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nmeans of a shapi ng t ool , converted int® a shape which is as close as
possible to its nal desire order. t.o avoid a

expensi ve rueRﬁéarr tbffdcr & fif s r?oﬁa%g%ﬂﬁtl& égen‘Bﬁa%ﬁHglc %6@’?15 ‘?rwhapr ng
step is cartrl'ieeéroﬁa quéé%eéﬁad AAGHPeRt D@ I8Raprhd tooPreferatkehianpl e a
press. During.spatei¢wigrlshprakeageb lof 0t BB, Viordkpiwedelst i sSTHesewnohberocur and

is usually epersal Bl Hl woerespand nghytd argerhdi AeNsd NloRInOéxkdine
mol di ngs PriHs raﬁd?bf'tcecfﬂarlQ 14, ergﬁéﬁsr thegf"se”%(gd'tﬂg rogcrar gtcsr&q &b B,

ter 15 f t t f
orecur sor_dF°% RETRCATTY o351 AUF-Ch AP HEUA nd " FBF att Vel Pty oooneh

content waPaSeFLIRREY dé%qfreéébhift rdifefeEdht ghdindeeseamtaisisealeyehi tridi ng.
20 That compuodiori onbait tédhe liginale st npspbibiab whiiohur stigs.i Mbe $oeel he
sintering amnhd iab meepilriedbiheér tdwrdaiihei gitpRn] bhefopeyiat iAgad enperat ure
program fenendin ok he: exasd: ehed Gal,GeRPOSAd iR Rbrs hendiBbal bi Cwbidider

used or its precursor, in 25 particular its nitrogen- drssolvrng capacity,

on the desired nitrogen content of the netallic binder and on the particle
si ze of therlpowierdlisduinder genereflerabdi ha timmfiercrmaseetic wnd hnt r ogen
partial presstiieuilartfe fugteaceiatymenhenesedil dilkke scedus td @ knBwh o be

t enper at Urecl%& Qhrﬁﬁiéﬁ/ £¥akcel abeck Wdt Bubi @hele c3@enbE rogen re@nbehhs i the

Tt e ot g SUEALERAE W S AR AR 1,

of di f f usi oh eﬁ?‘f‘r‘ SPdA l‘E‘?r%lePetW&FFPc”br rllbr’-e‘gﬁty ﬁaraalér%t er ed
mol di ng, t rmd%qdnaéilomo%rlom t PTRE FRE UFIeSe eBYr thfte 9dded ralkisuifdiipgarbnger at
35 | ower tetmpertategse. cdhmeosiombiraat $ttamosf, hardrece atrnospdermespentpeet i cul ar
the nitrogededirdd sropsé£STdN @o tREPA AW €iaNnck dHIIsat Bepertdirt Bhethag and/ or
ni tridi ngowGl dedeRPEI ni‘HB fRbaBEhi &Y RFoRSPEM fand HBShdA0 Ji bEOgen

content I n f.LarmgsNegUs,: enae, 5t NLALS VB! £1la S0 oher fead YngdeLer T ned

fromcaseto4 ine experTnen " sinter
processes h=ve" eﬁeae%%rﬁ%&eﬁarn%.%t&féa ﬁrol di ngs conprising the steel

used in a partr cularly preferred formas netallic binder, wthout a hard
phase, fog ae_ftaeuiéaenp g2t tONDrRY BRANR 113k, b @b QR BroMM et al |
These tw@sp 9[ 1(c):n§f§r§ea nof@g?&){ dda&al HQrﬁéf‘i’nJ}% Eﬁ££rcﬁ%@eb THE; ght

propertres 9 Ste e as

hard phase,® r%’é?f"‘ ‘?EO@) V' é% fasbg e ﬁegﬁdraéggaalsgsr. t ert8 fp‘ng?/e t he
same effectléYrvff—‘J{gﬁé ABVErr PHaEesEromrdl IEQ, L0 o geAIphret MCLyPEssRes in
the furnacenat mesphéhen 8% raweliehstoD tingpref earablfyont 0| ¥adte 0..2%,bhar are

used. Thi§ weidgloged pattogdn.pressarshblys iin gédivialn mot sabd elidnentd, it
pref er abP AO% £ M€ nb el dhePabputbei ddipace SEIMIRRAGHEaaBIe GRS, st of pure
nitrogen or Q?ré( 2 ch%@f’cle'é%ﬁf&?%%% u§%ﬁﬁ%eart89@ra@él§“ﬁr chgactive

gases, such as to use xture
of it ogerdfet ﬁv&? ﬁgéﬂt%%ef?ﬂrﬁs&mtarr&saﬁer—%a‘? oPHeroTeny r%r}éCE%?s. bl y
t r oubl esome?BXI X COPAPEr i iR &€ PRoRY t'1ie IRt aF sS1 e HPob%no c?&n gnt, if
present, FsW‘r‘iml‘g'er@ér ahlier| amstto55% pblef“@rlabliyo%tbllse&é‘rb and wp [Hp 55l byre and
in genera weighwiog tbppebD, preferably not nmore than 30, % by 15 vol ume.

I f desired, this furnace atnosphere nmay additionally contain inert gases,
for exanple argon. The furnace at npsphere shoul d pr ef er abI be

subst ant i al Te dfeFy RABCTA bEMeT BFCASTRAF PELALLHF RI0ETi Of sthe itaveh: hesd

thi s purposeintrethaolabses utepupFessire and cortaing aptameorthant fi3i ng
furnace 5 pBefddaplat nbeasdre @hanpoef erablyywaighteast cabbon My .cohrageser al ,

it is furt heenpéaestn@t PBE fotdtAR 3eDieddiEfer %bﬂn‘/ WSO ERA LA rdrebBhan

Part | | t
o s o P Q% { P ?@?W?"éﬁf”r y| ek 1&’60‘% fehehdS BVt oI N
foast 1050COBH NS Ahar ?gs%r]ell’epé{b?’ © ABgorot T st ¥

general |y no®t finse than dchyprei ek atsify cheenhit e Itthéhr&m%@repartr cularly
preferabhy ocottadorseaBOlédsn 213208y Whigltteapdradtrmereanhbe Maripeefduabhy t he

sinter and/ A6t Mdrd dhBf ©) 0F e8RS wel §ht MBI Gpasar dei E@r@%ﬁla@ﬂ?' ¥igh
substanti al | 4}%%}1%&5%?{ it %s‘ﬂ%gmfecc? W ym@Eaﬁ % ﬁ&e%%@o%@ Hés‘e?“d

then to establ esired nitraogen dontent at a 1 ower enper at ure.

The opti num heat up rates are readily determ ned by a few routine
experinments and are usually at least 1, preferably at least 2, particularly
preferably at |least 3, C per mnute. For econom c reasons, a very high
heat-up rate is generally desirable in order



40 to avoeid an adverse effect on the quality of the sintering and/or
nitriding, but it will generally be necessary to establish a heat-up? 828 7003
bel ow 20C per minute. During heating up to the sintering and/or nitriding
tenperature, it is advantageous in cegtain circunstances to maintain a
waiting tine at a terrperature 45 which is below the sinteri n% and/ or

nitridi ng ¥¥mPerst bReR 4%r e?&n’ﬁ?bgl}to HaFREIHT FEnpRY HRIFETEF from 500 to
700C, for cortagdnipyt zZDORt 2eRAnBY ¢/GADC, 2pg erota MEEEi danfl X r pre8erahut es

to 2 hour spotf aorexanph e ,1 thoyr weldte: @ufr ablpbdefursi ofepangicandrey hidhi di ng,

i.e. the h{-&%egohl Beal1 i %,mlerf&gaﬁe@/ OEhalrréﬂad.lme benmar %th'i;ﬁe h&vel
general Iy hatsxtaa h%QPQdS HL %‘&?Aﬁtsefcﬁg 4 l'hgﬁnaérﬁ dBPé Liiglently

densely Sin ege onary
EEh It § L R TR P8 R %’S%yé’ﬁlaéh.%r ear%ee and
mol di ng srqfettalﬂﬁea‘élult%ﬁﬁtoﬁ é’F" swrﬁ%raﬁéymt alrﬂflsér Omf t r¥ divhgeisht rrgener al
at | east 3t proebethint V1.2, peaserdy mohuhese thans ldur & imnwefighheoi nter
and/ or ni trﬂiﬂi‘d@@enpr'@ﬁ%%e@a&Y&abiﬂHe& alsdet@itdinsngréheowurodyat avsvd at e,

and the,gi i 'eﬂgmgﬁg Olarld ! ggdwgalarremghjﬁa@; U 185¢1 by ARluntar pi @l out so
t hat the Si n er —an brlo for "an
(o]

unsat i sf act¥t i9%FePbhYP tqnﬁ"relmp%f'n Jt‘ﬁT?ue' eCoRo ntl o? view. In general t he

sinter and nitriding process (wthout the heat up and cooling phases) can
be term najed, %fltlg{ s Note M@bent bane HerBodr ski2kdlha shéitafc,and/ or nitriding
process 1s.t erPcng %)’aﬁ%'l!e NG tﬁl"ep’%&%féeﬂu 'EP's%BQ& méﬁﬁ%ngé”ﬁn the

conposi gEon | C glin uired, for
exanpl e 5@?2; 818%&%? esfsﬁgordmcet %gob%ﬁ%n ﬁn%ﬁo?garyerogt ﬁ‘s SPhases or
to prevent® Ytshéb%?)aﬁ%ﬁ"l On 8ok t e % S¥pBREH s 1S E'ﬁ}ee%t"é‘éln % general, it
s al so dewifrgsiea sotukiddioniie thaagtisencatbal, &der aplel yugs peseelsied in
cgrder t 0 acdezveupehaigivgpheduct nOrragene préssuneppehithnid pofsstihke cofar ng
rate is reacdigdewhsp sidteakedro®ldy n@mehavhdprdrkest sSndatigrdsbyrexcassi vel y
rapid C°°'ié‘91us%UQE ?& 53 18P kbt izh{}gadu%'éa‘éﬁé ”rglt‘}foggﬁf 96ﬁ@édt0'1nt9c€r‘rl=! to an
extient " 043 s bl sl Ok 4 RAN 1 SRR CELTE, plE:Rgt LY
exper i rrent%ltﬁlﬁilﬁgni\r%ﬁ r}%’aﬁ‘ﬁa?:n E'agr/tt“ie&'il &k ¢ rPJttHQgEBS%orbtfa’t“ﬁégp:F‘é‘F‘?rcreed
conposi t i odgneFPhere - niitwavsite bhaide¥trogen; gortkRrits 4l Brefruad Y35 cool i ng
rates of aestakddsheQdOhy prigfrédaby ydutinigeabe 20 erCnpeer mmmedéat&he si ntered
mol di ngz’éamefdmr oeXxanpd:e,ithe whtesed eichtietmedl £kenaeabvol &f ltheFelihoadry t he
sintering aoily Rkbhi ' GintdRYrEiasideedrdfof iRy beeadh Y siheerexanpl e

sol ution hféﬁ%trra%ﬁw%"&? dﬁ"Héd g!?i‘&ﬂlg“gnehge}?@&ﬁre °§u8h' Pr{lrhé}ma phsostatic

ressing o e .sintere e carrie I ntered

ol di ngs aPE BT Er BETSF S G LeDE e deatlga T P et o0
subj ect | @g themto a heat treatnment for at |least 5, preferably at Ieast 10,
45 m nutesiancheN@bisD £ dubdegdeROUIiriiaGeraty Yorebspddinghan 1 hour, at a
te”peraturﬁiﬂgoq@h -keastathQROCy Qﬁe§f¥5§thv§ﬁglf§¥§E1¢é CiowaﬁthQQeA“DVG than

1250C prefer s 8t &mpre gglas’LZéJrOe rsof & I’ﬁ{le acggachln r clnert gas,

for exarrpl e un er n| em for

exanpl e | PSS waref. 2 %Pé’férhﬁﬁl rﬁ&@pﬁé‘ﬁgﬂ |16‘GI°th‘F dretﬁ%% Br BHRRAS on of
wor kpi eggse5 'ﬁ}fvrnﬁgeé lec‘trrﬁplsrlééf-‘eeld Jeoingi &n sHigpecurae lbovidie ﬁatﬁl@rfr@t er ed
nol di ngs apeoqesedufbesd\altlivyspownier ang eomnart imlllgi agaplaidessr dém sedi ffers
in the proseehiimed bonsrerviaat Lanal kqmmdeanhet AlInukgeceédsdroFcenses, such as
pressing §é:'}teer hﬂgtedlr{lfchﬁlﬁaé‘ﬂer 9k EBFrééb%%'d”Eg%:%gfeﬁSHJ:éé ng

cad | onal % LSR5 {0, TAIYIRD LDE NGLIRP] 88ldt RoOlger, ddTlgot T on ol di ng

bi nder use e'2ha de-aBbve are
appl i cabbea‘f%teé'ﬁjrtlérﬂ%&aﬁ’g’ ﬁl’“Fr?ﬂ‘f‘fﬁ?lr‘fB To carry out this process, the

hard materi al powder and netal powder are m xed with a thernoplastic,

nonnetal | i ¢ AL ehisgl @ésfoll%o‘ﬁge%réﬂxeectthgnmgﬁﬂﬁg b?hﬁ'&'xerora'l@ the powder

injection noldin ast*cs for

oo Lo Bt BR S o3k g%&a&? £x, atley? RelndfldHReR
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40 to avoid an adverse effect on the quality of the sintering and/or
nitriding, but it will generally be necessary to establish a
heat-up rate below 20°C per minute. During heating up to the
sintering and/or nitriding temperature, it is advantageous in
certain circumstances to maintain a waiting time at a temperature

45 which is below the sintering and/or nitriding temperature, for
example to maintain a temperature of from 500 to 700°C, for
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45 minutes and not more than 2 hours, preferably not more than 1
hour, at a temperature of at least 1000°C, preferably at least
1100°C, and not more than 1250°C, preferably not more than 1200°C,
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material, for example dispersants, are, if desired, also mlxed
with said injection molding material. Comparable thermoplastic
materials and processes for their preparation and processing by
injection molding and catalytic binder removal are known and are
described, for example, in EP-A 413 231, EP-A 465 940, EP-A 446
708, EP-A 444 475 and EP-A B00 882, which are hereby incorporated
by reference. The metallic or ceramic powder stated there in each
case should be replaced accordingly by a powder mixture
comprising the hard material and the metallic binder or its
precursor.
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40 A preferred novel injection molding material consists of:

a) from 40 to 65% by volume of a mixture of

al) from 50 to 99% by weight of a hard material in powder
form having a mean particle size of at least 0.1

45 micrometer dnd not more than 100 micrometers and
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not more than 0.1, % by weight of carbon, at least 2, preferably

45 at least 6, % by weight and not more than 26, advantageously not
more than 20, % by weight of manganese, at least 11% by weight
and not more than 24, advantageously not more than 20, % by
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weight of chro&%ﬁg1and furthermore at least 2.5% by weight and
not more than 10, advantageously not more than 6, % by weight of
molybdenum is particularly preferably used as component a2). If
particularly high corrosion stability of the hard sintered
moldings finally to be produced from the injection molding
material is required, component a2) additionally contains
tungsten in an amount of not more than 8, preferably not more
than 6, % by weight.

The component a2) also contains iron over and above the stated
elements. A certain content of impurities in a2) over and above
the level of unavoidable impurities is generally tolerable
depending on the use of the hard sintered moldings. Examples of
impurities which can usually be tolerated are up to 0.5% by
weight of nickel and/or cobalt, up to 2% by weight of silicon, up
to 0.2% by weight of sulfur, up to 5% by weight of bismuth and up
to 5% by weight of copper. However, the total remainder of
component a2) to 100% by weight is preferably iron, apart from
unavoidable impurities.

However, it is not necessary to use homogeneous alloys as
component a2); rather, the alloy elements may also be present as
a mixture of different alloys and/or pure elements, from which an
alloy having the desired gross composition forms by diffusion in
the sinter process according to the master alloy technique. For
example, component a2) may be a mixture of pure iron powder and
an alloy powder which contains the other alloy elements and, if
desired, also iron.

The hard material (component al)) is preferably present in a) in
an amount of at least 70, particularly preferably at least 80, %
by weight. Its amount is furthermore preferably not more than 97,
particularly preferably not more than 95, % by weight. The
metallic binder or its precursor (component a2)) is accordingly
present in a) preferably in an amount of at least 3, particularly
preferably at least 5, % by weight and preferably not more than
30, particularly preferably not more than 20, % by weight. The
mean particle sizes of hard material al)_ and metallic powder a2)
are preferably not more than 50, particularly preferably not more
than 20, micrometers.

The polyoxymethylenehomo- and copolymers used as components bl)
and b2) and the polymers optionally used as component b2) and
homogeneously dissolved or dispersed in component bl) are known
and are described, for example as component Bl) and B2),
respectively, in EP-A 444 475. The homopolymers are usually
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Y1S#10%JU&uGraBld Gis' sohOfGmek’ ( )arle ethylene oxide, 1,2-propylene oxide,
10 1,2-butylene oxide, 1,3-dioxane, 1,3-dioxolane, dioxepan, linear
oligo- and polyformals, such as polydioxolane or polydioxepan,
and oxymethylene terpolymers. A polymer may also be used as
component b2), for example an aliphatic polyurethane, aliphatic
uncrosslinked polyepoxides, poly(C;-Cs)alkylene oxides, aliphatic

15 polyamides, polyacrylates, polyolefins and mixtures thereof.

The components bl) and b2) may be identical except for a
different content of comonomer(s).

20 . . . .
Component ¢) is a dispersant. Dispersants are widely used and are

known to a person skilled in the art. In general, it is possible
to use any dispersant which leads to an improvement in the
homogeneity of the injection molding material. Preferred
dispersants are oligomeric polyethylene oxide having an average
molecular weight of from 200 to 400, stearic acid, hydroxystearic
acid, fatty alcohols, fatty alcohol sulfonates and block
copolymers of ethylene oxide and propylene oxide. A mixture of
different substances having dispersing properties may also be
used as the dispersant.

25

30

The molding of the novel injection molding materials is effected
in a conventional manner using customary injection molding
machines. The moldings are freed from the thermoplastic powder

35 injection molding binderlin a conventional manner, for example by
pyrolysis. The powder injection molding binder is removed from
the preferred novel injection molding material preferably
catalytically by subjecting the green compacts in a known manner
to a heat treatment with an atmosphere cgntaining a gaseous acid.

40 This atmosphere is produced by vaporizing an acid with sufficient
vapor pressure, conveniently by passing a carrier gas, in
particular nitrogen, through a storage vessel containing an acid,
advantageously nitric acid, and then passing the acid-containing
gas into the oven for binder removal. The optimum acid

45 concentration in the oven for binder removal is dependent on the
specific material and on the dimensions of the workpiece and is
determined from case to case by routine experiments. In general,
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Examples
15 Example 1

3600 g of tantalum carbide powder (mean particle diameter 0.9
{ micrometer), 400 g of a ferritic alloy powder comprising 17% by

weight of chromium, 3.4% by weight of molybdenum, and 12.1% by

20 weight of manganese, the remainder being iron and unavoidable
impurities, in particular 0.035% by weight of nickel and 0.6% by
weight of silicon, also being present (mean particle size 8
micrometers), 64 g of polyethylene glycol having an average
molecular weight of 800 g/mol, 43 g of polybutanediol formal

25 having an average molecular weight of about 30,000 g/mol and
312 g of polyoxymethylene containing 2% by weight of butanediol
formal were initially taken in a heatable kneader, melted by
heating to 175°C and homogenized for one hour by kneading.
Thereafter, the mixture was cooled and granulated. The granules

30 were injection molded to give moldings which were then freed from
binder catalytically at 120°C in a nitrogen atmosphere containing
nitric acid. Thereafter, the moldings were sintered in a sinter
furnace for one hour at 1350°C and then for 5 hours at 1280°C in a
furnace atmosphere comprising 75% by volume of nitrogen and 25%

35 by volume of hydrogen. The sintered moldings were then still very
weakly magnetic and were rendered completely nonmagnetic by a
subsequent heat treatment for 10 minutes at 1150°C under nitrogen
followed by quenching in water. The density of the pale gold
sintered moldings was 13.2 g/ml (theoretical density 13.3 g/ml).

40

The sintered moldings had a Vickers hardness 0.5 of 1400 mm, a
four-point flexible strength according to DIN EN 843 (in the as
fired state) of 774 MPa and a cracking resistance K;. according to
DIN 51109 of 12 MPa{(m)%:-5. The parts were ground and polished. The
microstructure was homogeneous and showed no crystals having a
diameter above 5 micrometers.

45
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binder was then removed catalytically at 120°C in a nitrogen

atmosphere containing nitric acid. The moldings were then

15 sintered in a sinter furnace for one hour at 1500°C under

nitrogen. The density of the sintered moldings was 13.6 g/ml (the

same as the theoretical density). In parallel experiments, lower
( sintering temperatures were used, but these did not lead to a

satisfactory sinter density.
20

The sintered moldings had a Vickers hardness 0.5 of 950, but
further mechanical properties were not determined. The parts were
ground and polished. The microstructure was virtually pore-free,
but giant grain growth was observed; crystallite sizes up to more
than 100 micrometers in diameter had formed, which were visible
to the naked eye and substantially impaired the visual appearance
of the polished parts.

25

30 A comparison of Example 1 with Comparative example 1 shows that
the novel sintered moldings not only have excellent mechanical
properties but also have advantages in applications where the
visual impression of the sintered molding is decisive.

35
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weight of manganese, from 11 to 24% by weight of chromium, from
2.5 to 10% by weight of molybdenum, not more than 8% by weight of
tungsten and from 0.55 to 1.2% by weight of nitrogen.

2. A hard sintered molding as claimed in claim 1, the hard material
being tantalum carbide, tungsten carbide, niobium carbide, tita-
nium nitride and/or zirconium nitride.

( 3. A hard sintered molding as claimed in claim 2, the hard material
being tantalum carbide and/or tungsten carbide.

4. A process of producing the sintered molding defined in
claim 1, which comprises

- providing a thermoplastic injection molding material which
comprises
a thermoplastic binder material,
the austenitic iron alloy or a nitrogen-free precursor of the
iron alloy in powder form, and
a hard material in powder form,

- forming +the thermoplastic injection molding material in a
powder injection molding process to give a molded article,
and

- removing the thermoplastic binder material to give a molding,
and

- sintering the molding,

and, if the thermoplastic injection molding material contained
the nitrogen-free precursor of the iron alloy, which further com-
prises nitriding the iron alloy before, during or after sintering
the molding.

«

5. A thermoplastic injection molding material which contains an aus-
tenitic iron alloy, which contains not more than 0.5% by weight
of carbon, from 2 to 26% by weight of manganese, from 11 to 24%
by weight of chromium, from 2.5 to 10% by weight of molybdenum,
not more than 8% by weight of tungsten and from 0.55 to 1.2% by

weight of nitrogen, or a nitrogen-free precursor of this iron
alloy in powder form, a hard material in powder form, and & ther-
moplastic.



