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vt (57) Zusammenfassung: Das Verfahren zur Herstelung von hochpordsen, metallischen Formkdrpern umfasst die folgenden Ver-

Q fahrensschritte: ein als Ansgangsmaterial verwendetes Metallpulver wird mit einem Platzhalter vermischt, aus der Mischung wird

..____ ein Griinkorper gepresst, der Griinkrper wird einer konventionellen mechanischen Bearbeitung unterzogen, wobei der Platzhal-

€f) ter vorieithaft die Stabilitit des Griinkdrpers erhoht, das Platzhaltermaterial wind an Luft oder unter Vakuum oder unter Schutzgas

S thermisch dem Griinkdrper entfernt, der GriinkGrper wird zum Formkorper gesintert und anschiieBend vorteilhaft trovalisiert oder
gleitgeschliffen. Geeignete Materialien als Platzhalter sind beispielsweise Ammoninmbikarbonat oder auch Carbamid. Die mechani-
sche Bearbeitung vor dem Sintern erm&glicht vorteithaft eine einfache, endkonturnzhe HersteHung auch fiir komplizierte Geometrien
des herzustellenden Formkérpers, ohne die Porositit zu beeintrdchtigen, und ohne hohen WerkzeugverschleiB, Das Werkstiick ist
vorteilhaft fiir die Griinbearbeitung ausreichend druckstabil, da das Platzhaltermaterial wihrend der Bearbeitung noch in den Poren
des Griinkrpers vorhanden jst.
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METHOD FOR PRODUCING EIGHLY POROUS METALLIC MOLDED BODIES TO CLOSE

TO A FINAL CONTOUR

The invention relates to a processa by means of which
porous and especially highly porous componente can be produced to

close to a final contour.

State of the Art

10 The pressing of metal powders for the production of
porous metal bodies is known. To produce the desired porosity the
so-called place-holder material {dunmy material] can be added to
the metal powder to enable the desired porosity to be stabilized.
After pressing of the green body from the powder mixture, the place

15 holder material is then removed from the green body so that the
green body consists only of the remaining metal powder framework
which has spaces within its framework structure., The green body

has thus already the porous structure which is later to be found in



~_ consists of the followng steps: a netallic powder used as a starting
material is mxed with a dunmy; a green body is pressed out of the m xture;
the green body is subjected to conventional mechani cal machining, the dunmy

_advant ageously increasing the stability of the green body; the dummy

. vor i@i | hafrbdhict epylineati o bamirbpriakty salEeRt % (@8R8 - TRETF™

: Geonetrien 9.'

material is thermally separated fromthe green body by neans of air, a
vacuumor an inert gas; and the green body is sintered to formthe noul ded
body and is then advantageously finished. Suitable nmaterials for the dunmy
are, for t'9 exanpl e, anmonium bi carbonate or carbam de. The nechani cal
machi ning carried out before the sintering agyvgnhaggpusdy/oenapbesss a sinple
pro@8t¥8on close to the desired final contours, even forconplicated
geonetries of the noul ded body to be produced, without inpairing the
porosity, and w thout high wear of the tools. The workpiece is

advant ageously sufficiently stable in terns of pressuhe for 'i;hﬁi een
machi ni ngy@sadiaeadbsay. nanethaldrivieg i49f pfetintPlater ARLYTT 8&*6F *TTe green
body during the nmachining. v-t 7 erDaSaMedr&r eBy Zur

Her st el | omgy ®#¥ R6c Eﬁ,t?rééagﬁ):?]s%ghen E%?%ﬁ rpem unfasst die f$l enden
Ver- o fahrensschiht {hsednbnel sinbesgangsihuber bage \amde ngleR iR POrge 5‘8

wird mternem Platzhal ter verrnjscht us . der S : W4 Ll n
G bnkdr prslampresyt canidre eptpi@tdhdr V(H‘%’ @hﬁe?o%%églr%??é%&éﬁjean nmechani schen

Bear bei t ung$ lg%:bglr égﬁlgg%tt\%gghepqt Rhai Z h@ntictesurbideni biradinthizdngt abi | i t at

| ver

des 5&ri i fik S Platzbaltermaterial wird an Loft oder enter

Vakuum oder enter Schutzgas C therm sch dem G vnkorper entfent, der

G unkorper wird sum Fornk& tper. gesi iy il 3Bang ¥er tidie haft

trovalisiert Oder AngE?{%'@fc?ﬁﬁ?*‘?eern.meHaqu _

Ceei gnet %N@%Qﬂ&l ignabsilatrhall s siondbeimpiiess wek bavinedsnPighinetbdat oder
am d.

auchCarb D emechani - sche Bear bei { ung vor de | nt MoQidicht
vort ei | hattaelneccaipengehe a%en RO d#ﬂ&hgbﬁb'??t%ﬁf%jgswau%}%}?ﬁ% komgl izierte

es, fie engan: EOTJHAbRES Sat i0ANOF dtite Remudkingt an
o %trféﬁ%ﬁ!r'\gg hohen Werkzeugverschl ej 6. Dassegr kst Uk i st

beei nt i aF¥¢RP
eei nt i aPERP CSL gl st

.Plat zhal termaterial wahrend der %f%g ?ﬁ%iuggc@%&ekﬂaﬂ@mﬁﬂ glignilfixant
r :

@i i nkdr gEeenyBPfisftrentFst® 2813

ans of PCT/ DE0O3/ 01484 TRANSLATI ON

' Descri pt i QpeMEHEAFER BRORMGINE] Hb Gl ¥cPEROMSIVERNET + B MIBERF BEHES TO
"CLOSE TO A FINAL CONTOUR The i nxenti on rel g{o}gsaltloo PLOGRIS 1RYusEANS Of

-which  pansdachadiiaie6ral F52N Y
;Close t()ﬁ%#gegakegéfgdydﬁcafiﬁﬂd%eggeéfﬁihértitanium, aluminum, iron,

FY BRseShE?

hponent's can be produced to

15 chromium, nickel, etc. so that high concentrations of impurities

remain. It is also a disadvantage where thermoplasts, which are to

be removed by heating the green body, are used in that the

expansion at the glass transition peint has a detrimental effect on

the requisite stability of the green baody.

20 Alternatively, high melting inorganic contents, like

alkali salts and low melting metals 1ike magnesium, tin, lead, etc.

are zlso used as place holders [dummy materials]. Such place

holder materials are removed in vacuum, oY under a protective gas

at temperatures between about 600 to 1¢00°C from green bodies at
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10 The pressing of nmetal powders for the production of porous netal bodies
I's known. To produce the desired porosity the so-called place-hol der
material [dummy material] can be added to the netal powder to enable the
_desired porosity to be stabilized. After pressing of the green body.from
the powder m xture, the place 15 holder material is then renoved fromthe
green body so that the green body consists only of the renaining netal
powder framework which has spaces within.its franework structure. The
green body has thus already the porous structure which is later to be

found in 1 23138 Transl. of PCT/ DE03/ 01484 416 00! deddrgdgosforaske driving
of f23%3& he pl ace-hol der material, one nust be concerned to maintain the

nmet al powder framework. By neans of the subsequent sintering of the base
body, a high porosity nolded body can be obtained in which the . .powder
particles are 5 diffusion bonded together at their co tact ggr}}]@ces by

si nt er i ng.ghAsnéfgy poatcahd|idern tiverdRSURIBE RIS er i af | IO the formation

of porous netalljc nol ded. bodie el Ald Y GhY D 18Bhiitigs eLlhNi C
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appropriate solvents can be renoved, fromthe n | &S aniihm) S @ problem
Wi th suctmsmbdrinelded hedier i meaghtve eﬁé"h‘i gm&q%egi:t% %eﬂghe removal of

pl age- hol der. naterials apgnfERGHangickerduct s which can react with
praét [ ca‘?f‘ﬁniéllufn' o#cﬁfe “retals used in powder netallurgical processes |ike

titani um fal um num i ron, 15 chrom: um ni pkel , etc. so t hat high
fﬁgfﬁgf@{ a gnswﬁ}c Erom B 196%38 'FFREl, 4 tndtBod! 52 marduganygTageraher e
metailic molded bodies is known in which initially metal powder and
a place holder are mixed and then pressed to a green mass. In this
operation both uniaxial as well as isostatic pressing can be used.
10 The place holder or dummy is then thermally driven out and the
green body then sintered. If the powder-dummy mixture is
stabilized with a binder, it is in primciple possible te produce
even relatively complex compcnent geometries by multiaxial
pressing. The fabrication of the pressing dies for this purpose is
15 however expensive and difficult. Eespecially for small series of
pieces it is therefore advantageous to produce semifinished
products or blanks with a universal geometry (for example cylinders

or plates) and then by subsequent mechanical processing to impart

the desired final contour to the product.

20 According to the present state of the art, the final
shape is imparted to highly porous shaped bodies only after the
sintering by conventional mechanical methods like for example
turning, milling, boring or grinding. It is a disadvantage of
thege subsequent machining operations that the already sintered

[



be renoved by heating the green body, are used in that the expansion at
the glass transition point has a detrinental effect on the requisite
stability of the green body. 20 Alternatively, high nelting inorganic
_contents, like alkali salts and low nelting netals |ike magnesium t.in,

| ead; etc. are also used as place holders [dummy materials]. Such place
hol der materials are renoved in vacuum or under a protective gas at

t enper at ures bet ween about 600 to 1000C from green bodies at - 2 23138
Transl . of PCT/DE03/01484 hi gh energy cost and in a timnme-consum ng nmanner.
It cannot be avoided with such place-hol derppgpisy.i aesp¢tviEo3iplessies will
rem@PA3fn the green body which may be detrinental especially in the case of
nol ded bodi es of reactive netal powders like titanium 5 alum num iron,
chrom um and nickel. From DE 196 38 927 C2, a nethod of making highly

porous netallic nolded bodies is known in whi aIIy AbnPeyeler and
a pl ace bpamlerisacennectafl FAlbtHckPaFledREPlege 8'@# iggs i h

oper.ati on_bot h uyni_.axi AS Je398i9ld GmRhESSd *F €Re ﬂmmedm 1® The
pl ace hoPYRFEis %86 ati nthenl:%herr?g 'y %II‘I ven out and thgﬁ )_(cgﬁreen body then

si nter Edcohéecgd&cao‘nHerdedum opext wozopity sifabheinIded PA nder, it is

I n principle possible to uce ven relatjv &gngke%hgggggneat
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smal serles pieces it is therefore advantageous £ p
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: Cyllnder%ecause of its porosity can only be elamped and machined with great
care éince it is not very stable under compression. The nonuniform

surface of the porous molded body gives rise to a relatiwvely high

10 tool wear.

Object and Solution

The object of the invention is to provide a simple method
of making a high porosity metallic shaped body which can bave an
especially highly complex geometry, which is free from the

15 aforedescribed drawbacks like the detrimental effect on the

porosity at the surface.

Subject of the Invention

The subject of the invention is a method of making high
porosity metallic shaped bodies. The method thus comprises the
29 following method steps: A metal powder to be used as a starting
material is mixed with a place holder or dummy. The metal powder

can be, for example, titanium and its alloys, iron and its alloys.
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or plates) and then by subsequent nechanical processing to inpart the
desired final contour to the product. 20 According to the present state of
the art, the final shape is inparted to highly porous shaped bodies only

—after the sintering by conventional nechanical nethods |ike for exanple
turning; mlling, boring or grinding. It is a disadvantage of a these
subsequent nmachi ning operations that the already sintered - 3 23138
Transl . of PCT/DEO03/01464 bl ank is connected with a | ocal workpiece
deformation. Through the plastic deformation there is usually a snearing
of the pores. As a consequence the desired@Rapl pasHICTyDBI3 A0I4840I ded
bodRR%3§ generally lost precisely in those surface regions at which it is 5
desirable. This has a detrinental effect on the functional characteristics
of the nol ded body. Furthernore, the workpiece, because of its porosity

can only be clanped and nmachined with great _care since it. ]S not very
st abl e widkelcanpridssabhoysih €oRBRTNIFOPAT sTﬂJ'ng’égmé?' tnf(:igb%g{rnbus nol ded body

gives rise to a rel %i vgé]y high 10 tool .wear. object and Sol ution The
obj ect FPREREMP R PIRTS to provide a sinple method of making a high
porosity netallic shaped body which can have an especially highly conplex

geonetry, which is free fr the is, afor A6 VRIS ek | 40 t he
detrimental ef f ectBOFAEREL2 Fb‘g'ﬁ?éleata tﬁg&gﬁr A;ice.r Subj ect of the

i nvent i af, The . sH0i eGlrbain &4 ccH NARIN-@O-NE,)a bbthe GRMNd BGLAR® porosity
nmetal | i ¢ shaped bodi es. The net%od t hus_ co r'&ﬁ?)é&¥io and azmonium
5 C,HN,, melamine resin, ammonium carbonate ) €04
bicarbonate NHHCO,, which can be removed without leaving residue at
temperatures of up to 300°C from the green body. Especially
advantageous as the place holder material or dummy is ammonium-
bicarbonate which can be driven out into the air already at ahout
10 65°C. ‘The grain sgize, that is the particle size, and the particle
shape of the place-holder material or dummy determines the porosity
to be formed in the molded body. Typical particle diameters of the
place holder material or dummy are 50 um to 2 mm. By suitable
choica of the place holder or dummy and the amount of the place
15 holder or dummy with respect to the metal powder, a high,

homogeneous and open porosity can be produced in the final molded

body. Porosities of up to 30% are achievable without more.

From the mixture a green body, especially a green body
with a simple geometry, is pressed. The greén body can for example
20 by a ¢ylinder or also a plate. The press process can use
multiaxial presgsing or cold isostatic pressing. The multiaxial
pressing results in a Qimensionally stable semiproduct or blank
with a defined external contour. The wall friction and demolding

results in the formation of a so-called press skin which is formed



20 follow ng method steps: A netal powder to be used as a starting

material is mxed with a place holder or dumry. The netal powder can be,
for exanple, titaniumand its alloys, iron and its alloys, -4 23138
—Transl. of PCT/DEO03/01484 nickel and its alloys, copper, bronze,

nol ybdenum niobium tantalumor tungsten. The materials suitable as pl ace
hol ders or dunmies are for exanple carbani de CH NO (H2N- CO-NH2) , bi uret
C2H5N32, nel ami ne 5 C3H6N5, nel am ne resin, ammoni um carbonate (HN4) COBH20
and ammoni um bi car bonat e NHAHCO3, which can be renoved w t hout | eaving

resi due_at tenperatures of up to 300C from ¢hehdgi.cen PeT{DERIP_ERAl |y
adv&ﬁ%é@eous as the place holder material or dummy is ammoni um bi carbonate
whi ch can be driven out into the air already at. about 10 65C. The grain
size, that is the particle size, and the particle shape of the

pl ace-hol der material or dunmy determ nes the.porosit r in the
mol ded besym plppittadladetoreedimgtat it Wt?ﬁ%gspl Z’}@é‘%h’d#g’é?e”r]r‘fai?‘eraﬁl or

dumy are 50 an t.o_2, mm,__B | fall o chaiamiehl thaindag bolther egtedtinmmy
and t he BROERHCVSH Pﬁie"rpltgcéﬁ%ﬁ%%l der or dung Wit h respegt t%@e net al
powder, aohigtherhgiegenechinimy ieperapbrest t Fhe e 565 P Fhe final

nol ded body. Porosities of up to 90%are Lev 1l Bogéngmye. From the
m xture &hgr%%?g%89jdjea§"ﬁé‘8Fa$T‘V°a%§r%gir:f bg\g’ebgweﬁlaegggi npl e gegenet ry, is

pressed. sThe. ALRRR PROMhE Prehosd odypBidl dxe socyyrertcmrdpeanl B pl ate.

The press process can use nultiaxial pressing or d.is | $si ng.
. The 'mul t cakd alsoghesds| prpsadag) 18 qaFrie i?}‘é%é:lg%ngﬁnﬁpo}'sa[ é’b gais)génﬁt E)?’og'ggct or

E bl ank As the pressure transmission medium, an oil-containing emulsion can
be used in which the powder filled rubber mold is immersed. Since
the wall friction on demolding is thereby eliminated, it is

10 possible to make blanks with a length to diameter ratio greater
"than 2:1 and with a sufficiently homogeneous density déistribution.
It is a drawback that the dimensional atability of the outer
contour is somewhat limited although this has scarcely any effect

on the subsequent green processing.

15 The green body is then subjected to a conventional
mechanical machining in which the workpiece is provided with its
final form, with the shrinkage during the sintering process being
calculated in. The machining is done in the green state in which
the mass still contains the place holder or dummy, with the

20 advantage that the workpiece can be machined very simply and the
porosity is not affected. The tool wear is then usually held low.
Even highly complex shapes can be imparted with thils process. The
gtill present place holder or dummy makes the workpiece to be
machined sufficiently stable against compression to enable it to be

éS clamped for the subsequent mechanical machining.



with a defined external contour. The wall friction and denolding results
in the formation of a so-called press skin which is fornmed - 5 23138
Transl . of PCT/DE03/01484 fromplastically deforned netallic particles.
—This. press skin can be renoved prior to sintering by nechani cal nmachining
to.the extent no further green machining is required. The wall friction
limts the length-to-dianeter ratio to 2:1. Above this value density 5
differences in the pressed body which are too great arise. The cold
I sostatic pressing is carried out for exanple in rubber nolds. As the
pressure transm ssion medium an oil-contai nifghsnubsi PCTARR3/B2484&ed in
whi éptthe powder filled rubber nold is imersed. Since the wall friction
on denolding is thereby elimnated, it is 10 possible to make blanks with a
|l ength to dianeter ratio greater than 2:1 and with a sufficiently

honogeneous density distribution. It is a drawback t LABHS+ onal

stability of the Mrthecﬁﬂ%rsha?esbﬁ%jﬁﬁ PT '{céalgl'apﬁéuoéj%ﬁce?hi s has

scarcely atgeyreie fggtre%ahh&s%%qugﬁae,grvgeauﬁr@seﬁﬂienga protErgigeeen body
jecte

is then &% to a conventi onal nmechani cal nachi nigfg i n, whi %Q ige
Wor Kpi ecgad Expin0the egicesint hody sthefrimaaly f orThe AFPPPRARESsH ‘F‘Fk;%ﬁe U&GYi ng t he

sintering process bei cal cul.at i "RgféididwhecHone in the green
state i ndSPARAFRE HBC”haqg’se ??ﬂg? %&%ﬁiﬁg‘% e place hol der or dummy, with the

' 20 advanpape.ddant tbe eibepheceican he awcisphete \auffiseApf9T 4l t he

: porosity is not affected. The tool wear jis t en_ usi erogeﬁgml‘}o\gt aEven

. highly coemtend shapemonidm BCrTRRRAYEI3R thF PRPES pTOCEas The “still present
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the molded product.

The mechanical machining prior to sintering
10 advantagecusly enables simple production of a molded body close to
the final contour even for complicated geometry of the molded body

to be produced without detriment to the porosity and without high

tool wear.

This process is not limited only to the production of
15 molded bodies with a unitary porosity but it allows for the

production of molded bodies with different porosities, for example,

graded poroaity.

it Tn the use of coarse starting powders gemerally the
single particles have only a weak connection to the sintered

20 network since the sintered bridges are only incomplete. Even with
gmall loads, such bodies generally can break down. This can
howevexr be impermissible for certain applicatioms. In order to

avold this detrimental effect, high porosity components from coarse



machi ned sufficiently stable against conpression to enable it to be

cl anped for the subsequent nechanical machining. - 6 23138 Transl. of

PCT/ DEO3/ 01484 When the final shape has been produced, the plate hol der
—material is renoved in air or under vacuum or under a protective gas from
the green body thermally. The atnobsphere which is used is dependent upon
the place holder or dunpy material which is 5 selected. For exanple, air as
an atnosphere suffices for the renoval of ammoni um bi carbonate as the

pl ace hol der or dunmmy at a tenperature above 65C. The green body is then
sititered to produce the nolded product. 10 fHghdIRCbanPCRIDESACALARHg pri or
t 0* 3t | ng advantageously enabl es sinple production of a nolded body
close to the final contour even for conplicated geonetry of the nol ded
body to be produced wi thout detrinment to the porosity and w thout high

tool wear. This process is not imted only to the producti ot ronma ol ded
bodi es vétdrtangnptedersbesore w%ﬁrﬁta%ﬁﬁn&ﬁge?‘b?fﬁ ﬁé”b’ragﬁ%‘%‘fi%gngg? nol ded

bodi es with different, iLi G%e QLB AMBkLOent Gadad1peram pualkyt he use
of coar ST Rt i %’g‘ %%*A%g’r&gggéener al 'y tﬁ)e( single particles have only a weak

connect i gghdvad be ai qitindddg28teretfnmorkthe fyafafe- sintered bridges are only
i nconplete. Even with small |oads, such bodies generally can break down.
This can however be inperm ssible for certain applications. In order to

avoid this detrimental effecénadiia@hp it gn nents from coarse

5 In the following the subject of the invention is
- described in greater detail in connection with the Figurea and an

example without thereby limiting the subject of the invention.

The drawing shows:

FIG. 1: possible embodiments of the semifinished
10 product or blank which are produced by multiaxial pressing and by

cold isostatic pressing.

FIa. 2: different metal geometries which are made from
gtainless steel 1.4404 (316L) by the process according to the

invention.

15 FIG. 3: an illustration of the microporosity which is
set by the place holder or dummy material and the microporosity

within the sintered webs.

The typical method steps for a method according to the

| invention are as follows:



- 7 23138 Transl. of PCT/DEO03/01484 starting powders before use are
advant ageously trovalized or ground snooth. In this process the weakly
adherent particles are usually renoved by a grinding step fromthe
—surface. Special Description Part 5 in the follow ng the subject of the
invention is described in greater detail in connection with the Figures
and an exanple without thereby limting the subject of the invention. The
drawi ng shows: FIG 1: possible enbodi nents of the sem finished 10 product
or blank which are produced by multiaxial pressing. and by cold isostatic

pre55|3eag 15 FIG 2: different netal geonetriemdsihi 68 BCEYDEAEA0I48IMm

st afht¥ss steel 1.4404 (316L) by the process according to the invention.
FIG 3. an illustration of the mcroporosity which is set by the place
hol der or dummy material and the microporosity wthin the sintered webs.

The typical nmethod steps for a method cor i ng t Rl 95 e as
follows: - 8 23138 Tmiskally Ghepbiane g % 1k DEped NP

927. For that purpose metal powder, especially stainless gteel
1.4404 (316L) or titanmium is mixed with a place holder or dummy,
especially ammonium bicarbonate and uniaxially or cold

‘5 isostatically pressed. The blank, for example a cylinder or a
plate, as required for further processing is made with a sultable
dié. FIG¢. 1 shows possible embodiments of the blank which are made

by multiaxial pressing and by cold iaostgtic pressing.

2. fThere follows the green machining of the unsintered
10 blank by conventional mechanical machining operations {sawing,
boring, turning, milling, grianding ... ). The place holder or
dunmy advantageously increases the green strength of the blank and
thus has a positive effect on the machinability. A further
.advantagé of the machining is the low cutting force and thus the

15 limited tcol wear. A smearing of the pores is also avoided.

3. The removal of the place holder or dummy and the
sintering caﬁ be carried out conventionally on a planar sintering
gsurface of ceramic or.alternatively in a bed with ceramic balls.
The parameters of the removal of the place holder or dummy can be

20 those of DE 196 38 927 C2.

As a complement to DE 186 38 927 C2, it can be noted that
the removal of the place holders ammonium cafbonzte and ammonium

bicarbonate can take place in alr. The sintering in a ball bed has



1. Initially the blank is nmade an described in DE 196 38 927. For that
pur pose Metal powder, especially stainless steel 1.4404 (316L) or titanium
is mixed with a place holder or dummy, especially amoni um bi carbonate and
—uniaxially or cold 5 iaostatically pressed. The blank, for exanple a-
cylinder or a plate, as required for further processing is nmade with a
suitable die. FIG | shows possible enbodi nents of the blank which are
made by multiaxial pressing and by cold isostatic pressing. 2. There
foll ows the green machining of the unsintered 10 blank by conventi onal
mechani cal machi ni ng operations (saw ng, bor ippgasl UlcE BQT/DBA2/OAES4 gri ndi ng
...23?3ﬁhe pl ace hol der or dunmy advantageously increases the green
strength of the blank and thug has a positive effect on the machinability.
A further .advantage of the machining is the low cutting force and thus

the 15 limted tool wear. A snearing of the pores is.als e 3. The
renoval e wdwaptage thaitdske oronthnfhy S4RERTf 298 ﬁ?%?ﬁhﬁgcggﬁa’%nchf?i ed out

convent i Il v on a-nl anar, ;8i i @t s CEg aHeC coramid dahdei vel y
Elie8 87 FaY B paBbRLRL 20 end odhepts

in a be e paraneters of the renpval  of the place
hol der ofs Qir@venead. berhe2Bal hosed siasdiy 16GuERs98es or AbesPififi*8fent to DE

196 38 927 C2, it_can be noted that h | ,9f viidle aPLaELohp! ders
amoni unfREAEGHSt BY JMP IRT5 Fﬁﬁ?t:bﬁncgﬁfbgﬁésﬂem\g%ns?aie place in air. The

si ntger i Ngodthct hath Hedl Niaterifly ARFABeTiansisurefl FEHREGBL0IMTF he

advantage that the contact surfaces agai nst the co onenﬁ | imi.ted so
that an sitkeyiing B?—‘O??ﬁ?-coﬁgﬁéﬁe%‘t’%iqso%t‘ﬁé"’é'é’rc’é’mc'g g%'lcs |§£%$Be\?]g%ed. The

bal | bedd&aﬂg' 3{;1899?&5&.“ 63 LAroptiforSitRbehéTHed body, to improve the

surface quality, can then be trovalized.

Exemplary Embodiment

10 : FIG. 2 shows different metal geometries which are made
from the stainless steel 1.4404 (316L) according to the invention
and with the method sequence described in the following. As the
starting material a water-atomized powder (grain fraction below 500
pm) was used. The steel powder was mixed with the place holder or

15 dummy ammonium bicarbonate (grain fraction 355 to 500 um) in a
ratio of steel powder to ammonium bicarbonate of 45 to 55 {in
volume %). This corresponded to a ratioc of steel powder to place
holder of 80.5 to 19.5 in weight %. The mixture was uniaxially
pressed with a press pressure of 425 MPa to cylinders with a

20 diameter of 30 mm and a height of 22 mm. The cylindere were
machined in the green state by turning and drilling. Apart from
bores the cylinders can also be provided with right angled and also
rounded shoulders in the model gecmetry. The removal of the place
holder ammonium bicarbonate was effected in air at a temperature of

25 105°¢. The decomposition of the place holder or dummy occurred

- 10 -



shrinkage by the reorientation of the balls so that a uniform5 contact
with the sintering surface is ensured during the entire sintering process.
This avoids distortion of the conponents nade during sintering. As an
—option the nol ded body, to inprove the surface quality, can then be.
trovalized. 10 Exenplary Enbodinment FIG 2 shows different netal geonetries
which are made fromthe stainless steel 1.4404 (316L) according to the
invention and with the nmethod sequence described in the following. As the
starting material a water-atom zed powder (grain fraction below 500 n) was
used. The steel powder was mxed with the plaes 1l der por/oES3d0RH84 amrmoni um
bi c3¥¥hate (grain fraction 355 to 500 9M in a ratio of steel powder to
anmoni um bi carbonate of 45 to 55 (in volume % . This corresponded to a
ratio of steel powder to place holder of 80.5 to 19.5 in weight % The

m xture was uniaxially pressed wwth a press pressure of 42

cyl i nderAareatlp at XK5°di hobt the dfigyern’ﬁe%ﬁﬁ}'a&“ﬁgi@?ﬂ ‘%‘PB ‘fﬂﬁ%e&%ﬁyl i nders
were nachined in the green.s rdiaNgagbsudrgthlkeng. THpart from
bores t Hé* PFRTRTR! é'§% B %%u%€%F§¥i£edﬂﬁ h right angled and al so
rounded Shadk-dgsSwad daieigadeit gaonseesc £hxetwekins YPOPRATHIREEE™ hol der

ammoni um bi carbonate was effected in air a ! Weeadut23%105C. The
deconposttuasnbaret h&ha det2h ISy %‘?ﬁﬁa/& 6‘08E§re§gj% 76 ©23138 Transl. of

- PCTEDEO34Q1 484.8 p5RSMA B! o856ad Wanirheabid hampbaape et mbovass BhosEh to
. drive O the deconposition product water in thehﬂegiegogs gﬁgt .acghe
: Si nteri ngasvas reanit eof Qwthathe FRECOS BRI GH &P % argdn

holder material and the micro porosity which developed in the
sintered web (FIG. 3}). The micro porosity resulted from incomplete
sintering of the metal particles. A reduction of the micro

10 porosity could be obtained by the use of finer starting powders or

by sintering at higher temperatures.

- 11 -



at nosphere. The netal geonetry showed a shrinkage of about 4% 5 The final
porosity of the fabricated conponent was about 60% It was a result of
both the nacro porosity established by the place holder material and the
-mcro porosity which developed in the sintered web (FIG 3). The mcro
porosity resulted frominconplete sintering of the netal particles. A
reduction of the mcro 10 porosity could be obtained by the use of finer
starting powders or by sintering at higher tenperatures. - 11 23138

Tr ansl .

por QILJE

met a

of PCT/ DE03/01484 Patent Clains 1 1. A nmethod of producing high

sgetallic molded 2 bodies with the fotrkawéhg gfr BCELBEG/934543 a
powder used as the starting material is mixed 4 with a place hol der,

5 fromthe mxture a green body is pressed, 6 the green body is subjected
to a conventional mechanical 7 machining, the place holder material is

renoved thermally fromthe 9 green hody i£ ai,r |
protective gas, 10 the greef® Bol?iy‘a i% Sinfe e&H'jTo

i,r o% under vacuum or under a
he nol ded body. 1 2, The

met hod according to preceding claim1 in which 2 carban de, biuret
mel am ne;— el am ne resin, ammoni um carbonate or 3 ammoni unbi carbonate is
used as the place holder. 3. The method according to one of the preceding

clains 1

to 2, in which the place holder in renoved at a tenperature bel ow

3000C, especially bel ow 105*C and especi al |y advant ageously bel ow

V-SSR . - LA TR CR

=
[~}

B W b

1. A method of producing high porous metallic molded
bodies with the following process steps:

a metal powder used as the starting material is mixed
with a place holder,

from the mixture a green body is pressed,

the green body is subjected to a conventional mechanical
machining, -

the place holder material is removed thermally from the
green body in air or under vacuum or under a protective gas,

the green hody is sintered to the molded body.

2. The method according to preceding claim 1 in which
carbamide, biuret, melamine, melamine regin, ammonium carbonate or

ammoniumbi carbonate is used as the place holder.

3. The method according to one of the preceding claims 1
to 2, in which the place holder is removed at a temperature below
300°C, especially below 105°C and especially advantageously below
76°C. -

- 12 -
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- 12 23138 Transl. of PCT/DE03/01484 1 4. The nethod according to

one of the preceding clains 1 2 to 3, in which stainless steel 1.4404
(316L) or titaniumis used as 3 the netallic starting powder. 1 5. The
—Aet hod according to one of the preceding claims 1 ~2 to 4, in which-the
mol ded body is produced by sawi ng, boring, turning, mlling or grinding in
the green state to. close toits 4 final contour. 1 6. The nethod according
to one of the preceding clainms 1 2 to 5 1in which the sintering is carried
out in a bed of ceramic 3 balls. 1 7. The nethod according to one of the

preceding clains 1 2 to 6, in which the nol gegndpdwff ptT MECRYO3RAtering i s
travattled or ground snooth. - 13

B W N e

4. The method according to one of the preceding claims 1
to 3, in which stainless steel 1.4404 (316L) or titanium is used as

the metallic starting powder.

§. The method according to one of the preceding claims 1
to 4, in which the molded body is produced by sawing, boring,
turning, milling or grinding in the green state to close to its

final contour.

6. The method according to one of the preceding claims 1
to 5, in which the sintering is carried out in a bed of ceramic

balls.

7. The method according to one of the preceding claims 1
to 6, in which the molded body following sintering is trovalized or

ground smooth.

- 13 -



