﬁrt€r Bﬁwrioso

appr oxi mat el b e

(PzZD) accor |C§Sﬁ?%1t he #ﬁé’%ﬁ%ﬁ %goggé re\%g%ﬁ rodthge%} accord Ir{{r%gng%gxanpl e
1 with the dﬁnﬂmn@hohogyasﬂhumtﬁakednph Engg‘B and an oxygen content of 0.4
% by weight. After mxing wwth 3 % by wei ght mcrowax as the
conpression-facilitating additive powder conpacts were produced fromthe

two powdeq s r i YA e of
400 Lo 600 bl *HREVE BT QL pN e G e il AN L GRTRIET The
t heoreti cal dwnsmmy theTtomse ccfohmamttmoﬂm 8 achocditraglign ra¢ AlSenedch n@keundual |y
in a dilatoneter to . DIN 51045- protectlve ga d|t|ons and using
argon as t hefSHBEeYils@gsa P tSmP%HaEH‘E)f Naﬁﬁ?‘fﬂ fQ fhenrespective
(correspondi ggitig D¥urefrg 10-4 *Ts/mn, where Ts: approx. 1,600 K) took
place in the pro%ess The push rod of the dilatoneter does not exert any
pressure on the 25 sanple which supplies a nmeasurable quantlty for sintering
contract n &ggthe t.enmper at ur ran e that is. of interest for nt.ering

.5

(appr ox. COBPAHITOROWEETg Prﬁ@u%r@aﬁrcedprséégqmraatandur TPl [ed to
a tenperat ur go0fiti HRRLG Wi &nip cgltfb'i_l con-gﬁaondﬂéero Ut loglthesth{iﬂ:ﬂﬁl' d¥crifedGR S S

takes place thereafter by further heat | at the sane 30 heating rate from
approx. 0.5 FEsampleapprdothe morpBoldgy oSihis ﬁQ@d@Aﬁhb @mis:teesqz@ dis#ibb08s811288. The

advant ages of the PZ owder lead t follomrn. at| o]
ipeonibtapding St SRR R e SR R R g g S A )
purpose, the,s@eithg &flthet 1ﬁ{féTﬁlonVY9 'acﬁbvﬂie} PYbdRcHE Q&fo?dmg & @&h.tﬁblcoﬂ with thie

sinteri Ng pProcesses, shal | first
15 morphology illustrated in Fig. 6 and an oxygen content of 0.4 % by weight.

After mixing with 3 % by weight microwax as the compression-facilitating additive
powder compacts were produced from the two powders in a compression mould by
applying a single-axle pressure of 400 to 600 mPa. The green density was in both
20 cases approx. 40 % of the theoretical density. These compacts were accordingly
sintered individually in a dilatometer to DIN 51045-1 under protective gas
conditions and using 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 Ts).
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 Ts to approx. 0.99 Ts.
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introduced: 5 V PZD T90 and T40: tenperatures (in standardi sed units
according to TN = T/Ts) at which the two sintering bodies, at a heating
rate of approx 6 * 10-4 * Ts, have attained a contraction of 8&3998%ased on
the sane final contraction (= 100) attaipgd. 10 vT10 and PZDT10:
tenperatures (in standardised units according to TN = T/ Ts) at which the
two sintering bodies, at a heating rate of approx 6 * 10- * Ts, have
attained a contraction of 10 % based on the sane final contraction (= 100)
attained. VTl and PZDT1: te eratures SI n standardi sed units according to TN
= T/Ts) at 7The @mraeF@gsmf tho ammerk@ %meégllmamg@bmatmg aﬁ‘éi‘ég@ﬁméppr ox 6
* 10-4 * Ts, f () h nal
contraction f'n qggs%t&f)%hft ﬁ%c (Ip(())ﬁ Fé% aﬁz/th(R Oéef E}rlre}s)ggr@frﬁéries.
VTnmax and PZ@Hmehithewai péregal (debeription daithld slﬁf&nuglp&&eié‘ds,—shﬁllﬁﬁtlyabevvhi ch
the 20 maxi mum contraction rate is reached. vS(TN), PZDS(TN): contraction as
a function ofntoducek andar di sed tenperature TN. VAS(TN), PZDAS(TN):

t enper at ug e- dependent contraction rate d(S(TN))/dTN, 25 determ ned fromthe
contraction curves to be conpared vS(TN) and PZDS(TN) 'S.,,., and PZDSmax:
maxi num val uéTgfand Bilbact i otenipatasres datsemtindidd bniomadcbaiispnt Tiastli/Ge) aur ves
derived according.to tenperature VS(TN) and PZDSETN). 30 The, foI | om ng

general pr odiichpthg Jasior 1atering hopiespafngl deating e Qf ApPIes & Belfnyehvine are

(el andst oxEyg { BARAREIS! 0A s PRERGRLTHON OR-FANS T 1R,

10 VTw and PZDTm: temperatures (in standardised units according to Ty = T/Tg) at

which the two sintering bodies, at a heating rate of approx 6 * 10™ * Tg, have

attained a contraction of 10 %, based on the same final contraction (= 100) attained.
v | 4 . : : : : —
Tyand PPT): temperatures (in standardised units according to Ty = T/Ts) at
15  which the two sintering bodies, at a heating rate of approx 6 * 10* * Tg, have
attained a contraction of 1 %, based on the same final contraction (= 100) attained.

Contraction starts at these temperatures.

VTmax and PZDT,W: temperatures (in standardised units Ty = T/Ts) at which the

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

VAS(Tw), PZDAS(Tn): temperature-dependent  contraction  rate d(S(Tn))/dTn,

25  determined from the contraction curves to be compared ¥ S(Tw) and FPS(Ty).

VSmax and PZDSma,(: maximum value of contraction rates, determined from the

contraction curves denived according to temperature VS(Tx) and PZDS(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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5 PzZDS max (PzZDTmax -PzZDT10) (PzZD PZD Tmax - Ti) PzD PzZD ( T90 - T10)
(PzDTso - PzZDT, ) 10 > (VInmax - VT10)! VTmax (1) < VIimax (1l) vTlio vT 1V
'max (VImax - VT10) (V max - VT1) > T > (VI90 - VT10) > (\VT,,1033Y78)3.
10331785. The foll ow ng conclusions withigespect to the different behaviour
of powder (PZD powder) produced according to the invention and conparison
powders produced by conventional atom sation nay be drawn fromthese
i nequalities: 15 - The sintering range for PZD powder is w der. The
tenperature g mhlc eont.r ctlon begi ns, at, whigch, based on identical final

contraction, ( tThm)é Tnnal ¢ont ré@fmaﬂn Te) Gkdsai ned afld at which
contracti on e | ns its maxi mum _is |l e I n PZD powders. )he peaks of the
contraction rat8% obtained fromthe staﬂadardi sed ill ustra | on 20 of Fig. 7
nean that PZBPpgyders have a | ower coltpaction rate at PZQnex than the
conparison pgpder at VTnax. v
T < T, (IV)
5 PZDS < VSmax (V)
(“PTmax— " T10) > ("Toax- ' Tro) (VD)
(T " 1) > ("Tog- "Tio) (Vi)

10
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:

15 - 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

20 of Fig. 7 mean that PZD powders have a lower contraction rate at Pz DTmax
than the comparison powder at * Tpax.

- 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

25 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

30 which 90 % of the final contraction is attained is greater for PZD powders.
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The initial tenperature range up to the contraction peak is wder for PzZD
powders. The tenperature range fromthe start of contraction up to the

maxi mum 25 contraction is greater for PZD powders. The tenperBH33i@85.ange
bet ween the tenperature at which contract9on of 10 % was attained up to the
tenperature at which contraction of 90 % was attained is greater for PZD
powders. The tenperature range fromthe start of contraction up to the
tenperature at 30 which 90 % of the final contraction is attained is greater

for PZD powd STA 218 (Ausl apdstext) 19 1033178 ese statenments relate
to single- phié‘“esesftta&?lp?rﬁ@ redptg e singfe-phise soriing dates f ft}?epf?é\’/%ﬁi Inithe,evéfbere are
further phasas: iRte k! fuftfertihSsds HHHRIK ihEDequbliito(1 IUGe tPalRlayeys be

nmet together, 1n peartl cul e<'§|’Fmvsersy hi gk? cont ?‘gctlllon(é (}(ggjnaye oc?:ur\y?)g?:al ly on
PZD powder mtrmﬂsram partiedarl terphighacenteotion raenteyicrguakicalaondiED of

| i qui d phases whi ch rates const tute a further advantage .w th respect to
processi ng caﬁ‘é{@?& Spmbagis, s, Bresunel paHEHRE Ginrng, e ivaRERIP] LAWE PRFFS . (1V),
(VI11) angd (Lfichl sardn@ddsBfhied filtthet RliSartARCwah ¥Bhdct td Fﬁoé@hﬁg,cagb&gy and
conposite powders according to the invention are 10 distingursh owng to
a parti cul ar Hoswevérctte vabidiphof dwyinequatitieo(h (e, t(Vd:ﬂI)salsiJﬁ{Kactseunaf&c‘edvar by
out st andi ng glorrpresm Oﬁ behavi our and, owing to a conparatively broad
particle siz€"YFEEAT BGti on, by high conpressed density. This manifests
itself in that conpacts rrade of atom sed powder have a | ower bending
strength, under otherw se identical production conditions, than the

conpact s nmaddhef mstahdalley 15ndac@€lmlmsrtg powdére agppeding ote ahel wvehtlmrhearsarre

chem cal . co 0|t| and. ize A.further nment in
She comi Lo BaTinglitsr BiinEiag rafRbls: Ao ByR SRRy SirHoREE PR GTHARS g 1
to 95 % by Waidgtve® %utstﬂ{du‘i@’ c@ﬁapre@ﬁﬂﬂ?%héﬁo&o&ﬂﬁroimﬁg Q@réj b&ﬁgﬁ@tl@é‘l?

i nvention and 99 to % b ght at om sed povvder are used

broad particle size 1str1but10n by high compressed density. This manifests itself in
that compacts made of atomised powder have a lower bending strength, under
otherwise identical production conditions, than the compacts made of powders
15 according to the invention and with the same chemical composition and mean
particle size D50. A further improvement in the compression behaviour may be
achieved if powder mixtures comprising 1 to 95 % by weight metal, alloy or
composite powders according to the invention and 99 to 5 % by weight atomised
powder are used.
20
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  diffuston 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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The sintering behaviour of powders produced according to the invention may
al so be purposefully influenced by the choice of grinding aid. Thus one or
more alloys which, owing to their |ow nelting point conpared 1@3fR85.
starting alloy formliquid phases durin@0heating which inprove the particle
rearrangenent and the material 25 diffusion and thus the sintering behavi our
and the contraction behaviour and thus allow higher sintering densities to
be attained at the sanme sintering tenperature or at |ower sintering

tenperatures.the s sinterin nsity as may be achi eyed w,th the
co%ar i son p&'\lfg raélfalg’e o1 Héeé% %Eoyt ?{e‘%ﬁ}ﬂoﬁ%ﬁ ﬁ%w‘ieir%l ?‘Cceﬁﬁ’f’rg (e ¥aighposabl e
conpounds, OkhoWRi £ BrdfA@atlRr QFPRShT | reflexts Ofbigiated hiith BhRybaTickedTREAR! 48!

produce 30 |iquid phases or phases with increased diffuSion coefficients
whi ch faci | i phtameddonpewdes oith thepame seeab paticbaidiagTitr 208 thersaicacigntientt ) 20

10331785. X-ray anal yses.of the nmetal, alloy or.conposit.e powders according
to the invenf ?%ROS@F%W%.hmp"V%ﬁé’g?ﬂl?egra]byo?m%lﬁaégn'rgfel Igg% ahB’ﬁE%&%%‘_’W?‘i‘?ﬁx- ray
refl exes §habyaheprophdation ot hhBTwiBMMOEEEIM thé hAlR evigBeBf fRAX-rRAfdflckéLardi amet er
and the sane chem cal conposition which were obtained qlgi/ at'om sation. The

propagat i on Pordestethdy rateeigr 5 bS.t Hes iy epvserhby dbe wechanical giressedstatedwdl |y t he

half widths gf the X-r refl exe I pf: Qpagat by a factaor > 1.05. This

i s caused by%%eh%arﬁrcalg%atﬁ%{g)éﬁ{egﬁ 8@52%&5 alg%agfm%g%sel%’péﬁ&iéﬁsa,m‘f%tg i stence
of a higher diisd acatid aBnilergigeyand te clb@lli BaBaRIhd PaitRRs. HPkHedcdsd drhe
atom c range, and the crystallite size in the particles. In the case of
conposi t e poweEpesitey| payyderanddley- prrskess spiogersdadicsth aphasegc geur ning hide10

con pasical poydersr : : o
i ' phide. SRPRRERR ol el [Eu; SRRRAMPASE Ml Ky R B R e,

The net hod agbasetivhightphadebare sipefiédnd forahd eoBrapi@dpropérgits.of netal , all oy and
conposite powders, in which oxygen, nitrogen, carbon, boron and silicon
contents 15 are purposefully adjusted. Oxide and/or nitride phases nay form

in the case g;he 1111@&159%8{};’% ng Ct).?é(%ﬁ%ﬁ:;ﬁtigﬁ dols 9 ggucgign%f‘ Wit aRby G hi gh

application ener gy. type ma sirable for specific
appl i cat i ons campbditypovelerd, éadvliich ositgeritrbgen, rarboh, @b e nhdlsilicbhicentehfsect 1s
known as the "particl e dispersian, . )
15  are purposefully adjusted. Oxide and/or nitride phases may form in the case of
introduction of oxygen or nitrogen as a result of the high application of energy.
Phases of this type may be desirable for specific applications as they may lead to
strengthening of material. This effect is known as the “particle dispersion
strengthening” effect (PDS effect). However, the introduction of such phases is
20 often associated with a deterioration in the processing properties (for example
compressibility, sintering activity). Owing to the generally inert properties of the

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

sintering-inhibiting effect.

25  As aresult 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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strengt heni ng" effect (PDS effect). However, the introduction of such phases
is 20 often associated with a deterioration in the processing properties
(for exanple conpressibility, sintering activity). OsMng to the33geggerally
inert properties of the dispersoids withijrespect to the alloy conponents,
the latter may therefore have a sintering-inhibiting effect. 25 As a result
of the comm nution grinding to be carried out according to the invention,
sai d phases are imredi ately superfinely distributed in the produced powder.
The phases forned (for exanpl e _oxides, njtrides, carbldes borldes) are

t her ef ore nudhe PHRSEFING H@ngﬁ&f ﬁ‘?ﬁﬂg thealloy| andgosinasie pewders 2CHT wsttm

all oy and COFH;O%‘;C?IOIPOMeé ‘ﬁ Qhir&sioRead V ﬁ@ HeRARour

conventi onal producéd powde s 0 again s to |ncreasea3 Sl nter| ng
activity conpgmedy bt prodéssigetie inetal rporvaléuqucthmhmsalshrrgf (MBd), ssdnmey-kased. STA

218 (Ausl andstext) 21 10331785. The processin roperties of the taI
al l oy and coﬁgﬁﬁ“ﬁdﬁ&f afingapey &eﬁgeerapr%fﬁ%%v%\/@ﬁtﬁ addpe 65?5%1 eyt he
conpr essi on 8f‘é"brﬁﬂ>d?;§t€bb@&ex@%@ﬁ«)@n%ﬁally%}gdﬁé%& mgfgg%la}% fﬁ;nalggt%_esm ng by

netal powder i1njection nmoulding (MM, slurry- S or tape
casting, may often be inproved even further by adding netal, alloy 5 or

conposite powders conventi.on roduced i n patticular at om sati on. The
i nvention thﬁﬂ‘éf’&’teﬁtl%ﬂ re]f%rr:ghs&re (P RYYiuEsS C(’?gﬁ’t“ﬁl’%l 19 939)133’53‘531%"8 3wei ght

of a netal, pRidiom oﬁgﬂﬂﬁlﬁ%&w&%daﬁdtogg %0byP willdhY ot edtiveRfiorlly

convent i onal 'y produced netal, alloy or conposi t'e powder. 10 The mxtur es
accor di ng t optddec¢dmetal, |abﬂyplr@2’mpcahbyowdm ain 10 to 70 % by weight of a

nmet al , ahl[)oy or conposite powder according to the invention and 90 to 30 %
by weig of a conventionally produced netal, alloy or conposite powder. 15

The conventi qRakli¥tRisQdbsamhg B R mvaﬂnhcwpreferm&ﬁmhqo%w@% b@r%@él@l'dfg to
the invention is preferably a powder which has been produced b

y
at oni sat i on. aThelalg eheeat p@naq)snty poveieneecdrdrng 40 theainveytianr ansoPhh s B &0 hywder

m-ait B?\ée Rﬂh)e(t %f%g 08? C(Elﬁlegla ona‘flyryr)gdsucecll ‘[a{i1 llto?feor I(::)gmp cl’tvédp%gvdgont ained in the

15  The conventionally produced metal, alloy or composite péwder according to the

invention is preferably a powder which has been produced by atomisation.

The conventionally produced metal, alloy or composite powder may have the same
chemical composition as the PZD powder contained in the mixture. Mixtures of this
20 type are distinguished from pure PZD powders in particular by a further

improvement in compression behaviour.

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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20 type are distinguished frompure PZD powders in particular by a further

i nprovenent in conpression behaviour. However, it is also possible that PZD
powder and conventionally produced powder have a different chédBtals.
conposition in the mxture. In this caseZhe conposition 25 nay be
purposefully changed and as a result specific powder properties and
consequently the material properties nmay be purposefully adjusted. The
foll ow ng exanpl es serve to describe the invention in nore detail, wherein
t he exanplgé arelintended to facilitate understanding of the principle
according t o -FHBP*30 jnvention and are not to be understood as a limtation
thereof. STA 218 (Ausl andstext) 22 Exanples 10331785. The nean particle

di aneters D50 given in the exanples were determined using a Mcrotrac(r) X
100 from HonEyawelepn pytislepdiamgtensiPRf Givayyip- e cxsmpleampire detepmpiedorsing(#) 90
type all oy -1 S ans on i conposition

Ni 20Cr | GQZ%IPE%%IRV\@? fg(}s/né Oélgy‘?/?clﬁé @?%‘t&l’ %%Gf%)gﬁ\gd@r?bt@he all oy 10 powder
obt ai ned nas screened between 53 and 25 p.m The density was approx. 8.2
g/cnB. The starting powder had substantially spherical particles, as may
clearly be Ezampled Fig. 1 (scanning el ectron mcroscope i mage (SEM i mage)
magni fied 300 tinmes). 15 The starting powder was subjected to deformation
grinding in a vertical agitated ball mll (Netzsch Feinmahltechnik; PR 1 S
type), so tha Nimghio@l by tspbedliogamepastbingdedSby ansdniedf htahneahd keith ahes. The
followi ng paraneters were used in particular: Ginding container volune:51

20 Speed of FUBRRASIUSH: N@@Q%ﬁﬁ@--‘rﬁbéﬁér@ﬂ pgr %Sp@édf:@?isg rﬁo_é"’qgél Fhe allpy ng: 80
vol . % (byy k %&ﬁ%&&f%e%ggasbs%weﬁéd filadl 59 a5 Al 9he HRh&L @hs &&Q&%ﬁ DIN

1. 3505: appr
glem’. The starting powder had substantially spherical particles, as may clearly be

seen in Fig. 1 (scanning electron microscope image (SEM image) magnified 300

times).

15  The starting powder was subjected to deformation grinding in a vertical agitated ball
mill (Netzsch Feinmahltechnik; PR 18 type), so the originally spherical particles

assumed flake-like forms. The following parameters were used in particular:

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

o Circumferential speed: 2.5 m/s

¢ 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)

¢ Ball material: hard metal (WC-10Co)

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

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

30 ¢ Solvent: ethanol (approx. 2 1).
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wei ght Cr, approx. 1 % by weight C approx. 0.3 %by weight Si, approx. 0.4
25% by weight Mh, < 0.3 % by weight Ni,< 0.3 %by weight Cu, remainder Fe)
Ball nmaterial:hard netal (WC-10Co) Ball dianeter:approx. 6 nm (03t1aB5.nass:
25 kg) Originally weighed in quantity of 28owder: 500 g Duration of
treatnment: 2h 30 Sol vent:ethanol (approx. 2 1). STA 218 (Ausl andstext) 23
10331785. Fig. 2 is a SEMinage nmagnified 300 tines of the flakes produced
in the deformation step. The high degree of material deformation, which was

caused by the, specifi rinding treat ,,. CO red with the starting
powder nay b?‘%egn’.s aéﬂgggnilgf ?‘W@“@%ﬁ:@ﬁ:ﬁ@?ﬁ%?ﬁ& rﬁk@? ipé?‘ﬁtcé‘ﬁ Atk the
formation) NMfRINEREHERITHE High §QB& of RatGR e iHraQbn, STHiBHWVAE - NRSI bhaR
carried out. "hat is referred to as an eccentric vibration grinding mll

(Si ebt echni k sehi; gEBNing2tpatmienty ¢dmeparal [vali e tanieres powdery inmeye be nsgen.

par anet ers used: .&indin ntaj ner, vo ) operated .as a satellite

(el amet or - 20 TR S eI 08 5 RleRal il g ) B Sl FR s P or ure. o
the balls} Ginding container material:100 Cr6 (DN 1.3505: approx. 1.5 % by

wei ght Cr, approx. 1 % by weight C approx. 0.3 %by weight Si, approx. 0.4
% by wei ght Kfpmmingtign gringdingewghtthen careied o®t-obhay ise¢igtred Gu,asramra¢asdieic Fe)

poder 150 o ‘arri wgr b ) SaPkEhiR Ll Bl SR T ORom e ¢

engineering parameters was used:

10 ¢ Grinding container volume: 5 1 operated as a satellite (diameter 20

cm, length approx. 15 cm)

e Ball filling: 80 vol.% (bulk volume of the balls)
¢ QGrinding container material: 100 Cr6 (DIN 1.3505: approx. 1.5 % by
weight Cr, approx. 1 % by weight C, approx. 0.3 % by weight Si, approx. (.4
15 % by weight Mn, < 0.3 % by weight Ni, < 0.3 % by weight Cu, remainder
Fe)
¢ Ball material: 100 Cr6
s Ball diameter: 10 mm

» Originally weighed in quantity of powder: 150 g

20 ¢ Grinding aid 2 g paraffin
o 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 pm.

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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G i ndi ng atnosphere:argon (99.998 % . After a grinding duration of 2 hours
superfine particle agglonerates were obtained. 25 Fig. 3 is a SEM i nage
magni fied 1,000 tines of the product obtained. The caulifl owet(3Bi1RkE.
structure of the agglonerate (secondary particle) may be seen, the primary
particles having particle dianeters of nuch I ess than 25 m 30 A sanple of
the primary particles or superfine particle agglonerates was subjected in a
third nethod step to deaggl oneration by ultrasound treatnment in isopropanol

in STA 218 (Ausl andstext), 2 0331785.. ul trasaqni c. device TG 400 (Sonic

U traschal | afft éﬂfé‘??ﬁﬂ’ﬁ 2 %ésfq%n@%’éc a(ﬁlﬁﬁﬂ"{h@@mﬁ?gegba%%ﬁﬁhﬁﬁitm& to

obt ai n separﬁﬁﬁﬁeﬁtlsmmaaﬁﬁ&h%@értoT&!ﬁaiﬁééﬁak&%&ﬁ%m@ﬁh%léibutl on of the
a

deaggl oner at ed sanpl e was determ ned using crotrac(r) X 100
(manuf acturer: Honeywell, U S.A) to ASTM C 1070-01. Fig. 4 shows the

ticle size, distribution.th i.ned. Th 0_val f the starti
D e e e e AR AR S bR et RS TR P et oY g
to the isvenfitdftac@®@X THe (hatEhdhed MMRHMVellYUS AR th _rpegwr@nm@bﬁsmgwm

conmmi nution grinding were subjected in an alternative third method step to
deaggl oner at sswshthet pastaglersive distriqutiopnthus orttgingdet Thei PEO anltiesefbdeqiiarting

ul trasound treatnent j.n isopropanpl i an _ultraspnj,c .device TG 0.(Sonic
U traschal | aRt eér%aguﬁtod‘}ﬁﬁ? att gffﬁ*%e%Po el :]’ré& o‘&%ﬁ?ﬂf&ﬁgﬁ%@%ﬁ@ e size
was agai n detiehifdpgenusi ng a Mcrotrac(r) X 100. 15 Fig. 5 shows the

particle size distribution obtained. The D50 value was then only 8.4 pm
This proves the possibility of further increasing the fine fraction in the

powder odygced accordin 0 the.inventi b i gh- ener. ost.-treat ment .
a6 shbwe E e ilag et ot Frths Phisfbsrirot AREMStPORA N cat ron
in 20 the gaghieest magehltdhdtive tBird wedthgl sbp t@bbRokR@RdmBy Mehtieasin b 1S

accordingly possible to gbtain alloy powders with even narrower particle
si ze distri b&2y eANtraeo Mil)| e sybseqpéy sultrasgiindpFeaent ip ispRropaed e an

| ndust i al |y, and., 80 9RO O | bARLAY Bl b AU CahAE | 9, Archnpar af i n
may be renoved during powder netallurgica
maximum power. The particle size was again determined using a Microtrac® X 100.
15  Fig. 5 shows the particle size distribution obtained. The D50 value was then only 8.4
pum. This proves the possibility of further increasing the fine fraction in the powder

produced according to the invention by high-energy post-treatment.

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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25 further processing of the alloy powder by thermal deconposition and/or
evaporation and nmay be used as a conpression aid. 30 Exanple 2: Production
of Fe24Cr 10A11Y superfine powders using mechanical grinding aggswshout
changi ng the conposition of the startingpspowder STA 218 (Ausl andstext) 25
10331785. 500 g of a spherical starting powder of a Fe24Cr| OQALlY alloy with
a nean particle dianeter D50 of 40 mwas processed to formflakes in a

def ormati on stage under conditions anal ogous to those described in Exanple
1. 5 Conmnution grinding was then carried out in an eccentric vibration

grindi ng mi| 1500 gaf agwwhenqabetarting ovadeppea Fe24Cridad LY elloy witravinaan paftidlei tt | e
Fe70Cr, Fe60 powders_ wi.th an-particl e.di aget er of pr ox.
40 }rm and fi%%ae“‘El e ng(\?;\égg(o TR roﬁ%%;ﬁd goa (ﬁncﬁ]@(e iAfrE egor P speLgn %%1 was

added as t he cghdifihdwhaigbus tbGhdde dgs@bedeh Bgarapld Iwas used for commi nution
grinding. The addition of approx. 10 vol. %of a nechanically acting
grinding aid is a typical content for this step. Smaller quantities of

grinding aid - al. . l.,.as..a. t r S . gl The
conposi ti gn gdﬁ%ﬁgﬁgﬁﬁﬁgiﬁ%ﬁg g‘;ag ﬂtljeglec |é&§'&nﬁi}%§ iegze%ltttﬁﬁv fﬁl%g‘ @ﬂ] dﬂ?gmgf;(l%’ur e
cont ai ni ng 6%s Yehyribediig Mxample R4A Ymixyurvel @binnithuted Britlidoye A0€ir ghg60Al aadd 1 %
by 15 wei ght .Y was obtained. The chem cal conposition of the starting powder
is accor di ndieyoheewderseyithye ppan partiglsalianacter ofippegx- 4P ey ansoiimeclhe Rowder
specific distyfi [ t £ i ng - r,, grinding
aid) is preséﬁpn¥%m%ﬁgﬂggﬁ€%§?¥§qﬂgg éﬁ“ﬁ%ﬁ%ﬁ%@%ﬁéghgg?ﬁgﬁfﬁ'Of production
according to the invention, so the conposite powder undergoes a
netallurgical change durjng further processing, for_ 20 exanple by sintering

or anot hdP t Herginngpgaukwas ysad) for comgupgon graping. The rddrion darrgHs ddi ng ai d

component Quank) 19 bk fifiednhiChiny Abdly bihdink Hia i€ EoYPicAP CoriBRORr s stcp.

Smaller quantities of grinding aids may also be useful as a function of the proposed
aim. The composition of the grinding aid used is summarised in Table 1. A mixture
containing 65 % by weight Fe, 24 % by weight Cr, 10 % by weight Al and 1 % by
15 weight Y was obtained. The chemical composition of the starting powder is
accordingly not altered by the choice of given alloy contents. A specific distribution
of the components used (starting powder, grinding aid) is present in the composite
powder obtained as a result of production according to the invention, so the
composite powder undergoes a metallurgical change during further processing, for

20 example by sintering or another thermal process.

Table 1 Composition of a mechanical grinding aid

Component | Quantity [g] | Felg] | Crig] |Allgd | Y (gl
FelbY 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 um was obtained after

comminution grinding and deagglomeration in an ultrasonic field. It was possible to
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Fe70Cr 5. 141. 543. 600 Fe6. 436. 43000 Tot al 159. 753. 61. 50. 15 25 A conposite
powder with a mean particle dianeter D50 of 15 mwas obtained after

commi nution grinding and deaggl oneration in an ultrasonic fiel gh3slygsas
possible to STA 218 (Ausl andstext) 26 103g1785. obtain an alloy in the
metal | urgi cal sense froma conposite powder of this type by thernal
post-treatnent. 5 Exanple 3 Production of Fe24Cr1 OAll Y superfine powders
usi ng mechanical grinding aids and changing the conposition conpared with
the starting powder In contrast to Exanple 2, a change in the chem cal
conposi ti on whigindesiliedinghe naitilbugidaldgnsentiomrecampasite mgwdgreofathisompe Ay

atom sed all %% of Copﬁ?fﬁﬂ‘ i on 10 Fe25,6Cr 1 O 67A1 with a nmean particle

di anet er 911(? gt subjected to a deformation step under the

condi ti ons descrl bed in Exanple 1. Flake-like particles wth a nmean
particle dianmeter D50 of 70 m were obtained, of which the appearance did
not significEaamplefdff Brodrur:twn pﬁ£@24¢f1%h¥|%\p@ﬁnwo&&¢m mmg orechatiedi ng was
then carried out. The edur COnr & nde to tha1it N n&e‘?’gﬁ IEIUt 10 ¢
of a Fel6Y powder vvlth garatnl c? ]in§ e OTEBY bt ﬁam &d as
the grinding aid and tb@ﬂﬁf paﬁkdag | asted 2 hours. Table 2 gives the
conposition and quantity of flake-like starting alloy and the 20 grinding
aid added for commi nution grinding. Table 2 Conposition of the flake-Ilike

foe oA rO T TEISAnER 205 AhNuObE wBiH SBTROREt UECK N T
Tot al 1601043811é&d Odurfhg the grinding operation. An atomised alloy of composition
10 Fe25,6Cr10,67A1 with a mean particle diameter D50 of 40 um was subjected to a
deformation step under the conditions described in Example 1. Flake-like particles
with a mean particle diameter D50 of 70 um were obtained, of which the appearance

did not significantly differ from that in Example 1.
15 Comminution grinding was then carried out. The procedure corresponded to that in
Example 1 but 10 g of a Fel6Y powder with a mean particle diameter D50 of 40 um

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
20  grinding aid added for comminution grinding.

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

25

used

Component Quantity [g] | Fe [g] Cr [g] Al [g] Y [gl
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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25 As may be seen from Table 2, the conposite powder obtained had the
conposition Fe24Cr10AllY. The conposite powder was subjected to an
ultrasound treatnent after which a conposite powder with a neaiB3pags.icl e
di ameter D50 of 13 STA 218 (Ausl andstext)»727 10331785. gm was obt ai ned.
Exanple 4 5 The procedure was as in Exanple 3, a mxture of a plurality of
brittle materials and pure iron powder being used as the grinding aid.
Tabl e 3 contains the conposition and original weighed in quantities of the
starting powder and grinding aid. The brittle grinding aids Fe60A, Fe70Cr
and Y2, 2H wemewagphwinedght to a mean particle dianeter D50 of 40 gm before
use in a separate grinding step. The Fe powder used had a nean particle

di aneter D50 of 10 gm Table 3 Conposition of the flake-like starting alloy
and the nech@mzhmmple 4rinding aid used 15 ConponentQuantity Fe [g]Cr [g] Al
[g] Y [g] Ig] Fe25,6Cr1Q 150.0095.6038.4016. 000. 00 67A1 .
Fe60Al 1. 190. 480. 000. 710. 00 Fe70Cr 2. 350. 711. 640. 000. 00

Tot al 165 20108 P30 G418 A1 1 RXAAG gt tpRulte 82 pilice of e mitezalssnd o 1o

powder obt ai pe@ ilvaghothier ban® asddtdsake grﬁ&ﬂﬂ@iﬂi(ﬁllY The conposite powder was
subjected to an ultrasound treat nent

Table 3 contains the composition and original weighed in quantities of the starting
powder and grinding aid. The brittle grinding aids Fe60Al, Fe70Cr and Y2, 2H were
10 brought to a mean particle diameter D50 of 40 pm before use in 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] Crg] Al [g] Y [g]
[g]

Fe25,6Crl10, | 150.00 95.60 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
Fe24Cri0A11Y. 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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after which a conposite powder with a nmean particle dianeter D50 of 15 m was
20 obtained. Exanple 5 Production of a Fe24Cr 10AllY superfine powder from
two FeCrAl naster alloys and Fel 6Y as the single brittle nechani cal
grinding aid STA 218 (Auslandstext) 28 10331785. Flakes with nB&E31p&s.ticle
di aneters D50 of 70 gm of which the appeg&rance did not significantly
differ fromthe powder produced in Fig. 2, were produced in separate

def ormati on steps anal ogously to Exanple 1 fromtwo atom sed alloys with the
5 conposition Fel9, 9Cr24, 8A1 and Fe27,9Cr5A1 with nean particle dianeters
D50 of 40 gm The particularly brittle Fel6Y alloy was used as the only
grinding aid during subsequent comm nution grinding, which alloy had

previ ously DepReCRIRUh§drticR didmBteREB50 BAYE hl_ﬁ]!, 81 dhiMahen el agPRyox. 40
gm The procedure was as in Exanple 1, grinding lasting 2.5 hours. Table 4
cont ai ns t hesigoifipastlyt didier dmoch thei miwdel pwelugdteth Fig. ueertei prods:edfin tshparatan

flake-1i ke FeCrAl startin 1o and of the brittle grjndi ai d, (Fel 6Y).
15 Tabl e 4 COMpALHIoTRT deeectbii. Ptk b iy dysed slSinehebRan ta
grindi ng 5ai %M@&%i%@%@@ﬁ%ﬁ& Ye70¢ 3 hhith3hén dadticle BRnekgt D58LS. 9C 24,
4323.88.610.50 8Al Fe27,9CrbAI10771. 829. 85. 50 Fel6Y108. 4001. 6
Tot al 160104380 4461. 6 20 As nay be seen from Table 3, the conposite powder
obt ai ned had the conposition
The particularly brittle Fel6Y alloy was used as the only grinding aid during
subsequent comminution grinding, which alloy had previously been comminuted to

10 a mean particle diameter D50 of approx. 40 um. The procedure was as in Example

1, grinding lasting 2.5 hours.

Table 4 contains the composition and original weighed in quantities of the two

flake-like FeCrAl starting alloys and of the brittle grinding aid (Fel6Y).

15
Table 4 Composition of the flake-like starting alloys and the mechanical grinding
aid used
Component | Quantity Fe |g] Crig] Al [g] Y [g]
fu
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

20 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 pm was

obtained.

25  Example 6 In situ production of the grinding aid
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Fe24Cr 10A11Y. The conposite powder was subjected to an ultrasound treatnent
after which a conposite powder with a nean particle dianmeter D50 of 12 gm
was obtained. 25 Exanple 61 In situ production of the grindi ng3si7d5STA 218
(Ausl andstext) 29 10331785. An atom sedhi | 5Col OCr5, 5A14, 8Ti 3Mb1V al | oy,
which is comercially available under the nodel nanme IN 100(r), was

subj ected, as described in Exanple 1, to a defornmation step under an inert
at nrosphere. 5 No brittle grinding aid was added duri ng subsequent

comm nution grinding, rather it was fornmed in situ during the grinding
process. For this purpose, the eccentric vibration grinding mll was

fl ooded with @488 H‘N‘nrl% %@ﬁé'ﬁ%@g’g\ﬁg"gﬁéﬂ% I‘Vh“’{? ?%%?eragﬁly Q‘i%ﬁ;hnlreooc@essi ng

hydr ogen. The r|n con ihs Ul SO a

t enper at ur ﬁ lmﬂeraulhp rrﬁe(del 3ﬁﬁ1feGN/va90®§ tnaﬁ Isulsjbered, cisr da@mbeldgmg‘ﬁxajﬂblgg tPraocess

owi ng to the appli,cati on of energy. The remaining grinding conditions
correspondedieg Hen HepBRder PR IFESHMOBRNTS n Exanple 1. The el evated
tenperatyre and the hydrogen content of the process gas lead to the
formation of brittle Ti-H and V-H conpounds which acted in the sanme manner
as the gri nd-ﬂm@ritﬁb@sinﬂmgrauﬂwamﬂded dbfinfxatpdiest dorhmirhitian grinbing, tadckr §to

comm nuti on. %) rinding that lasted. 3 h under_a hydrogen-contai ning

at mospher e, V4 1ormed B Site efurine: e SRS PEIETSe| é‘rdl’lén@tr%ﬁ’se CHENYIS | | m was

achi eved. TheysRGILGA hb@Rabinh B 8ad Sth a8k AN P vaggo
differed only s{|| ght mgg.gipgé% at 104 g e start ?nsé§tu%\mﬂar %Jr'h/g dr ogen
content rosentiot vol, mﬁyq!rpg@n D]]ine ronimpt feraimperowes sharmatif ihkuiatadil sy apowder
produce accordln to the invention t ydr ogen .cont ent fe to bel ow
appr ox. 0 ﬁ’ﬁ?ﬁeéﬁ‘g@ ACTRBer At Of | APPEX- s%ﬁt eﬂt'] %‘Wﬁ—‘éﬂs ‘i/él:‘{}ﬁgnt oI e 7 S
powder as t he,eCham SR 18 LpsidAgoRi ¢ SR i A AThe SehidhrdB EEfd kL, 09HF
wth a rreanrbg%rtlcleéc:h anet gﬁDSOOOf 40 17'm vvars su Jge@.‘ @ xg:hscrl bed in
Exanpl e 1, tcomasmefled tathicoprostdape described i 1n Example 1. The elevated temperature

and the hydrogen content of the process gas lead to the formation of brittle Ti-H and

V-H compounds which acted in the same manner as the grinding aids introduced in

15 Examples 1 to 5 and thus led to comminution. After grinding that lasted 3 h under a
hydrogen-containing atmosphere, an alloy powder with a mean particle diameter

D50 of 13 pm was achieved.

'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 pm

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 um being added as the grinding
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30 150 g of the flake-1ike powder produced in the attritor were subjected,
as described in Exanple 1, to commnution grinding in an eccentric
vibration grinding mll, 13 g Si powder with a nean particle thangeger D50
of 40 jinn being added as the grinding SI®\ 218 (Ausl andstext) 30 10331785.
aid. After grinding that lasted 2 h an alloy powder with a nean particle

di aneter D50 of 10.5 gm and the desired conposition N 35Cr 8A18Si 1Hf was
obtained. The silicon used is desirable or necessary in terns of alloy

engi neering. O the possible brittle grinding aids Si is particularly

sui t abl e owi AY. Adter ganging fhatt lasted 24t pe @llpy @awvidenwithm mean prypigkndieostesnt was
approx. 0.4 %Ay ight . | rd.cahg: ) I-38Cr 8, 7AL OHf with
a mean parti (I:?SQ Oéi ah% %rm%gg@F ﬁrfg C%%% ft1§/§SN lgég{?éﬁ‘f:l?%&ﬂfévsas gjgaé??dt‘l)g%ei n
Exanpl e 7 by siligbi@sedris dbdifableosr foedshdt iactetdd of alidyl engirdeering @iethepagdiblen st ep.
Subsequent conmmi nution grinding was carried out in the presence of Si powder
(13 g) as t hattlgrerindingquds S is parkdeplpd e syitpblerovsige taite roparties whiter treafpent

follow ng:te i e pusted: Ginding container

vol ume: 515 Baﬁy}#x&gjfl} %Oéﬁseé"g@{/ag?%ﬁ)g%}sq?é% %“@%’Fai ner material:100 Cr6 20 Ball
material : 100 Cr6 Ball dianeter:3.5 nmOiginally weighed in quantity of
powder: 150 g _Ni 38Cr8, 7All ,09H Circunferential speed:4.2 mis Ginding

|'i qui d: et han&Xample$ i ndi ng duration: 1.5 h Ginding aidl3 g Si powder (D50:
approx. 40 rn) After grinding that lasted 1.5 hours and subsequent

ul trasoni ¢ deaggl oneration an alloy powder with a nean particle dianeter

D50 of 13 m SpeaRul somingd Mig3Od817d( JOYHB it alfiban purtcle Biagienad50Td0sirhi con
used in this case was, desi ra_%lg,or necessary .in . . .
was subjected, as descnibed in Example 7 by using an attritor (agitated ball mill), to

a deformation step.

Subsequent comminution grinding was carried out in the presence of Si powder (13
g) as the grinding aid, likewise in an agitated ball mill, the following technical

15  parameters being adjusted:

¢ Grinding container volume: 51

o Ball filling: 80 vol.%

e Grinding container material: 100 Cr6
20 + Ball material: 100 Cr6

¢ Ball diameter: 3.5 mm

e Originally weighed in quantity of powder: 150 g Ni38Cr8,7AI1,09Hf

e Circumferential speed: 4.2 m/s
e Grinding liquid: ethanol
25 o Grinding duration: 1.5h
¢ Grinding aid 13 g Si powder (D50: approx. 40 pm)

After grinding that lasted 1.5 hours and subsequent ultrasonic deagglomeration an
alloy powder with a mean particle diameter D50 of 13 pm, measured by Microtrac®
30 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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terms of alloy engineering in order to adjust the end conposition STA 218
(Ausl andstext) 31 10331785, Ni 38Cr8, 7A11,09H and in ternms of process
engi neering for attaining the desired grinding effect. O thelogBersmts that
may be considered silicon is best suited3ps the grinding aid owing to its
brittleness. This grinding process led to an increase in the oxygen content
in the powder. At the conclusion of the grinding process the oxygen 5
content was 0.4 % by weight. Exanple 9 A spherical atomsed NN 17Mo 15Cr 6Fe5
W1l Co alloy with a nean particle dianeter 10 D50 of 40 gm which is
comrer ci al | yNEAB&iTB-A01 bOURHaRd ihiermsrf niacsse epgipesting (g5 ttaining thet dagireds
descri bed iné%&ﬁ% , I t : -1 -nart.i.gl es
obt ai ned wer& co Lﬁ?ﬁ}l gﬁﬁlﬁf%%%ﬁlg ﬁﬁgh&gcb?ecﬁp ?Iflgljagls{yrc a ?Soir)lésl[(g?llgﬁdﬁts ntg'£ mill in
t he pr esencegidihg aigsiveing caitbibeietleassst MRisgrrindttigngroedssl laind annidereasehia thd 5
followi ng conditions: Ginding container volune:51 Ball filling:80 vol.%
G i ndi ng conPSYERB CoRgREA;t ?P‘i‘@@ﬁfo%&?(YOB%JFfloﬁﬁ thei Inde nreesss Higr oKygeR al
mat eri al $al i rs 6. iginally weighed in quantity of powder: 150 g
Gsci | | at i%n g%g‘???ﬁ%?ﬂ%% i ndi ng at nosphere:argon (99.998 % 25 Ginding
duration: 90 mnutes Ginding aidl3.5 g WC powder (D50 = 1.8 pm The result
of comm nutign grinding was an alloy hard materi al conposite powder in
whi ch the al EBWBLfrﬂ)onents had been comminuted to a mean particle diameter
D50 30 of approx. 5 pmand the hard material conponent to a nean particle
di ameter D50 STA 218 (Ausl andstext) 32

A spherical atomised Nil7Mol5Cr6Fe5W1Co alloy with a mean particle diameter

10 D50 of 40 pm, which is commercially available under the name Hastelloy®, was

subjected, as described in Example 1, to a deformation step.

The flake-like particles obtained were comminution ground in an eccentric vibration
grinding mill in the presence of tungsten carbide as the grinding aid and under the

15 following conditions:

¢ (Grinding container volume: 51
e Ball filling: 80 vol.%
» Grinding container material: 100 Cr6
20 ¢ Ball material: WC-10Co hard metal material
¢ Ball diameter: 6.3 mm

e Originally weighed in quantity of powder: 150 g

e Oscillation amplitude: 12 mm
¢ Grinding atmosphere: argon (99.998 %)
25 ¢ (Grinding duration: 90 minutes
¢ 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

30  of approx. 5 pm and the hard material component to a mean particle diameter D50
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10331785. of approx. | pm The hard material particles were substantially
honogenously distributed in the all oy powder volunme. The alloy hard

mat eri al conposite powder could be processed by conventional %P0I¥IgeESS
steps to forma spray powder, For this pgppose, 797 g WC with a nmean
particle diameter D50 to ASTM B 330 (FSSS) of 1 pm ethanol, PVA (polyvinyl
al cohol ) and suspension stabilisers were added to 163 g of the alloy hard
material conposite powder produced according to the invention for

di spersing and generating _a suspension. A suspension was_ produced which
consi sted t 0°23Ppwx: logigk Theehard matesin] partislasdverg pibsieatiall bemogeopsly. 9 of
the WC hard . j ensi on was further processed by spray
granul ati on gﬁsﬁqtgdslgﬂp?%g%%% (r)V?}g?%'a green spray powder with a particle
size of 20 to 63 pm The organic auxiliaries were firstly renoved fromthis
green spray wder b as evolution at 100 to 400 C and _sintering then took
pl ace at appr 5?.51??3%686‘“%8@ C%P?%rﬁovﬂeﬁﬂé’t}%b%.Prq’%s%qqebﬂﬁobﬁ‘@%@%l solid
bonds were p in t Spr. S ght en the
ndi vi dual P anare st REmeE ey AR For it PRt Ip) B WOt bR
desired gr ai paftichcdiametet 30 exXABPMe BIT0 FS8%) i)l funnathayoll B¥IA PaodypdnylThe

wd th bt aj Id b th d by th | jnjecti i
pouder (0SBl dhned caund e LS Brageref by Lhermpl, Injection 1n @
mat eri al CO”EQ@ %)_%te podeX h@ed]anEl?gh%%‘ﬂ‘iE ROYEEL 1 {%i@pési%%&l gé}fe}dngﬂge

di amet er D50 0 'gm was processed "according to the in n an
anal ogousl y tosuspanpine A stspehsiom wasapeduccdsSwlitth ddnaisted toeZ®e voher éfuthicher

processed in a i.nytion step, anal_.ogqusly .t ample 1, .10 g Ti H. bei ng
added as?Qhe Wﬁﬁﬁmﬁ@&{%é’ﬁ@% 3 I"n‘éa}’?i o4 kg tﬁ%e\g'é F«% i‘@P'ﬁ&ijﬂ R%Sﬁhsﬁlsi n
guantity: 15 ; Tisto aenl I etk E i i,um
powder with g“%é%ﬂ%?r%‘tgi cle CP? géﬁ%%grwggg%g&gggﬁgg.aﬂﬁglagsrﬁ&%%n‘l%efgﬁ?taani um
powder produgestnaptymaiwdgr tvathtahparticly eime pH20 toed pmb&hé amgphiemupilioteswert by

convent i onal process, 54 82 bk HELTLIRVLI 8 Sas IOoRAG) Sl URL 4 92T o0
sintering then took place at approx. 1,300 °C under an inert atmosphere. In the
15  process solid bonds were produced in the spray granules and less solid bonds
between the individual granule grains. Deagglomeration and classification into the
desired grain fraction (for example 15 to 45 pm) finally took place. The powder thus
obtained could be further processed by thermal injection in a known manner to form

hard metal or components coated with an alloy-hard material composite.

20
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.

25
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 ym.

30

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

by conventional process steps to form mould parts. To protect against oxidation the
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STA 218 (Ausl andstext) 33 10331785. titani um powder produced according to
the invention was stored in an organic solvent, for exanple n-hexane. Long
chai n hydrocarbons, such as paraffin or am nes, were added prior to powder
metal lurgical further processing. For this purpose, the parafI331%s

di ssol ved for exanple in n-hexane, addediio the powder 5 and the n-hexane
was then evaporated with continuous circulating of the powder. A
superficial seal against uncontrolled absorption of oxygen was obtai ned
thereby and the inprovenent in conpressibility achieved. This procedure

allows the titanium powder, tao be processed.in air. 10 After processing in
terms of povﬂéﬁ“upe@ﬂwg ro@@?d’t“éf%f ?ﬁ’cﬁﬁ{%%lﬁa %HP‘éeans‘iv?Fgthzeéle‘bgnc(Hﬁi}F‘ésgi on,
renoval of tRevl IRR ExaaPS thkdi@AS. SLbAL 2hhine hP@bcdrbGRL TRBR »ast PRATR or

deconposi tion of the grinding aid and Sintering to formsubstantially dense
moul d part saminek pergcaddedSpivatpipewddr Fietdbeginaldfirter gmocessiog. Eor 4hiPH(r)

(Fel 7Crl1 2N 4Cu2 SMhO. 3Nh). and i ch d been .praoduced a usl 0
Ecanpl e 1, vRPEORT SRR S ReRaEdET FrARoc fh e ToaRe SOaHb G et e
di aneter 30 parthe aliRxhit GEN@SH el@orRe®viBRRMANuous HEMakn@BHR JRARr. 20

particle dianmeter D50 of 150 p.m The contrajet mll was operated with inert

gas. At om sewessiad stal aaipsituncprirollediibstrptionl ohoxydse evaspbiningdetitrsty and t he
sanme all oy V\f'hth a‘part' cle di arreltéif{ b@tjwe n.léoo andd 63 vvazhu?fd.as t he
grindi ng ai d°THE O GFIHUI MG CRAADEY JGTre: "appPTesce 1) OWa s A8 wi th 2.
5 1 powder bpﬂvlfdey%y@pmcés@gdﬁ@ggy wei ght grinding aid and 33 % by wei ght

fl akes) and the grinding process 25 initiated. The fine fraction produced
was separated at 10 p. m by corresponding adjustnents of a sifter connected

downstre o] e mlil. .ln Nt ast he earlier ex | es,..comm nuytion
a1 ndi noana P gBiey ih S HpBEYe! Bhfohle ofn s HTRer by FORIENE n one
step by the gnpsesie raase idiate ofoadil paistiteutsain 4 @airmbe tredtnicht, Sh@heeedur e
is the use of characteristic _or al]oy-like powder that cannot, or

. | : nay
barely, be céerimpasidan ahthonninding aidopndt vntgnng fe Farsabserialby densameuddst ext )
parts took place.

15 Example 11

Flakes made of an alloy 17-4 PH® (Fel7Cr12Ni4Cu2.5Mo0.3Nb) and which had
been produced analogously to Example I, were treated in a contrajet mill. The flakes
had a particle diameter to particle thickness ratio of approx. 1,000:1 and a mean
20  particle diameter D50 of 150 um. The contrajet mill was operated with inert gas.
Atomised spherical material, which had not been pre-treated, of the same alloy with
a particle diameter between 100 and 63 pm 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
25  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 charactenistic or alloy-like powder

that cannot, or may barely, be comminuted and which leads to an increased
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34 10331785. application of energy in the grinding process and thus to an
inproved grinding effect. Exanple 12 5 An atomsed Ni 17Mb 15 Cr6Fe5 W1 Co
alloy with a nean particle diameter of 100 to 63 m which is tidegsially
avai |l abl e under the nanme Hastelloy(r), wa$ nechanically treated in a high
energy mll (eccentric vibration mll) under the follow ng conditions: 10
Ginding container volune: 5 1 (dianmeter 20 cm |ength approx. 15 cn) Bal
filling:80 vol. @6C}inding container material: 100 Cr6 15 Ball material : WC- Co
hard nmetal Ball, di anmeter: Originally weighed in quantity of pomder 300
g Oscil | at i ofPRAIRYST @ énﬂrﬂyrﬁh iSTHOHE BioRos pier Buslgon agovgkegding
Ginding durggign:2 h Flakes were produced whi ch had a dianeter to thickness
ratio of 1:2 and a flake thickness of approx_ 20 m 25 Comm nution grinding
then took place in a gas contrajet mll. During conm nution particles which
had a partictg di ter of < 20 j.mwere renoved by suitably adjusting a
sifter conne stream A fine alloy powder which, after ultrasound
treatnments; had a nean particle diameter D50 of 12 mand a D90 value of 20
m determned using a Mcrotrac(r) X 100, was thus produced. STA 218

(Ausl andst exAn @&mised Nil7Mol15Cr6Fe5W1Co alloy with a mean particle diameter of 100 to

63 um, which is commercially available under the name Hastelloy®, was
mechanically treated in a high energy mill (eccentric vibration mill) under the

following conditions:

10
e (Grinding container volume: 5 1 (diameter 20 cm, length approx. 15
cm)
+ Ball filling: 80 vol.%
¢ (Grinding container material: 100 Cr6
15 ¢ Ball material: WC-Co hard metal
¢ Ball diameter: 10 mm
¢ Originally weighed in quantity of powder: 300 g
¢ Oscillation amplitude: 12 mm
¢ Grinding atmosphere: argon (99.998 %)
20 ¢ Grinding duration: 2h

Flakes were produced which had a diameter to thickness ratio of 1:2 and a flake
thickness of approx. 20 pm.

25  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 pm and a D90 value

of 20 pm, determined using a Microtrac® X 100, was thus produced.
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Clainms 10331785. 1. Method for producing netal, alloy and conposite powders
with a nean particle dianmeter D50 of at nost 25 m determ ned using the
particle neasuring 5 apparatus Mcrotrac(r) X 100 to ASTM C 10/330185.from a
starting powder with a greater nean pars3jcle dianeter, characterised in
that a) the particles of the starting powder are processed in a deformation
step into flake-like particles, of which the particle dianeter to particle
thickness ratio is 10 between 10:1 and 10,000: 1, and b) the flake-Iike
particles ar& subjected to comm nution grinding in the presence of a
grindi ng ai dX18®82 Mt hod according to claimil, characterised in that a
deaggl oneration stage follows comm nution grinding. 3. Method according to
either claiml or claim?2, characterised in that the netal, alloy or
conposi te polwder Mathod fHorgodidngpmetdl, Aloymahd donOsiteAppBder€-kith (d Jneaher ei n

25 A represents .ong or I f the elenents Fe, .. Ni, B represent.s one or
nore of the mﬂﬁrﬁ%‘n?}e{ﬁég #af‘,t ngost 3!?/()”,1“’\/65&%1“%&?51% the pgrticlegmegsyring,, - g,

Ru, Rh, Hd, g%arétlﬁs Mikrotrbc® 801 66 @0 WS TN Q076101 G 4 Bgrifly Wik a Al SN,
Cu, Zn, and represents one or nore of the elenments Zr, , rare-earth
metal , 30 agwater miean partipld diametel, clracterired pethatnt ages by wei ght, wherein STA
218 (Ausl andstext) 36 10331785. h, i, j and k in each case independently of
one anot her represent 0 to 100 % by weight, with the proviso that the sum
of h, i, j apd k ihg phR180 &Dih¥iagiity: powder are processed in a deformation step into

flake-like particles, of which the particle diameter to particle thickness ratio is
10  between 10:1 and 10,000:1, and

b) the flake-like particles are subjected to comminution grinding in the presence

of a grinding aid.

15 2 Method according to claim 1, characterised in that a deagglomeration stage

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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5 4. Method according to claim3, characterised in that A represents one or
nore of the elenents Fe, Co, NI, B represents one or nore of the elenents V,
Cr, Mo, W Ti, 10 Crepresents one or nore of the el enments Mi03A78&nd D
represents one or nore of the elements g Hf, Y, La_ 5. Method according to
either claim3 or claim4, characterised in that 15 h represents 50 to 80 %
by weight i represents 15 to 40 % by weight j represents 0 to 15 % by

wei ght, and Kk represents 0 to 5 %by weight 20 with the provi so that the

total of h, j,.] anq k is 100 % by i ght. hod accor ny one of
claims 1 to% ‘éﬁﬁ?g%{“e?alcge‘iﬁs‘? W‘gﬁ%‘t\ﬁ%{“&% ﬁpsd*&e@ar Fraveaent 4 900(0 nposi t e
powders have a %Hg(l’tl cle dianmeter D50 of at nobst 15 gm determ ned

using a Mcrotrac(r 100 to ASTM C 1070-0 1. 25 7. Method according to any
one of clains 1 to 6, characterised in that the starting powder is a powder

W th spherlca r irr.egul y shaped.pariicl]es and h a nean particle

di amet er eéfr?ﬁ”ﬁgﬁ‘ F{S‘ ﬁg?l\ﬂ%%@?é)g@fiff I%]‘Log)s%ﬁ’é(d”ﬂgﬁtng a Mcrotrac(r) X
100, of gjeater than 25 gm 30 STA 218 (Ausl andstext) 37 10331785. 8. Met hod
according to any one of clainms 1 to 7, characterised in that the

def or mat i on 4t ep Msthodac¢aeding @ claim 3, shatdctemgedvin that an eddy nmill, a

hi gh-energy m Il or an attritor. 5 9. Method according to any one of clains
1 to 8, characterised in that during conmnution grinding liquid grinding

ai ds, waxes And/ ofepRkdrtd bt RAMEIRof HelAAURAFATo, Nie grinding aid. 10. Method
accor di ng to claim 9 characterised in that the grindi ng aid is

B represents one or more of the elements V, Cr, Mo, W, Ti,
10 C represents one or more of the elements Mg, Al and
D represents one or more of the elements Zr, Hf, Y, La.
5. Method according to either claim 3 or claim 4, characterised in that

15 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

20 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 pm, determined using a Microtrac® X 100 to ASTM C 1070-01.

25
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.

30
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10 paraffin oil, paraffin wax, nmetal powder, alloy powder, netal sul phide,
salt and/or hard material powder. 11. Method according to any one of clains
1 to 10, characterised in that the grinding aid is produced iH33il¥8.during
comm nution grinding. 15 12. Method accoB@ding to claim1l, characterised in
that the grinding aid is produced by adding a reactive gas which reacts
under the conditions of commnution grinding wwth the starting powder while
forming a brittle phase. 20 13. Method according to any one of clains 2 to

12, charactegised,jn that the deaggloneration.is carried out.in a gas
contra et m B aMeled Hsstite whony Reodeaass |op & rarsarn it il B8 e nog
accordi ng t od@onand p Blcahi® it iPa ISlling hanast &idysafl, 'a'}ﬁéﬁléﬁer%@%il_l %P
deaggl oneration is carried out in the presence of "one or nore T1quids,
di spersi ng amnddntand/ or binders. 15. Metal, alloy and conposite powder with

a nmean particle dianmeter D50 of at nost 25 m determ ned using the particle
nmeasuri ng apparatus Mcrotrac(r) X 100 30 to ASTM C 1070-01, obtainable by a

net hod acgor di ng MedtlyaRbRlisY tChdi o df ¢18ind? (SEAKRdrRES iR ks tdaxhy 38
10331785. 16. Metal, alloy and conposite powder wth a nmean particle

di anet er D50cehmanutiopgend®g ligyidwrindngeaids, vedesandier hritde pewddr@readdsdesr i ng
apparatus M ﬁ{cotr%cg]% X 100 to ASTM C 1070-01, characterised in that,

until the maxISi ?'acti on is attained, the contraction, determ ned
using a dilatonmeter to DIN 51045-1, is at least 5 1.05 tinmes the contraction
of a metal, alloy or conposite powder with identical chem cal conposition
and i denti calOneaMagtzad pedosdigg dereelaim (95 0charasterisedhvde rthato thse grinding said gat ed

bei [ % of i.cal;, densi
oot ore miBeaPRg b BEARAER S AR Floy el el a0 Sl s oy Y

wei ght of a mBHahaterddllpowder. conposition powder according to claim 15 or 16
and 99 to 5 % by weight of a netal, alloy or conposite powder produced by
at om sati on.

1. Method according to any one of claims 1 to 10, characterised in that the
grinding aid 1s produced in situ during comminution grinding.

15
12.  Method according to claim 11, characterised in that the grinding aid is
produced by adding a reactive gas which reacts under the conditions of comminution

grinding with the starting powder while forming a brittle phase.

20 13.  Method according to any one of claims 2 to 12, characterised in that the
deagglomeration 1s 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 um, 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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10331785.
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16.  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
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.

STA 218 (Auslandstext)



