1 Method for producing fine netal, alloy and conposite powders The
invention relates to a nethod for producing netal, alloy or conposite
powders wth a nean particle diameter D50 of at nbst 25 m a starting
powder firstly being 5 forned into flake-like particles and these then
being comm nuted in the presence of grinding aids, and to netal, alloy or
conposite powders obt ai nabl e t hereby. Ndner ous netal | urgi cal 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 : t a1 L Vi sation, the powder
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with the process nedia, (W aichatt, K -P.. Weters in "Powder Metallurgy -
Processi ng SH9ingalas.jaaf so metappllopon compeiege Wistrbtamahla thegghyy Associ at i on,
1997, 10 to 23). As powder production by atom sation is of particul ar

i ndustrial and econom c significance, various atom sation strategi es have

beconme est alhmsied m&pidaiicaor oidniealsmatheds atecleicdth dapaodidigg afetilnadoowder
properties required, such as particle 25 size, particle size distribution,
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limitations to the process, arise depending on the type of cooling (treatment with 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).



2 Powder production by atom sation prinmarily has the drawback that |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 from
high nelting alloys with a nelting point> 1,400C is not very economi cal as,
on the one hand, the high nelting 5 point necessitates a very high
application of energy for producing the 2relt 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 elenent has a

high affinity. t . .Cost ad t b hi d dur.i.
e e S IS Lo ath RS aduant s, TRy be g et s
nozzl es. 10od theptlrhid BdnliSinpat i18VE 1DbOUEL ol (B BARH BR BBedit R»elgyuch Ny

si ngl e- st age nel nmet al l urgical nethods are al so frequently used,

what i s knoewpensve. ielpartigparprodgptioniof dinegmwwdendrom hightmelting aHoyowitac r ol |,
whereby a thin, usuall il commi nutable strip is, produced, or what is
referred t omaling®PR bl 40T if hasyeryeeqngamical s, gn e op BT s S B eIt ool ed
profil eds roll: ofatdigsatvdi ¢ ﬁﬁﬁz‘ﬁg E O 9F '@t j rticles
or fibres af?(gno ta% negz.S AVéf?%'Jr E%er I n%%é}% an?heg%lr ?cgﬁ)tm%‘%ﬁ oﬁé@%%@u@?i on is
t he chem cathensthdrolthnd] she gadcmtsimptiod ghetlsl incoeaste asahe riesiedd patitls. sitbowever,
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mechani cal metallurgical methods are also frequently used, such as what is known as “melt-

spinning”, i.e. pouring a melt onto a cooled roll, whereby a thin, usually easily
comminutable strip is produced, or what is referred to as “crucible 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 Materials”, EPMA European Powder Metallurgy Association,

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

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

metal or alloy powder that may be processed by powder metallurgy. An overview of



met hod steps of coarse, fine and superfine conm nution are necessary to
produce netal or alloy powder that may be processed by powder netallurgy.
An overvi ew of nechani cal powder production is given by W Schatt, K -P.
Weters in "Powder Metallurgy - Processing and Material s", EPMA European
Powder Metallurgy Association, 1997, 55to 47. 5 Mechanical conmminution, in
particular in mlls, as the oldest nethod of particle size adjustnent, is
very advant ageous from an industrial perspective as it inexpensive and nay
be applied to a | arge nunber of materials. However, it nakes certain
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capacity for comm nution are attained for the respective grinding stock and
certain phenonena, such as. enprittlenent at |ow tenperatures or the effect

. at |
of grindi ngVarkanical pepBENEtioRe RN gn BalaAs dig oldestimethod st pargiglkeisiag f or
comm nution, ;. i i ian .al at | . i: .
ot e comm noriBERE B uy, ddAREESTE Pith i) BirlpEie 36 i ieRpensive
i nvol ves t hendengey appliedasd adaigeanynglier nofl iatefihls. Mivedvet, hié rgales eceftdifer ous

commerci al suppliers, for exanple Hosokawa- Al pine or 20 Netzsch-Condux. This
method is pfwnandsen thparosesmaEsal, for gramplectithFespectitasizeafdho preces and | e

materials, 88{313}1%?"0?%53 \ff%ﬂtlﬁgﬂ%ﬁ%fo'hogarl@ﬂ'}ﬁi%hic%l)mgtl @é’vpl,lflr%xeed asOIiesitir.'gR'uri ties,

aut ogeni ¢ grinding) and fi1nanci erspectives conpared“to conventi ohal

m | |'s ush Ngrathpr£ kindiBg Rquildbaiune s Nwhichnalss gedurast Bl prindihg prédesa t at ed
ball mlls. Jet mlls attain their industrial and thus their financial
linmts withbessmmivili radsiely diee ipowdens. dihgr eonyvgnibend egnding RroRRSsesvBFads

materials t Al i f L4 : ] [ cle
o zos, i s SRR Bl Kt s GRT b AR Lo G SSM LR UES
particles beésla@ti@engﬁnaﬁﬁge@toicm dnidecqagn phénonfial Bectk b @mtgiteaaedyatofowt he
powder particles is to be applied only via the carrier_gas, the specific
ener gy temperatures or the effect of grinding aids, improve the grinding behaviour or the

15  capacity for comminution.

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 is 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.



requi renment during superfine conm nution 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
comm nut ed does not correspond to the sintering activity of powder
particles produced by conventional grinding either. 4 Very fine particles
may be obtained, for exanple, by conbinijng grinding steps with

hydr ogenat i on and dehydr ogenati on reactlons i ncl udi ng the conbi nati on of
reaction products to formthe desired phase conposition of the powder (I.
Harris, C. Noble, 5 T. Bailey, Journal of the Less Conmon Metals, 106
(1985), L1 to L4). However, this nethod islimted to alloys which contain
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necessitates an extrenely high application of energy in this rret hod

Furthernore, abrasion problens may occur and, owing to the interaction
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powders of ductile metals or alloys which have both high reactivity to oxygen and
high sintering activities.
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 pm
30 in size. The metallic ductile material changes as a result of the high mechanical
stress in such a way that fine individual particles may possibly form. These contain

the composition typical of the alloy. However, the drawback of this process is that



A further nethod for producing fine powder fromductile material is
mechani cal alloying. In this process aggl onerates are obtained by intensive
grinding treatnent, which agglonerates are made up of crystallites that are
approximately 10 to 0.01 m30 in size. The netallic ductile material changes
as a result of the high nmechani cal str%ss in such a way that fine

i ndi vidual particles may possibly form “These contain the conposition

typi cal of the alloy. However, the drawback of this process is that 5
considerable inmpurities are sometines introduced, primarily by abrasion.
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particle diaetetonilpencedcl e thickness ratio is between 25 10:1 and
10, 000: 1, and

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.



b) the flake-like particles are subjected to commnution grinding in the
presence of a grinding aid. 30 The particle nmeasuring apparatus
Mcrotrac(r) X 100 is conmercially available from Honeywell, U S A 6 For
determning the particle dianmeter to particle thickness ratio the particle
diameter and the particle thickness are determ ned using a |ight-optical

m croscope. For this purpose, the flakelike powder particles are firstly
m xed with a viscous, transparent epoxy resin in a ratio of 2 volune
fractions resin and 1 volune fraction flakes. The 5 air bubbles introduced
during mxing are then expelled by evacuation of this mxture. The then
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particles to be evaluated do not present any difficulties. Again at |east

50 particl esxamiaedpaegnaigularly and parallel to the substrate. By using a microscope with

a calibrated lens and by taking into account the adequate particle orientation at least

15 50 particles are measured and an average is formed from the measured values. This

average represents the particle diameter of the flake-like particles. Following a

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 represents 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 yield point is reached, undergo plastic expansion or deformation before

significant material damage (material embrittlement, material rupture) occurs.



and an average formed fromthe nmeasured val ues. This average represents the
25 particle thickness of the flake-like particles. The particle dianeter to
particle thickness ratio is calculated fromthe previously ascertained
values. In particular fine, ductile netal, alloy or conposite powders nay be
produced with the nmethod according to the invention. Ductile netal, alloy
or conposite powders 30 are in this case taken to nean those powders which
in the event of nechanical stress until the yield point is reached, undergo
pl asti c expansion or deformation before significant material danage
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installed on average of the sample over a measuring length which is approximately
15 10 % of the overall sample length, before actual mechanical testing. 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.



Anal ogously it is also possible to subject a cylindrical material sanple,
which has a dianeter to thickness ratio of approximately 3:1, to nechanica
conpressive stress 25 in a comrercially avail able pressure testing machine.
Per manent deformation of the cylindrical sanple occurs in this case as well
after application of an adequate nechanical conpressive stress. Once the
pressure has been relieved and the sanplg renoved, an increase in the
dianeter to thickness ratio of the sanple is determ ned. Materials which
achieve a plastic change of at least 0.1 %in a test of this type are 30

al so called ductile in the context of this specification. 8 Fine ductile
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cannot be conm nuted further per se is inproved by the use of mechanically,
mechanochem cal | y and/or chemcally acting grinding aids which are
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Qﬁ-elrrg;l Jt SC l;gcﬁe{xc))ged %?eﬁﬁ%r%‘ﬂ@&fc@dl B6h suMReh&! the Dro RRNES FRpertREERh ARRE Of the
: 10 1sinteri1ng 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 I

hA-iB5jC-kD 0
20

may be obtained, wherein

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

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

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

D represents one or more of the elements Zr, Hf, rare-earth metal,
and h, i, j and k indicate the percentages by weight, wherein

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

weight,



B represents one or nore of the elenents V, Nb, Ta, &, My, W M, Re, Ti,
25 Si, Ge, Be, Au, Ag, Ru, Rh, Pd, GCs, It, Pt, Crepresents one or nore of
the elements My, Al, Sn, Cu, Zn, and D represents one or nore of the

el enents Zr, Hf, rare-earth netal, and h, i, j and k indicate the

per cent ages by wei ght, wherein 30 h, i, 9| and k in each case independently
of one another represent 0 to 100 % by “weight, 9 wth the proviso that the
stun of h, i, j and k is 100 % by weight. In fornula | preferably 5 A
represents one or nore of the elenents Fe, Co, Ni, B represents one or nore
of the elenents V, G, Mo, W Ti, Crepresents one or nore of the elenents

My, Al and D represents one or nore of the elenents Zr, H, Y, La. 10 h
pref er abl y withthegenviso 8¢t the 8t 0blby, jwaddtis 100 o pumeightl ar 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

wei ght, in pl%;r}lﬁlgllqggefgfagfyer ably 5 to 10 % by weight. k preferably
represents 0 to 5 % by weight, in particular 15 preferably 0 to 2 % by

wei ght. SThe netal, alloy or conposite powders produced according to the
invention are distinguished bger(g{t}ﬁrrallgl rreg,‘n garti cle diameter D50. The nean
particle di 8met efePTISEHS PES B B §elamepisde: $8- b determined to ASTM C
1070- 01 (negsuri 9oL 3RPBF AokSor th EleBlhR8L 10r. ¥1oL&P) Ti. BY way of exanpl e
powders which alr éec?y have t he c%nposlleﬁllteon of rf}?[e ’ggélTlf ed netal, alloy or
conposi t e pGwder repesseins ous edmase ¢fithe skearehisidgpalatelr . 1 n t he net hod
D represents one or more of the elements Zr, Hf, Y, La.
10
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 D50. 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 um, preferably 30 to 2,000



according to the invention however, it is also possible to use a m xture of
several 25 starting powders which only produce the desired conposition after
suitable selection of the mxing ratio. The conposition of the produced
netal, alloy or conposite powler may al so be influenced by the choice of
grinding aid, if this remains in the product. 30 Powders with spherical or
irregularly shaped particles and a neanliparticle dianeter D50, determ ned
to ASTM C 1070-01 of greater than 25 m preferably 30 to 2,000 10 m in
particular preferably 30 to 1,000 m are preferably used as the starting

powders. The required starti powder s ey be obt ai ned, for exanple, by

at oni sat i onHg$ 10 S’aﬁ&‘%aérprﬁé’f%q% 3§n@, 11390 r#é’be%‘%aﬂr? ,er@%bé'é?fgéﬁtth%ggm ng or
sifting. AcgoLgipg to the invention the starting powder is firstly subjected
to a defornation step. The deformation step may be carried out in known
devices, for exanmple in a rolling mll, an eddy mll, a high-energy mll or
an attritor_or an agitated bal] mll. 10 By suitably selecting the process
engi neer i ngTPareqHited, Sarting ROYGers. fayr bey gbigineds Ay exsimple, gy @tonaisatiops of
mechani cal st i ¢k Yoy chi eveesplastic deformation of
t he mat eﬁrai afhoci)trgﬁ Zal%%&\/\cfjg&%gsrsg %F%%,E%tegc?%% %usgﬁnplgarti cl es are deforned,
so they wultimately have a flake-like form the thickness of the flakes

preferably being | to 20 m_ This may take place, for exanple, by one-off
st ressi ng i Acecrdilg terthe invenhemher stargngippwdemly firatbe sitbierted oea defogmption snal |
def ormati on_st b e rve qarinding incan eddy mll or a
Si nol oyer (r ft,%pg’?ﬁ%géfg{%?@”%’é Fba&bg 5%@%%8%&51%1\/1%0&% eV?crels’c Olrgﬁgﬁnp%r’inn%i ng,

for exanpl erdllin@if}f & eddr mall, a’ihilgﬁldne@Hlill dihén Rrdtbr bRbeapRdted baSSIL. duri ng
this deformation may |l ead to structural damage and/or material enbrittlenment
whi ch nby b8yumiablyselerdng el pogase crgiegesing arasesiers niitnapicwlareasrratcewlt af . 20

o oL O bHEL Gl 5RO LSRRI PSS RIERL B
fl akes, areoftMnaterial or the powder particles, the individual particles are deformed, so they
ultimately have a flake-like form, the thickness of the flakes preferably being 1 to 20
um. 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.
f
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.



suitable for comm nution grinding described below 25 The device in which
the deformation step is carried out, the grinding nedia and the other
grinding conditions are preferably selected such that the inpurities as a
result of abrasion and/or reactions with oxygen or nitrogen are as snmall as
possi ble and below the critical value {ﬁr the application of the product or
are within the specification relevant the material. 30 11 This is
possi bl e for exanple by suitable selection of the grinding container and
grinding nedia materials and/or the use of gases hindering oxidation and

nitriding "ﬁﬁ@”i@{po&sh@e adeliekh@PleOby @ﬁl@&ﬁ&%&l@&l&@bf’ﬂ{&t Srifhg MGntaiter d@ior mat i on

step. 5 In a particular enbodi nent of the nmethod according to the invention
t he fl ake- |grkelingomediachetsrialseandfapdbe vst oihgaes hadegng pmdfailmaand)mtsﬂm;g for

exanpl e by i s kpown as melt s ect fromthe nelt by
cool i ng on %W%éfew}éﬁtlwh%FHPteﬁﬂP%501V§% 93?:{9 tb‘}/r’r%?ﬂ er(s), so flakes
are directly fornmed. 10 According to the invention the flake-like particles
obtained in the deformation step are subjected to comm nution grinding. In

t he processin opartibdao ambbdaiml;nt oh mepaethbd laecordiing rte ttler intventpar thecflaketltkieckness

rati ochanges, .primar |cl? é(itlla article dianeter to particle
t hi ckness rRAfigeHRre P 3 Geipa §}§B Ifigatimy SieP, Sof SaARle B ahabis K a5t her

hand, the dg ﬁé{%gl@r%%t . BRELIC ESfHRIEER 010 bodiing B br BRrRehSodlbii3ded Vi t hout

15 particl e aggl t to-conm nute occurring again.
Commi nut i onpgfaratdy ngolmhyolia{sé, splfhkes eirelduemgmiohaealn amll, for instance an
eccentric mll, but also in Gutbett rolls, extruders or si m | ar devi ces
whi ch bring about material shattering owing to different novenent and

stress f@t eﬁc&d}dfngg fth@hﬁrenug@th%cﬁé}{equ%g)ah?clésh@othﬂ!@ﬁi Hf%rﬁe Wf&ﬁt&

grinding is carri e presence o grinding aid. grindi
ai ds, waxesamrsdbectebno tbxlnmmmmjegnﬂchng éx mqprecesn;aqn the onaﬁxaﬂd ahe pheicty i ndl ng

aid. In this case the grindi act chani cal |
alameter to pagt cle tklcxgmess ratlggg/anoes gr‘:fmary part{cle% with a particle
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 pm 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



chem cally or nechanochem cally. 25 By way of exanple the grinding aid may
be paraffin oil, paraffin wax, netal powder, alloy powder, netal sul phides,
netal salts, salts of organic acids and/or hard material powder. 30 Brittle
powder or phases act as mechanical grinding aids and nay be used, for
exanple, in the formof alloy, elenent, hard material, carbide, silicide,

oxi de, boride, nitride or salt powder. 1By way of exanple pre-conmm nuted

el enent and/or alloy 12 powders are used which, together with the starting
powder used, which is difficult to conm nute, produce the desired
conposition of the product powder. Brittle powders used are preferably those
whi ch conpr PREdEs Arerysed pvicha fgethsg Pt t%xs SRItHIEOISHH S Piheids iR enent s
A B, C and b 1 1 A B, Cand D

havi ng t he %ﬁ%@gﬁ?%ﬁqﬁ%g&@??rcﬁ]h‘?%ﬁ%mngf/tgl? bg%lgf:@ geell'or mabl e gri ndi ng

ai ds, for exanple waxes, may al so be used. Oher exanples include

hydr ocar bons, such as hexane, al cohols, am nes or 10 aqueous nedi a. These

are pref er aBrijtle payeens dsehire Rrefarblyethoss) whidy cemprise, bingg), | texperig asd/ehs  of

further progessi I e MRy Re g iy r fter .C Lhution
gri ndi ngisJ I fu%%gr Q‘%’é‘%&%éogléi gﬁae JET% usSéRSgééﬁls%dzorﬁ %ﬁ?%‘%&’hﬁ’gﬁﬁ%@%p% are
known from pigianNB, Clanda agwes tRmyieis diveyabake used to stabilise
non- aggl onerating individual flakes ina liquid environment. In a

particul ar enbodi nent grinding aids are used which enter a targeted chem cal

reaction wth the arti. (.. to.achi eve the grindin rogress and/ or
for 20" ad) apihgod/eE el cBRYREe 2Rk B8, o gl o AEyRBL 31, ¢

exanpl e, degesmaTmBE exHNRes GrludedipRsdadsons OfuchhisChexant Yal oGt 1QanfBEE or |
constituents are required for adjusting a desired conposition, it being
possi bl €0t o aguaess anedia| These rag ergblyl empousde ok arashbe sequirsdsior tthent by a
thermal pr O(fglfoswing steps of further processing and/or which may be easily removed after

comminution grinding.

It is 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 aids 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.

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



25 Reduci bl e and/ or deconposabl e conmpounds, such as hydrides, oxides,

sul phides, salts and sugars are nentioned as exanples which are at |east
partially renmoved fromthe grinding stock in a subsequent processing step
and/ or powder netallurgical processing of the product powder, the renaining
resi due chemcally conplenenting the p?§der conposition in the desired
manner. 30 It is also possible that the grinding aid is not added separately
but is produced in situ during commnution grinding. In this case the
procedure may, for exanple, be such 13 that the grinding aid is produced by

addi ng a r et theegiadiingvaidcts prodmded Wynatkiing hecaction dak ivdiish edactoufden Wi on
grinding with the starting powder while formng a brittle phase. | drogen
i's pref er abPgnditiens O$§0tnﬁ@n\até<abgrﬂwgﬂsth thye starging mowder whHa Serening bt

produced durd for exanple by fornatlon
of hydri despféas /%}[‘%%E rye}a%l}lgggﬁ?%% reac‘ravgn%?}ed again by appropriate

nmet hod steps after comﬂ nution grinding or during processing of the fine
netal, all og_ or conposite powder obtained. 10 If grinding aids are used
whi ch ar& ndte rbémlﬁ/ehlase@rwkmlear@mrydlwdtduamgyrqa@n@vewthfth@mactlwegaﬁatfar al | oy

or conposite uce rdin nvent. o

preferably Sé%)f@'\éi?i’éf f§ ‘g’ih){%ﬁgei %Iﬁg?rn‘i”ﬂ escg}?gt\}s%lly Béé reﬂ?%gtag&mpl?%perty
of the matgphdbrihtd rﬁetﬁ@& Iste@dl affe BeHmifHoR @dikd 6P iuAfg tp?&eﬁﬁﬁ@%ﬁ”tﬁ@'
properties, reducing the COFFOdIbI|Itg i ncreasing the hardness and

i mprovi ng t Hioe atrtalsaltyy delhmposity povder Sbtainedf ri cti onal and sl i di ng
properties. The use of a hard material is nentioned here by way of exanple,
which is increased in content in a subsequent step to the extent that the

hard matgri af gﬁmngﬁldﬁ dfe byed vﬂﬁ&ﬁﬁ@ $60reWiovEd td?%r@bﬁleypaﬁ;umqeﬁebed @rd@r m a
hard metal or a hard material alloy cor’g}))osme ter the deformation

step and cortim nmatall cfdulogrqr redimpgsitchpovpder preducpdiacdordiag tothet inzentive dicy ae | oy or
Gomost L DOrier b SALSEH LAY E LR, LBV DRl a1l
materlal in a desired manner, such as improvmg the mechanical properties, reducing
the corrodibility, increasing the hardness and improving the 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 pum, 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



most 25 m 25 In addition to the formation of fine primary particles, the
known i nteractions between superfine particles can lead to the formation of
rel atively coarse secondary particles (agglonerates), of which the particle
dianeter is far greater than the desired nmean particle dianmeter of at npst
25 m despite the use of grinding aids. 30 A deaggl oneration step therefore
preferably follows comm nution grindingj4during which the agglonerates are
broken open and the primary particles |iberated. Deaggloneration nmay, for
exanpl e, take place by applying shear forces in the form 14 of mechani cal
and/or thernmal stresses and/or by renoving separation |ayers previously

i ntroduced 9fn m%baw@icég@/%ethmﬁ grassasr pn@ar thyc Iremoving eSepgesdigy| dayersat i on

thods to be .applied.i t] iented t d the d f
ool omer ot 1RV ORRY FiraluBa" | b BloReRs SRMER BRIy | Fpide B of ¢ he
5 super fi nejdagpReieraith tbRoadts %hﬁli@dﬁ%’?ﬂﬁichia@ﬁré dtidnt folwnt$ RRdidprQduct .

Deaggl onerati on may, for exanple, take ace by nechani cal nethods, for
i nstance byf agdamemtionj the igfemdedonsedapmt the Ishsceptthibonkngxidsitioui off ther

treatmernt in an. attrijor neader.or g.rotor-stator djspergator. The use
of a stressS¥F Fﬁ}xﬂgﬁﬁ@WE&ﬁféHuﬁﬂﬁﬁHDHF%F§§%ﬁﬁéﬁ¥§@§PH§h?? t her mal
treatnent, for exanple dissolution or conversion of a previously introduced
separating | ayer between the primary particles by cryo- or high-tenperature
t r eat nent s, Deagglornbrative alayc omesamplentale piace by duecbenioal methpdss ébinbtgncepr oduced
phases, is Egso ossible. 15 Deaggloneration.is preferably. carried out in
the presenct JEaBiat 5} 2 &% EOntaRHTALL, SCfa?%%rSéfiVH&p % Geatnsny Brahdttfera A

slurry, a n i : 0 LQNE Wyt j.ds: cont ent
Vi) PRaGer Br AORANL 80P ADAALOThe usB FPEIREATGIN Bs Belaldl;

between 1 a by wei ght us obt ai ne S ontents between
30 and Bb %ulixgsovaidghdatmenyt, thermdalrtesathyntpforeasmplt difsplltioaver qoavelsion of a
technol ogi cal processes such as .injection nmoul ding, filmcasting, 20
coating, anBFeMOUSKOIRTAANGFd SeRarabpe 1R¥FE Dot 08 RN RAARIIES SY B¥0ofT dryi ng,

releasing  ARf kPR Gelitheh®l B 2Bh&dalRoASon of introduced or purposefully

produced phases, is also possible.

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



A gas contrajet mll, which is operated under inert gases, such as argon or
nitrogen, is preferably used for deaggloneration of particularly
oxygen-sensitive powders. 25 The netal, alloy or conposite powders produced
according to the invention are distinguished fromconventional powders with
i dentical nmean particle dianeters and gﬂentlcal chem cal conposition which
are produced, for exanple, by atom sati a range of particular
properties. 30 The invention therefore al so relates to metal, alloy or
conposite powders with a nean particle dianeter D50 of at nost 25 m

det erm ned Mé&sﬂﬂ%!&@a‘?%& Micfothe® XEBBUYS IAMIMIPAD20-08, Mhich Qs 6&(1{1%% 100 to
ASTM C 1070- 01, i are obtal nable by the method according to the

i nventi on. Bihthe medtladd acabidmyg wrttle cowpowi.t e powders according to the invention
exhibit, for 5 exanple, excellent sintering behaviour. At |ow sintering
tenperatures the sane sintering densities nmay be attained as in powders

produced byﬁ]ﬁ{&;ﬁ aﬁlh&n an@%;%?r%?o@ﬂe Rgﬁgg?s PRWERENL mirﬁ/eﬂﬁorﬁ eg bitnegt

conpressed sity, hi‘gher teri ensities e achieved at the sane

sinterirg tempalatencellenthiisteiing rehsadusiAtt biw sinterilg wWriperatifesaths csagehi bi t ed,
for exanple, in the fact that, until the nmaxi numcontraction is 10 attai ned,
the cont r actiniANEdensidgestay Be attainethas pr pryedsss p@dg?eélabséatom%aﬁwantartm"

convent i ona| ot ;PJu‘?c%? %Q&%‘%‘?r Sdefo'é& cﬁﬁlﬁé%écf)&'e&sﬂﬂ i gﬁér sﬁﬂe?ﬁc d%h%%s

netal, alloy corrpos nean Snet

nost 25 pm M%eramllee@ﬂ u&h@gam@gnmﬁxglt&hperathée m&@@matdagedd@meﬁﬁg Mgt r aC( r)
X 100 to ASTM C 1070-01, wherein, until the maxinmum contraction is attained,

the contractsi @s0 exhkibisedyi fae @xasplag im thei fagt ebtentil tthe MREMMBMOGBUIECHRs it | east

1.05 times the contiracti f amstal al.l r osite r with
i denti nga c?itéafﬁlecdgl e n%’ggrﬁ%tl?oc?n anad g ofent P %P{m%'eé’m%grtllsclgée% arrg?rérm D50,
t he powder &@v@ﬁtldjﬂh‘ﬂgqﬁocﬁ@wﬁoham@g conpressed to a conpressed density of 50

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
D50, 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.



20 % of the theoretical density before the contraction is neasured. The
powder to be investigated may be conpressed by addi ng conventi onal

conpressi on-assi sting agents, such as paraffin wax or other waxes or salt or
organic acids, for exanple zinc stearate. 25 Metal, alloy or conposite
powders which are produced by atom sation and by conparison with which the
powders according to the invention have jighproved sintering behaviour, are
to be taken to nean those powders which are produced by conventional

atom sation known to the person skilled in the art. 30 16 The advant ageous
sintering behaviour of the netal, alloy or conposite powders according to

t he invent i dhe radyanthgeoub einterdiag) hekaydourroft the mefal, sdloyf ors cormpositegpamders

contracti on curyes, sho for exapple, in Fi.g..,7. 5 Fig..7 shows, for a
compari son BCHRIGRE (19) e JRI SRR R, AIbpPE)recaenied: Hght SORRS o SijEME 870 ¢ he
course of t@@nt%ﬁbﬁ%ﬁﬁv%@,&s@h&ﬁn}fﬁ@e%iﬁlé Eiﬁﬁsig?n.rate AS in each case in
relative units as a function of the tenperature TN standardised to the

respective sintering tenperature Ts. 10 The conpari son powder (V) is a
product produc by at.om sation under, i t .conditi nd with a

P onposi £ on FHort SXHmd CouPERaR K dehay b B ire dEZPD e e ol e 1
and the mor btk oPRMeCBhtrack e CoRitridifh FfeSA S P UAd 0

appr oxi mat e%%gﬂgﬂ’nt? ¢ gotrregpon S tr%c {bﬁla?egs}iegiﬁgvfm ﬁl F?%Agép g%'hg&sg\%ger
(PZD) accotelatige tnitd he ai fimetidn ofi thes tamproawder TRrtahdestisedctoothdi regpdcavExanpl e
| with the 15 porphology illustrated in Fig. 6 and an oxygen content of 0.4
% by wei ght _s1np§rtrgrtewp§qagﬁe\1"§.th 3 % by weight nicrowax as the
conpression-facilitating additive powder conpacts were produced fromthe
two powders in a conpression nould by applying a single-axle pressure of
400 to 600 riffe. comygargove epoveienV) yis waproduch grdduzed des ewndgpivaxundeéd iterof the

theoreti cal cggcrlli%io;xsy éndTvr\]/i(?c %c%glgggi%gg c\o@l\gés%og igg |:cc():I ichr\]d lo%{ the material described in
Example 1 and the morphology of this powder. The particle size distribution (D50
approximately 8.4 pm) corresponds to that as shown in Fig. 5. The powder (PZD)
according to the invention is a powder produced according to Example 1 with the

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.



sintered individually in a dilatometer to DIN 51045-1 under protective gas
condi tions and using argon as the process gas. Heating at a rate of approx.
| Kmin (corresponding to approx. 6 * 10-4 *Ts/min, where Ts: approx. 1,600
K) took place in the process. The push rod of the dil atoneter does not
exert any pressure on the 25 sanple which supplies a nmeasurable quantity for
sintering contraction in the terrperatuHe range that is of interest for
sintering (approx. 0.5 Ts to approx. 0.95 Ts). The organic pressing aid is
expelled to a tenperature of approximately 0.45 * Ts. The actual sintering
process tak 2k6 r ki ating
rate from a%%r%x. O.g%s}%ﬁ?gzgppp??‘)gf? }%ag‘g{h%rs}sm&%ﬁg‘?ﬁgeﬂg%\%a&h? ggé%ggffel?t e PZD
powder | eadutes whiehfayt libwdtratedotyithrthataidos Fagd/.tkorgsepalpose, the seqditedh ar e
illustrated with the aid of Fig. 7..For this purpose, the requjred_ terns,
whi ch all ov&e%[ﬂbéﬁ@?lélaﬁ%sacg?fﬁf%q&ﬁs‘ii’fP“PHé’fé hEiaIErIRg pﬁ?@é@és&ﬁ,ﬁ Bl bet i r ot y
be introduiﬁﬁ.%l' 24VT9p and PZDT90: tenperatures (in standardised units
according to R}l: T/Ts) at which the two sintering bodies, at a heating
rate of sapprox 6 * 104 * Ts, have attained a contraction of 90 % based on
the same fipal copfraction (= 100) attained, 10 "T10 and PZDTi o.

t enper at ur eslpARd st derdar di EBrperAtiies (actaadaidigd paitsragcerdmgto Tue Talisi 8h t he
two sinteripng. bogli als) t r * 1Q- 403 4T e
attained a g’glr%? r%(%ﬁ ?lgnﬁ%ﬁeﬂﬁg%&;m ’a%tre%l hgﬂgé%gﬂgg%pgrloﬁ(a cg%tragﬁ g%ye(: 100)
attained. Mhalnaindcd@dtion 60N Bisdd @8 tid sanst faadl asrdiastion (A 06) Aedaeddi ng to
TN = T/ Ts) at 15 which the two sintering bodies, at a heating rate of approx
6 * 10-4 * Ts, have attained a contraction of 1 % based on the sane final

t . : 2 . !
cOnt 1 kg o LRt & e SN A LB B B RR R R &5
whi ch the 28idKathic i ﬁﬁﬁtihg(ﬁddﬂﬁ, kfhehebting eae € hppdS( FN) 10ZDSTTNhave

contraction as a function of the standardi sed tenperature TN. _
attained a contraction of 10 %, based on the same final contraction (= 100) attained.

VT, and "PT;: 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.

VTmM and PZDTmaxz temperatures (in standardised units Ty = T/Ts) at which the

20 maximum contraction rate is reached.
VS(Tw), * b S(Tw): contraction as a function of the standardised temperature Ti.

VAS(Tn), P*PAS(Tn): temperature-dependent ~ contraction  rate d(S(Tn))/dTn,

25  determined from the contraction curves to be compared VS(Tw) and P2PS(Ty).

vSmax and PZDSmax: maximum value of contraction rates, determined from the

contraction curves derived according to temperature ¥ S(Ty) and P?PS(Ty).

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

are obtained compared to conventionally produced atomised powders:



VAS(TN), PZDAS(TN): tenperature-dependent contraction rate d(S(TN))/dTN, 25
determ ned fromthe contraction curves to be conpared vS(TN) and PZDS(TN) .
VS, ,,,,,, and PZDS,,,ax: maxi num val ue of contraction rates, determ ned from
the contraction curves derived according to tenperature vS(TN) and

PZDS(TN). 30 The foll owi ng general product properties of the powders
according to the invention are obtained8conpared to conventionally produced
atom sed powders: 18 (PZDTmax - PZDTi o)/ PZDTmax > (vTmax - vT10)/ vTmax (1)
PZDTinn < vTmax (Il1) PzZDT 0 < VTlo (Ill) PzDTi < VTi (I1V) 5 PZDV ()

Smax < Smax (Pz - mzbZDTi c)_ > (vJpax vTi0) (V) (PZDTnax - PzZDTl) >
(vImx - VTI §Py?Ma*7DZD(TFPQbT9§m PZDTi ¢\ gﬁevyr @/%ﬁzw o) (vily) (pPzDT90 -
PZDTl) > (vi®@g - "T1) (1X) 10 The fold owi ng concl usions (ﬂi&th respect to the
di fferent behaViour of powder (PZD powder) produced according to the

i nventi on aff@Tgpnpari son powder s< proddged by conventi onglIlat om sati on may
be drawn frem these inequalities: 15, The sintering range for PZD powder is

wi der. - The tTerrperature at whi ¢h contltacti on begi ns, at (WAl ch, based on
i dentic paogal contraction, 1Q % ofvet his final contract'Bcjn is attained and
at which® contP8ction attains its maxifffm is lower in p# powders. - The

peaks of thgZ@pptrd€Tgn rates obtai ¥y, fr¥my) he standardivgpd illustration
20 of Fig. 7,gean that PZD powders haye a | over contracti(%rh)rate at PZDTnax

than the cofipatison powder at vTPmax. ( Tmax- T1)
(*PTyo - *PTuo) > ("Teo-"Two) (VIID
(20T — P2PT)) S VToo- VT)) (IX)
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 "2°Tpax
than the comparison powder at YT max.

- 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.



- The initial tenperature range up to the contraction peak is wder for PZD
powders. - The tenperature range fromthe start of contraction up to the
maxi num 25 contraction is greater for PZD powders. - The tenperature range
bet ween the tenperature at which contraction of 10 % was attained up to the
tenperature at which contraction of 90 ﬁ was attained is greater for PZD
powders. - The tenperature range fromt % start of contraction up to the
tenperature at 30 which 90 % of the final contraction is attained is
greater for PZD powders. 19 These statenents relate to single-phase

starting stanas stherhéifts pOAEas Singldipidie sevieil stateh aff tmehpmd@é elnf thetdheht phases
not all of the inequalities (1) to (IX) have to al ways nmet together, in

particul ar W&t thers gﬁ feskarmhesasaiet pRi08 shenmpqunlidies (Dd@éIX)yhadﬁ t@zabvaysdwder

t t .of { I t t h
whi oh 1 at esmebieeieti nPnted Zigh RO 2t SRSt Bophi e BRLoo
capacity. ?&W@fedomﬁala% ¥ahi @iy oPfaftidflat r},ﬁgzemlg hb@@u@h& ¥ hqhtd/)phaieyl 1) and

(I'X) is unaffected i'n his case as well. The netal, alloy and conposite
powders ac cwhtthngltasocmrtsetutm\ae fitrthen advantage) wdihs taSpqul tohprdcessuign gagavity.

particul ar rticle no W|th r.ou p f reover
out st andi ng&géﬁ’ﬁﬁ‘? géel &ﬁ}ag olﬁFq‘%fH es g@) @{, C)&iﬁg:ﬂﬂcﬁ)&ﬁéﬂ? \‘7‘8{2’? ectyg ’dhd
particle siagsdisshs vution, by hi gh corrpressed density. This manifests

itself in that conpacts nade of atom sed powder have a | ower bendi ng
strength, ti nder ot herwi se identical production conditions, than the

conpacts ma wder s 15 according to the invention gnd.with the sane
chon cal conPbereln R FBn CoBRGYFPEEFSG AR ft%r et SRIOBy GFfont i n
1 SOTH SR ba U TR RSB R O 1
i nventi on anohr@®et byso¥tstbydingiaghipression ehdvioppwder owing tes e homparatively
broad particle size distribution, 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  diffusion and thus the sintering behaviour and the contraction behaviour and thus
allow higher sintering densities to be attained at the same sintering temperature or at
lower sintering temperatures the same sintering density as may be achieved with the
comparison powders, may be used as the grinding aid. Chemically decomposable
compounds, of which the decomposition products with the basic material produce
30 liquid phases or phases with increased diffusion coefficients which facilitate

compression, may also be used.



20 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 nore alloys which, owing to their low nelting point conpared to the
starting alloy formliquid phases during heating which inprove the particle
rearrangenent and the material 25 diffusion and thus the sintering behavi our
and the contraction behaviour and thus 281 ow hi gher sintering densities to
be attained at the sanme sintering tenperature or at |ower sintering
tenperatures the sane sintering density as nmay be achieved with the

conpari son o r d ' i.d. ' osabl e
compounds. SritanransFRY HE ags Ay, & ol E o s e I BHRET
produce 30 khawid ppbyagesorofof pRaggsrefletdd tarapaad editldi X fras ireflexpeeftht crent s
which facilitate conpression, nmay also be used, 20 X-ray anal yses of the
netal , al | opbleineddappevdes pathodie same dosadi pagticle diameterrandribe same shemicgl
propagation of X-ra efl exes.cq ed wi.th X- refl exes that ar

bbt ai ned T o BBAHIAHL Whe TR SRR L Solis R, B piobretoR g ditbndidisde
chem cal 5 ceyRRS bidpRFatidhi FFthalek Rt UsidIBOothe ha Blvidt B tRO X - GeREQRAFAt i on i'S
denonstrated 5 by the propagati on of half w dths. Usually the half w dths of

the X-ray refdpegated dyer fagtospadald edhisys gaysgd thyrthe mechanicatrsiressed statededl by t he

mechani cal gtressed stated. of he .parti.cl e t he exi.stence,of a higher

G sl ocat 1 onisengreys e s¥ e o AhERY' dofon' SGeY ¥, Fibodtsshif Flnge,
and the cryséiad lin e 8loafc irfihdeh@n®akd cHls@flite Isizet Methe5RtiQbs. [ROMPAALS Of
powders, alloy- and/or process-induced phases occur in the 10 diffractograns

i n addi ti oncomposite ppopdast i dley- ofand/be  Xracgss-indfidedx eghasés t hecurniin  thhase,
whi ch phases.are significant for the contracti.Q opertjes. met. hod
Accor i 00 ¢ QEREORHTEN St S0die PRAELIN 1o e gD refercy ohdte TARposi ¢ o
powders, | nfpﬂ@e?ﬂzh%)iﬂﬁﬁbsa?éﬁ@ﬂi@i%ﬁht f6AhB@PntrRA6ABréHefiad! | | con contents 15
are purposefully adjusted. Oxrde and/or nitride phases may formin the case

of introduction of oxygen or nitrogen as a result of the high application of

energy. The method according to the invention allows production of metal, alloy and

composite powders, in which oxygen, nitrogen, carbon, boron and silicon contents
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.



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

di spersion strengthening" 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 the
generally inert properties of the dispersoids with respect to the alloy
conponents, the latter nay therefore have a sintering-inhibiting effect. 25
As a result of the conminution grinding to be carried out according to the

i nvention, T}saaprdc@hmngroperéei nfréei mttel, \alloy med fdomployitdpstdérb utextding tbhe
produced po hases Sﬁ(;r med (for .exarrqpqloe oXi| del?P ni.trides, carbides,
bori des) art tlﬁﬁ?lg\%‘r Be SOMPISPSIAR g2 ehayionts@ndptheed in

t he net al | v, han in
convent i onaﬁ%g&%r gd(g&)cggémﬁwme nﬂgfdgbﬁggalloﬁ gﬂlgt {)ﬁp\g rsgtgrrsﬁé QSSIhnt ering
activity cofipbésontapd cﬂ!tlSng’ @heften bé mplm&edievq@rmaﬁsr iof addieg e, dioyd. 21
The processing properties of the netal, allaqy and conposite pomders

accor di my tY COReSItRANESTS ﬁon‘feéFlolé%Ué(rPéP@OF%én@éﬁ*ﬁF@é by GHPmRIFI% nt er i ng
behavi our, and the capacity for processing by netal powder injection

noul di ng (M M, slurry-based nethods or tape casting, may often be inproved

even furt heThdvestibnerstiralalsoatlaty t& nixtuepasitieg Pawde s b anightdfanal |y
produced, in partjcular by atom sation. The invention therefore also rel ates
to m xtur esméght%l loni pfgcampesiigspapydsy andiWhio §f%aby wsteht ofz Feyvestordiposi t e
powder and entionally pr oduced netal, alloy or
conposite p@r\?\)&ﬁeged‘ri&é%ﬁﬁll%&g%&ngsug gglgéc{ﬁ ng to the invention preferabl y
containiql0 to 70 % by weight of a netal, all oy or conposite powder
according to the invention and 90 to 30 %b ight of a conventionally

produced meTh¢ mixinresypcerrdingripdie tr@eymmsfer@y wréal@drwr@rﬁ()i 6riyl Veight @duced
metal, all oy ertalcgln?}p& Egmggweﬂovg‘tfé(f\%,&rﬁ'iggttg tlri@ﬁ'lventlon and 90 to 30 % by

weight of a conventionally produced metal, alloy or composite powder.

15  The conventionally produced metal, alloy or composite powder 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.



invention is preferably a powder which has been produced by atom sation. The
conventional ly produced netal, alloy or conposite powder may have the sane
chem cal conposition as the PZD powder contained in the m xture. M xtures of
this 20 type are distinguished frompure PZD powders in particular by a
further inprovenent in conpression behaviour. However, it is also possible
t hat PZD powder and conventional |y proddded powder have a different

chemi cal conposition in the mxture. In this case the conposition 25 may be
pur posefully changed and as a result specific powder properties and
consequent | the naterlal properties may be purposefully adjusted. The
follow ng e serve to describe the invention in nore detail, wherein

t he exanples are |ntended to facilitate understanding of the principle
according to the 30 invention and are not to be understood as a limtation
t her eof . 22 ThExaeapl I@s’thiheilmetm&ﬂi golea 1a|tla¢rexemslemrgdv@nmmdtusmge&arrpl es
wer e deter ed us otra 1 e US A to ASTMC
1070-01. 5 a8®r159,&8?\l 8??}5‘”6%10b %fée%)oaf‘%{gw% m sed by neans of
argon angl mnth the conposition Ni 20CI | 6C02. 5Ti|l.5A1 was used as the
starting powder. The alloy 10 powder obtai ned was screened between 53 and
25 m The ddnxgintple bas approx. 8.2 g/cmi. The starting powder had
substantially spherical particles, as may clearly be seen in Fig. 1
(scanning el ectron mcroscope inage (SEMinmage) nagnified 300 tines). 15
The starting REWRREc@RF) S aabednte a‘i’@rﬁ%&mﬁy ek | m'afg%n' Bnd vVﬁI theal
agitated ball mll (Netzsch Felinmahltechnik;” PR 1 S type), so the
originally sptmem‘;it;am NAPEr1oICe3. STahéﬂhMSfusa&easlﬁhkestaimngmovs?ﬂee Thﬁ labow ng

par amet %S \i\)%{iv er o etgmle VP grsgrlegrlxje!d%retween H" dq 95 Con I ee1r151¥yowgs approx. ]8 2
g/em’. 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 1S 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: 2.5m/s

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

¢ QGrinding 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)

o 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 e Solvent: ethanol (approx. 2 1).



20 Speed of rotation: 400 rpm Circunferential speed: 2.5 nmis Ball
filling: 80 vol.% (bulk volunme of the balls) G&Ginding container material:
| OOCr6 (DI N 1.3505: approx. 1.5 % by weight Cr, approx. | % by weight C
approx. 0.3 %by weight Si, approx. 0.4 25 % by weight M, < 0.3 % by

wei ght Ni, < 0.3 % by weight Cu, renmuindgr Fe) Ball material: hard netal
(WC-1 OCo) Ball dianeter: approx. 6 nmm(total mass: 25 kg) Oiginally
wei ghed in quantity of powder: 500 g Duration of treatnent: 2 h 30

Sol vent: ethanol (approx. 2 1). 23 Fig. 2 is a SEMinmage nmagni fied 300
times of tigflalses PEMDumegk imagnified 360 otimmed iodnthst BakesThmdategh idetheee of
mat eri al def ormat.i on, which s caused by &Be specific¢ grinding treatnent,
conpar ed wideHTEIREOR $i5P 1 | hegigh feee ﬁgvlaﬁéa]s prmatiogwgchivias qaased bydeur e of

th teri . f i I 5 i i
Lne mater | AbeGRE AL RO, TRtpBERoyEh S9E fulife SER e ST ik 0"
vi bration dbimdhieng the dttuctute ebthe aierial @ratk fonbMiddMaypalsdcleldy bokdsawi ng

process _engi neering paraneters was used: 10 Ginding container volune: 5 1
operated as a satellite (diameter 20 cm length approx. 15 cn) Ball

filling: 8Q-~vQol.%{hbu t he. hal |.s) i ndi ont aikn terial:
100 O 6 (D?q\?‘%’%‘%%ég %ﬁﬁb&r{%%.‘gg%cg‘?wlamé‘%g h?atgs,‘%géﬁ%r%og? S %%er@%g ht C
approx. 0. 3vibealiyn \Weinging il (Sigednik GnfbH, ESNOIPY) WattotHe MowindpRcdésby

weight Ni, < 0.3 %by weight Cu, remainder Fe) Ball material: 100 Cr6
engineering parameters was used:

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

cm, length approx. 15 cm)

e Ball filling: 80 vol.% (bulk volume of the balls)
¢ Grinding 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. 0.4
15 % by weight Mn, < 0.3 % by weight Ni, < 0.3 % by weight Cu, remainder
Fe)
e Ball material: 100 Cr6
e Ball diameter: 10 mm

¢ Originally weighed in quantity of powder: 150 g

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

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

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

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

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

in a third method step to deagglomeration by ultrasound treatment in isopropanol in



Ball diameter: 10 mm Oiginally weighed in quantity of powder: 150 g 20
Ginding aid 2 g paraffin Gscillation anplitude: 12 mm Ginding

at nosphere: argon (99.998 %9 . After a grinding duration of 2 hours superfine
particle agglonerates were obtained. 25 Fig. 3 is a SEMinage magnified
1,000 times of the product obtained. The <cauliflower-like structure of the
aggl onerate (secondary particle) nmay be24éeen, the primary particles having
particle dianmeters of nmuch |less than 25 m 30 A sanple of the primry
particles or superfine particle aggl onerates was subjected in a third

met hod step to, deaggl oneration | trgsoun reat nent in_jsopropanql in 24
an ultr asorﬁncumea\??’%g 1%036()%)%?/ ééjqﬂl‘f m@@?hﬁﬁ%fg‘gﬂbégmﬁﬂ)ﬂ“%ﬁgng 10
m nutes at %6sNR%H BURR bR PRE ) t i Rk Meparticles. The
particle sizeudistr?bu?%on 0 pthg gggggrgﬁ§%£?% s§§9¥§ﬁ§5§ determ ned usi ng
a 5 Mcrotrac(r) X 100 (manufacturer: Honeywell, U S. A ) to ASTM C 1070-01.

Fig. 4 shaq the partigle size distribytion thus obtained. The D50 val ue of
the starti nﬁ% Rrotiele siagastrbutiany the, deagalomeraisdsama Vascdetermined, usipg a
treat ment ageop ' J T i A Job YpQf 4pri mary
parti cl gs fr orétg%én@hgng?q érﬁgrbdrfi&\rﬁg{é%gﬁév\}g e ”’s%'}é@[{gﬁﬂqa@;qg?@ I((a)tr1 hglt%i ée third
met hod st ephoosdbaggttesaei dstribytién @aisnandined) Ehe Da6 vahurt ofjhet staiting and
subsequent ultrasound treatnent in isopropanol in an wultrasonic, device TG
400 (Soni ¢ RIVYdes vas 40| R RAG &S deAUch (9 ARRIOS B 4grbPY thedreaasntiAsrIgBRee. The
particle Shig}%ﬁﬁﬁ&gai” determned using a Mcrotrac(r) X 100. 15 Fig. 5
shows t he parfl cl'é"size distribution obtained. The D50 val ue was then only
8.4 m This proves the possibility of further increasing the fine fraction

in the powder produced according to the invention by high-energy
post - t ridat nEhft remaining quantity of primary particles from comminution grinding’ were

subjected in an alternative third method step to deagglomeration by treatment in a
gas contrajet mill and subsequent ultrasound treatment in isopropanol in an
ultrasonic device TG 400 (Sonic Ultraschallanlagenbau GmbH) at 50 % of the
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
um. 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



Fig. 6 shows a SEMinmage (x 600 magnification) of the powder after treatnent
in 20 the gas contrajet mll. By using suitable screening nethods it is
accordingly possible to obtain alloy powders with even narrower particle
size distribution. D50 values of |ess than approx. 8 mnmay thus be
industrially and econom cally achieved. 2él'he i ntroduced grinding aid paraffin
may be renoved during powder netallurgiCal 25 further processing of the

al |l oy powder by thermal deconposition and/or evaporation and may be used as
a conpression aid. Exanple 2: Production of Fe24Cr10Al 1Y superfine powders
usi ng nmechastiocabf a gptieidalngarting powdehefld Feddaigd Al Y hloy enbasmeanpartitlet he
starting 30 powder 25 500 g of a spherical starting powder of a

Fe24Cr 10A1 19%mpten P SR afifOamesss pracessed o fogmafiakesin psigfosmaon slagegnddrocessed
to formfla .in I : ndi ti ons anal ogous to those
descri bed i%ﬁ‘@g or?ﬁ?%gﬁé&%%ﬁr?gngg%@ggdg{r]l?)g%?%lg?was then carried out in an
eccentric vibration grinding mll, as described in Exanple 1. A m xture of
comminuted brittle Fe70C, Fe60Al and Fel6Y powders with a mean particle

di anet erd of Capprimxionginshagwes thenecapeedatde an egpaniriq vibsationpsiinding @illli anet er

D50 of 10 m was added ri ndi akd. 10 aripdy i s ;used for
conmmi nut i _onasg ?Sﬁﬁﬁfﬁgﬁn ﬁ’rsﬁaéﬁﬁglgallg tAi (I)l%kg"?e gt)ﬁ?xg&n.m‘%gd %\r}g[e. ?é%og?’ ge% ically

acting grinéimy pdwddrs wathtaymegeparti 618 taedthetbOsf dpBick. 40 @i andSHRd F€poRdant i ti es
of grinding aids nmay also be useful as a function of the proposed aim The

conposi t i onwith atrheangnartiade Agmesitad Rideef 10 wasaddaeseas thagadhgaid. A ni xture
containing 65 % by weight Fe, 24 % by weight C, 10 %by weight Al and 1 %
by 15 weight Y was obtained. The chem cal conposition of the starting powder

is accpydi nglgyoriinahidekadudd foh@omhRh@RnOfrirlive MHal ddaidroot Sk, W
specific distribution of the conponents used (starting powder, grinding
aid) is presdntoiaf a meechanipdli aetingyguading ohd as retypisl gontestufar bis piepduct i on
according tg the invenpti .Sp the conposite powder. under s _a
metal | urgi camelrnaaat fry i A B gRac TefiASR TubUSE G196 plhposed
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] | Fe [g] Crlg] Al [g] Y [g]
FeloeY 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 DS0 of 15 pm was obtained after

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



20 exanple by sintering or another thermal process. Table 1 Conposition of a
mechani cal grinding aid Conponent Quantity [g] Fe [g] C [g] A [g] Y [d]
Fel 6Y 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 O
Fe 6.43 6.43 0 0 0 Total 15 9.75 1 3.6 J 1.5 0.15 25 A conposite powder
with a nean particle dianeter D50 of 15 pm was obtained after comm nution
grinding and deaggl omeration in an ul trakonic field. It was possible to 26
obtain an alloy in the netallurgical sense froma conposite powder of this
type by thermal post-treatnment. Exanple 3 Pr oducti on of Fe24Cr 10A11Y
superfine pq n i cal r|nd|n and

conposition E%h‘bg?g %ﬁ{ﬁ‘% %fh&g}aﬁa Wg 8\%% g%&n‘??‘%‘g Qggh’ég E% 2, a
change in tfgrehPpostdleat@iposi tion was desired or allowed during the

grinding operation. An atom sed alloy of conposition 10 Fe25, 60r| O 67A1
with a nean particle di arreter D50 of 40 mwas subjected to a deformation

st ep under e C |t| escr Fl ake-11 ke rtlc wth
a mean partltErtj’I E“gfg 62 & ﬁ%%qg{%%%?%fﬁ%edpog er\ﬁHﬁler}g ‘i?iar ance
di d not signifi cantly nﬁfn%r afdk OsAdt RRkngiRY EK@rHéh@oamoﬁ%&ﬂﬁﬁfbdD%iﬂQﬂhQ“ ndi ng
was then carried out. The procedure corresponded to that Exanpl e | but

10 g of a Fel 6Y pomd@tarfmgpp\adman particle dianeter D50 of 40 m were used
as the grinding aid and the grinding lasted 2 hours. Table 2 gives the
conposi tion and quantity of flake-like starting alloy and the 20 grinding

ai d added fQqf GAMRNYIERMEE I NA ASngd 3R tRe %h&ﬁﬁﬁpébﬁxbé’é?u&ﬁ wditidsl-eker! 1 ke

starting alloy and nmechanical grindrng aid
allowed during the grinding operation. An atomised alloy of composition

10  Fe25,6Cr10,67Al with a mean particle diameter D50 of 40 pm was subjected to a
deformation step under the conditions described in Example 1. Flake-like particles
with a mean particle diameter D50 of 70 pm 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 pm

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

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

20  grinding aid added for comminution grinding.

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

used

Component Quantity [g] | Fe[g] Cr [g] Al [g] Y [g]
Fe25,6Crl0, 67A1 | 150 95.6 384 16.0 0
Fel6Y 10 8.4 0 0 1.6
Total 160 104 38.4 16.0 1.6

25
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



used Conponent Quantity [g] Fe [g] C [g] A [g] Y [g] Fe25 6C 1O 67A1 150
95.6 38.4 16.0 0 Fel6Y 10 8.4 0 0 1.6 Total 160 104 3 8.4 16.0 1.6 25 As
may be seen from Table 2, the conposite powder obtained had the conposition
Fe24Cr 10A11Y. The conposite powder was subjected to an ultrasound treatnent
after which a conposite powder with a g%an_ particle dianeter D50 of 13 27
sm was obtained. Exanple 4 5 The procedure was as in Exanple 3, a m xture of
a plurality of brittle materials and pure iron powder being used as the
grinding aid. Table 3 contains the conposition and origi nal weighed in
quantities @k wabeb@imeati ng powder and grinding aid. The brittle grinding

ai ds Fe60Al, Fe70Cr and Y2, 2H were 10 brought to a nean particle dianeter
D50 of 40 sm before use in a separate grinding step. The Fe powder used had
a mean partli':cle dianeter D50 of 10 m Table 3 Conposition of the flake-like
starting al Wn%lﬁé t he nechanical grinding aid wused 15 Conponent Quantity
Fe [g] C [Si Al [g] Y[9g] [9] Fe25,6Cr10, 150.00 95.60 38.40 16.00 0.00
67A1 Fe60A1 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 OTtEOprocdidrelwé$as in Example 3, a mixture of a plurality of brittle materials and

pure iron powder being used as the grinding aid.

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 um 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] Cr[g] Al [g] Y [g]
(e]

Fe25,6Cr10, | 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
Fe24Cr10A11Y. The composite powder was subjected to an ultrasound treatment

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

Example S Production of a Fe24Cr10A11Y superfine powder from two FeCrAl

master alloys and Fel6Y as the single brittle mechanical grinding aid



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 conposite powder obtained had the conposition
Fe24Cr| QAl 1Y. The conposite powder was subjected to an ultrasound treatnent
after which a conposite powder with a nmean particle dianeter D50 of 15 m was
20 obt ai ned. Exanple 5 Production of a Fe24Cr| QAl 1Y superfine powder from
two FeCrAl nmaster alloys and Fel6Y as ©2Be single brittle nechanical
grinding aid 28 Flakes with nmean particle dianmeters D50 of 70 m of which
t he appearance did not significantly differ fromthe powder produced in
Fig. 2, were produced in separate deformation steps anal ogously to Exanple
1 fromtwo atom sed alloys with the 5 conposition Fel9,9Cl124, 8A1 and

Fe27, 9Cr SAIpukEdw TR RikaRFattige ﬁlaﬁ'le@é??t)SO%f%Qtn?fof vﬂﬁcmhezﬁsﬁe&@ﬂaelcﬁw hat 1y

bri ttle Fel6Y al oy was used as the only grinding aid during subsequent

conmmi nut i 0n51gn1|fmelmtbgd1ffMNfIﬂm a‘thd puywdlmcprqzmmvd iy 2eere podoteiuinestpaate 10 a
mean particle. di aneter

ro The procedur s as..in Exanple
1, grindi ngd¢tQEPRYRY BB ﬁ%ﬂ?%ou 20 éxﬂmé’l‘}m 4ror t&‘? atg gs”\fliﬁ’iyﬁnw%gh%rl gP nal

wei ghed 4 n t t I nd of
the bri tjt I eg%{f}?&%?%gpg:@@éb@ 8A\$)Q.nd%ﬁ(rg%+jph%lﬁ?%§ﬁs %?lgrr? dcl) et"tﬁlleS If9 (§ﬁ€- lice

starting al Houm.and the nechanical grinding aid used Conponent Quantity Fe

[g] C [g] A [g] Y[g] [g] Fel9, 9Cr24, 43 23.8 8.6 10.5 0 8Al Fe27, 9Cr5A
107 71.8 29.8 5.5 0

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 pm. 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] Cr [g] Al [g] Y [g]
[e]
Fel9,9Cr24, | 43 23.8 8.6 10.5 0
8Al
Fe27,9Cr5Al1 | 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



Fel6Y 10 8.4 0 0 1.6 Total 160 104 38.4 16 1.6 20 As may be seen from
Tabl e 3, the conposite powder obtained had the conposition Fe24Cr 10A11lY. The
conposite powder was subjected to an ultrasound treatnment after which a
conposite powder with a nean particle dianeter D50 of 12 mwas obtained. 25
Exanple 6 In situ production of the grigglng aid 29 An atom sed N

5Col OCr 5, 5A14, 8Ti 3Mb1V al l oy, which is comercially available under the
brand name IN 100(r), was subjected, as described in Exanple 1, to a
deformati on step under an inert atnosphere. 5 No brittle grinding aid was
added during subsequent commi nution grinding, rather it was forned in situ
during the gnlndlng ﬁrocess For th urpose, the eccentric_ vibration

grindi ng mi An ajgarised b@&?lﬁﬁf%i&l‘bﬁ@ oA ¥ ko ye Bihasheis icammestcigy @tﬁllab% argon

and 6 vol. % Th I SO a
10 proceSS|WﬁP¥gﬁpg FUES é%@gggN ?%ﬁﬁgg'esf&ﬂﬁps e%%ﬁﬂggﬁg%§

grinding paEERSSioANL r@hﬁmﬁpmhbqﬁ@kpn of energy. The renaining grlndlng
conditions corresponded to the procedure described in Exanple 1. The
eIevatedStenperature and the hydrogen content of the process gas led to the
formation o tle T nds ich ac ed i.n.the sane, manner
ne the ori niiorgteld eiadihe Plodagted o GNEIET AL g RENE el R,

comm nut i Onwaé\fft)ﬁﬁecgm @ﬁa rtmnhgache | @ida ﬁrob&ssumerthﬁ pltpEico gieN w6k Ni NY
at nosphere, an alloy powder wth a mean particle dianeter D50 of 13 m was

achi eved. Th@rattwergmding:mﬂbwss floagdedorith hea&rasdmtea:nn&stupgewﬁ‘%n@l p%vmiecm
differed onl tJ Ofr that .of th .starti h drogen
content ros f{ &J {1] 6063'%8%"?“ & ggndipg R neﬁr gaggﬂqrﬁ@% mF‘Hg[egi Iséy powder
pr oducegl ac gRjcaisi tanﬁé?@cutentsprat,pﬂﬂ 300 dtwsog@atbteﬁm QRting &ht Srhdied ow
approx. 50 ppmagain as a result of sintering under

process owing to the application of energy. The remaining grinding conditions

corresponded to the procedure described in Example 1. The elevated temperature

and the hydrogen content of the process gas led 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 S 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 um 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 Ni38Cr8,7A11,09Hf 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



vacuum 25 Exanple 7 Si powder as the nechanical grinding aid Spherical

atom sed Ni 38Cr8, 7A11,09Hf with a nean particle dianmeter D50 of 40 m was
subj ected, as described in Exanple 1, to a deformation step. 30 150 g of the
flake-1i ke 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 didafreter D50 of 40 m being added as the
grinding 30 aid. After grinding that lasted 2 h an alloy powder with a nmean
particle diameter D50 of 10.5 mand the desired conposition N 35Cr8A18Si 1Hf

was obtained. The silicop used. is desirable or necessary in terns of alloy
engi neer i ng?ldOAIgﬁ“ﬁgnﬂg’élgit ftelastggd 2 b 28 3oy Rl é(‘flﬁ‘sa §ieapspaﬁ%?l?id£@%t?q y

sui tabl e ow [ ' : h : t was
appr ox. 0. a050sH 305 EmPARREE eSRed iyl ARSI o
wi th a neansifiesdt isdes desirableeor f¥sOssafy #terms dDallwyserpiresiat eOf tiespateibbe | bed in

Exanple 7 by using an attritor (agitated ball] mll), to. a deformation step.
b é}éldﬂp%@caawé% ISeWIngHLo its PRApSTlRSe AHRE BeRMeR) powder

Subsequent PBHgigRRAINGRL

(13 g) a@s i ndi [ ke Se agitated ball mll, the

foll ow nsg t{ggﬁ)r}f?g%rp%n?%tgégggﬁgogiHS\Mb/gibkgveg%}t'ust ed: @Ginding container
volunme: 5 1 Ball filling: 80 vol.% Ginding container material: 100 Cr6

20 Ball nmaterial: 100 6 Ball dianeter: 3.5 nm Oiginally weighed in
quantity of Exam®e8 150 g Ni38Cr8, 7A11,09H  Circunferential speed: 4.2 ni's
Ginding |liquid: ethanol

Spherical atomised Ni38Cr8,7Al1,09Hf with a mean particle diameter D50 of 40 um
10  was subjected, as described 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

e Ball filling: 80 vol.%

¢ Grinding container material: 100 Cr6
20 ¢ Ball material: 100 Cr6

o Ball diameter: 3.5 mm

e Originally weighed in quantity of powder: 150 g Ni38Cr8,7Al11,09Hf

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

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

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



25 Ginding duration: 1.5 h Ginding aid 13 g Si powder (D50: approx. 40
m After grinding that lasted 1.5 hours and subsequent ultrasonic

deaggl oneration an alloy powder with a nmean particle dianmeter D50 of 13 m
measured using a 30 Mcrotrac(r) X 100, was obtained. The silicon used in
this case was desirable or necessary Ié]lBt erms of alloy engineering in order
to adjust the end conposition 31 N 38 7A11, 09H and in terns of process
engi neering for attaining the desired grinding effect. O the el enents that
may be considered silicon is best suited as the grinding aid owing to its
brittl enesNi3§0is37 AN 0HMEhPi0eemS Ifgfodeds @ginBEHIRASE ithidihe thodygea content
in the powder. Af ‘the conclusion of the grindi ng process the oxygen 5

cont ent wagrmxdmg%ffgsat vied @@telemmaérrgyﬂvewn@dp@dlsﬂamm Ses suited as the

Ni 17Mo15Cr 6Fe5W Co ,al | i Ean artlr&le di amateci 10. D50 of ﬁl

which is ¢ F’c,gua&ﬁo&“ é?ﬂ&t?P Uitter PHETRPTOSEYdFT & T RE2snds e

subj ected, Aggéiesaiteha thdpsxadPAethE, coh&uéioﬂ%‘}"@f{ef@ﬁﬂ pioRess tHe1exydenke- | i ke
particles obtained were comminution ground in an eccentric vibration

grindi ng nidontenhwah@.4ghdyeneightof tungsten carbide as the grinding aid and
under the 15 foI I owi ng conditions: Ginding container volume: 5 1 Ball

f||||ng 80 vol . Ginding container material: 100 C6 20 Ball material:
WC- | Iﬁgﬁ&j mat eri al Ball diameter: 6.3 mm Oiginally weighed in
quantlty of po 150 g Cscillation anplitude: 12 mm G inding

at nosphere: argon (99.998 %9 25 Ginding duration: 90 m nutes
A spherical atomised Ni17Mol15Cr6FeSW1Co alloy with a mean particle diameter
10 D50 of 40 um, which is commercially available under the name Hastelloy® C, 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
¢ Ball filling: 80 vol.%
¢ Grinding container material: 100 Cr6
20 ¢ Ball material: WC-10Co hard metal material
¢ Ball diameter: 6.3 mm

¢ Originally weighed in quantity of powder: 150 g

e Oscillation amplitude: 12 mm
e 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



Ginding aid 13.5 g WC powder (D50 = 1.8 m The result of conm nution
grinding was an alloy hard material conposite powder in which the alloy
conponents had been comm nuted to a nean particle dianmeter D50 30 of
approx. 5 mand the hard material conponent to a nean particle dianmeter D50
32 of approx. 1 m The hard material particles were substantially
honogenously distributed in the alloy power volume. The alloy hard

mat eri al conposite powder could be processed by conventional 5 process
steps to forma spray powder. For this purpose, 797 g WC with a nmean

ticle di t 0 T 3 S =AY/ l,yvi nyl
Pl ¥ R R e R R O T R A
material  compgsittRiPBeERby powddtctimecording to the invention for

di spersing and generating a suspension. A suspension was produced which
consisted to 25 vol. %of the 10 netallic binding phase and to 75 vol. % of

the WC hard . nat er | hase.. Thi ' furth d b
o anul at  on TERievabely PRl doBpo Rl Raa Tl e Pb A5t B SVERS ar £ o o
size of 20 P& Q@egér I 6K ANipeayaPWldraFbe thi 71 b yweerRM ednfea@m t hi s

£i
green spray powder by gas evolution at 100 to 4 gsé and™ sintering then took
pl ace at appedicle djaBBerdihdeASAMikhesd (BSSdsphénem, dthanohePVA (pehoesd sol i d

bond d.in the. . | | i d d bet th
i vi duat GaaD @ P oBRR e Sieaa (B8 e &) TecHBY g M.
desired gr a'c@g%)?ﬁ_@é H AR FpPEduRERAROE AR td Be Irvelioh E@idperst deBERsind Ne

powder thus ai ned could be further processed by thermal injection in a
known mannera swspémsion. Aasudpensionl wes pomivpedevitish condtiged wh 123 wol. &b ladythbar d

LT 2, oM AR AP 2010 T ATl puicrt o, regn oy hcle
anal ogously g, R¥BARIA further pRcEBséd B 8frayd@anulation and classification to form a
green spray powder with a particle size of 20 to 63 pm. The organic auxiliaries were
firstly removed from this green spray powder by gas evolution at 100 to 400 °C and
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 um.

30

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

by conventional process steps to form shaped articles. To protect against oxidation



The fl akes were then further processed in a conm nution step anal ogously to
Exanple 1, 10 g Ti H2 being added as the grinding agent to the Ti fl akes used
(original weighed in quantity: 150 g). After comm nution grinding there was
a fine titaniumpowder with a mean particle dianmeter D50 of approx. 15 m
30 The titani um powder produced accordigg to the invention could be further
processed by conventional process steps to formshaped articles. To protect
agai nst oxidation 33 the titanium powder produced according to the
invention was stored in an organic solvent, for exanple n-hexane. Long

chai n hydr ahartianisn mwcler asoduacdhhddonding to g mesptiosewes siddedinpan orgahm powder
metal lurgical further processing. For this rpose, the paraffip was
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t her eby andpurpbee, theppaoaffimewss dissadvetpfoe examplei inyn-hextaneyvaiiied Thitke ppwdedur e
allows the titanium powder to be prqcessed in air. 10 After processing in
terms of podsetie mehaxant gy thes %9%@33\6 oRtippyscdrayiation pf|the pPawAer. A
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t hermal deconrposi Ing ard and s

subst anti al {h¢ idgpHcemebapedmpedsibliRg achieked | Taée probbdimsadiiovg the tithaikes nmade
of an alloy 17-4 PH(r) (Fel 7Crl 2Ni 4Cu2. 5Mo0O. 3Nb) and whi ch had been
produced anBPBEBISbyPIASCERAHPRE 1, were treated in a contrajet nmill. The
flakes had a particle dianeter to particle thickness ratio of approx.

1,000: 1 and a nmean 20 particle dianmeter D50 of 150 m The contrajet m |l was

oper at eth Wi Bfitet BRICEssfigSin teAho bt pewdapiectinolaly taefotrhi shhpedMaitieles B dsingle- been
pre-treated, of the sanme alloy with a particle dianeter between 100 and 63
mwas used aslet ¢EnRIETSHL igmavey. offtee asgdnitdicApstitribdr g vhermab: treghpemx. 5 1)

was filled Megxgalzdecgm})oﬂﬁx\g‘sf tlgbgrﬁd\i’rpé af%nd sintering to form substantially dense

shaped articles took place.
15 Example 11

Flakes made of an alloy 17-4 PH® (Fel7Cr12Ni4Cu2.5Mo00.3Nb) and which had
been produced analogously to Example 1, 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 pm. 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 um by corresponding

adjustments of a sifter connected downstream of the mill.

In contrast to the earlier examples, comminution grinding and the generally required
deagglomeration were performed in one step by the procedure described. A
30  particular feature of this procedure is the use of characteristic or alloy-like powder

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



(67 % by weight grinding aid and 33 % by wei ght flakes) and the grinding
process 25 initiated. The fine fraction produced was separated at 10 m by
correspondi ng adjustnents of a sifter connected downstreamof the mll. In
contrast to the earlier exanples, comm nution grinding and the generally
requi red deaggloneration were perfornmed in one step by the procedure
described. A 30 particular feature of ghis procedure is the use of
characteristic or alloy-1ike powder that cannot, or may barely, be

conmm nut ed and which |l eads to an increased 34 application of energy in the
grinding process . and thus to an inproved grinding effect. Exanple 12 5 An
at omi sed Ni apphigatiney Bf—éBQKEEo‘nai%Fo%UWI% PEPCRESaMdy HIIS| t6] @ HNBIANES IHAINEDD t o
63 m whic ef%%tcom’rer cially avail abl e under the name Hastelloy(r) C, was
mechani cal |'y Treated in a hi gh energy mll (eccentric vibration mll) under
the following conditions: 10 G&Ginding container volune: 5 1 (dianeter 20
cm length approx. 15 cm Ball filling: 80 vol.% Ginding container
materi al : 1Bgamgpk 5 Ball material: WC-Co hard metal Bal | dianeter: 10 nm
Oiginally weighed in quantity of powder: 300 g Oscillation anplitude: 12
mm G inding atnosphere: argon (99.998 %9 20 Ginding duration: 2 h Fl akes
wer e producgd awihicéd Nat/Mo IS @EBESW 108 allbY Githesmebpar@icRf didmeterBE160 {d ake

63 pm, which is commercially available under the name Hastelloy® C, 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)
e Ball filling: 80 vol.%
¢ Grinding container material: 100 Cr6
15 e Ball material: WC-Co hard metal
e Ball diameter: 10 mm
¢ Originally weighed in quantity of powder: 300 g
e Oscillation amplitude: 12 mm
* Grinding atmosphere: argon (99.998 %)
20 e 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 um, determined using a Microtrac® X 100, was thus produced.



t hi ckness of approx. 20 m 25 Conm nution grinding then took place in a gas
contrajet mll. During comm nution particles which had a particle dianeter
of < 20 mwere renoved by suitably adjusting a sifter connected downstream
A fine all oy powder which, after ultrasound treatnent, had a nean particle
di ameter D50 of 12 urn and a D90 val ue;s of 20 lun, determ ned using a
Mcrotrac(r) X 100, was thus produced. %5 Clains: 1. A powder product
having a nean particle dianeter D50 of at nbst 25 m determ ned using a
particle neasuring apparatus in accordance with ASTM C 1070-01, wherein
sai d powd«flajmsoduct has a maxi mum contracti on val ue, determ ned using a

dil atonmeter in accordance with DIN 51045-1, of at least 1.05 tines the
contraction value of a conparative powder having identical chem cal

conposi tiqn andAigenfel AddubEBAVin@aAr fksi ParficienEhBEEPDF0r 6f at st 29 ppdi d
powder product, the powder product and the conparative powder each being
conpr essedleteemined ypipe aspasticlel erpasuring appaatusgoaccordaaes with I TMdndP10,0bef or e
measuring cont.racti I f . i i . ct is
el oot ed rTBRbrad PSR HEEi iR 5 BrkinE, PREEAD, YR, BB BEREY

conposi t e dilawdrter iaccbrdanpowite DINT5 10451 Mo fl atWeber 05 tigb thep@htrhcion valuge
nmeasuring apparatus.is a M CROTRAC X 100 particle sjize measuring apparatus.

of a comparative powder having identical chemical composition and identical mean
particle diameter D50 relative to said powder product, the powder product and the
comparative powder each being compressed to a compressed density of 50 % of
theoretical density before measuring contraction values, and further wherein said powder

product is selected from the group consisting of metal powder, alloy powder and

composite powder.

2. The powder of Claim 1 wherein said particle size measuring apparatus is a

MICROTRAC X 100 particle size measuring apparatus.





