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and cobalt-free nitrogen-containing steel as a binder of the hard pResMAR03
The present invention relates to hard sintered nol dings and feedstocks and
processes for their at i For the poses this invention, hard
sintered HTY |5r+§’§e5?€ %&4W§dgﬁ§1%?ﬂ§ﬁgﬁgﬁat%}q flog’avkﬁl Fe%onsi st of a hard
phase andnitrr@emetanrtiigliaséeas as i hdedenfof HdehapadpPa® Hard sintered
nol di ngs, feedstocks and processes for their preparation are well known.
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20 nol ding as surface layer on a workpiece. For exanple, DE-A 40 37 fggﬂw 2003
describes the production of a sintergd body corrprl sing tungsten carb

titani um carbi de t carhide o bi um c de and

netal lic B9 H‘é’é?ﬂnﬂﬁﬁ gé%s antGare d?gallf\r nf:agr%e dé‘ si:LCh 15 (ﬁmgél_—geé‘

met al | ur giXPaPUShHAP G FEBREIWET X or exanpl e pressing in a nold, is that
only nol di ngs having a conparatively sinple external shape can be pr oduced
thereby. ARGEhELDKIRAh TPdGeRTS AECALL MY TaPEpPR IS, %%W%O@eeeles
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mol di ng. ThsaTak) paRblsertéfed hildingsens psotibeadivydar powdaval , which is
45 usual 'y, efctaalrlhg L Q4 nIeteﬁaaaléaf R¥iRYhpsses #Tmiberbhes ol aathc, cracks
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231 descrﬂfé&er?ﬂr&ﬁ %’QP&F&F? |?:n e§ RAE-S36
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wei ght of cinhddeusndfeahal2. 8s tmetkQ%ibybimgdeght of nol ybdenum and not nore
than 8% by wei ght of tungsten, whose austenitic structure is stabilized by

fromO. 85 ht of nitr Qgen. Thi s 0

wor kpi eces‘g‘vﬂjbf% % W% Ay aRtags, P cahm S owﬁ?’f) % tﬁtiégfglc\:/ﬁql ﬁk?ﬂ’enghurran
body, in oPERFESSESavERTl GXABPAE | RASFSANE clibtd BRLL ol%hitRE| OBYY EBBAERIS whi ch
have recenh#¥ing@r eamparatively ehimplecexterngdcahape can pe mgdusedp. J.
Uggowi t zer themebv. SnoSpei dabwn "foovdest metalkluvkdieal queseby, which is
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nitriding dusidihritRe §bNERIY BGeESPP%S%hegﬂoéIhs‘iﬁbt enfdctiion meldimdevel oped
prior At mbded 130 QAR 1t 1gh§oﬂxeease% ke ,B 'Peetwn RigQykge;navel hard

sintered np t1es an roa er or noveI

fields of gérlglstlhﬁ 6?3‘%&*&?‘& i ?Jrﬁﬁ)r{te&ﬁff% ave ®material s.
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phase. we haveerlcmpheunyd andoraeessdyt(q babdnf eatiricegksréed firba phiiglucti on of

the novel Bi‘ﬁde:?'ﬁ e&eéemi CI'_'or' g3ve TH5 HAKELh&d ryl%eéem&mm .haye
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is catalytically removable at low temperatures is therefore
advantageously used. EP-2 413 231 describes such a catalytic



2 9 MAY Z003 d the sintering and can be very readily polished. They ?ﬁnMﬂ%ﬂB
produced by the novel process in a sinple nmanner; in particular,

production of the novel hard si.ntered nol di ngs, onIy a conparatively | ow
sintering tenperature is required co%ared with 5 the use of nickel or

cobal t bilideles. rFhevalbo\rslochas d Bi-#t dfedadl aichdS-soht@iiPeatiibelste 50,

pr ef er abl seaistbeast f A0, theaptbeud tardny ofr eée4dhlcy mat di egst a8, efebysmei ght of

hard mat e/f'jsaldlsyﬂ@é{eéclhrtflégﬂgﬂ&% Cﬂ?:l}t ahB PAbqURient B@rbe%%méorn@mfﬂsabl y not
or € tha%%@&%&ié“ﬂﬁ 3145”631 Rl goQQ E‘EPe gm%ﬁﬁguon of Rgal n' yeight of hard

mat eri al 1 Jﬁ con at least 1,
pr ef er abl §AHETPE a@g c}éngﬁaﬁyl eﬁ BFE‘F\E ’ﬁaét m?‘élh%d( BRGnEP 1Rt Ofor e t han
50, pref f&bldpsapibeprad tlﬁlaﬁo‘sfﬂi Rpecereuf el |Yheppeer I APINGE nore 15 than
20, % by fexidghbck$ fret dlabiics nteted mdhéimetal | i c bi nder of the novel hard
sintered noldings, its precursor or its conmponents and the hard materi al
are used in the 20 form.of _fi ne powders, The nean particle sizes used are
usual | % | & Omakd 1B, dﬁlséml%?%ﬂ)lay SpeSiat arkse - Ehaf tAHRHERAFIC perdr abl y

| ess t hAreOy mpopoimsingr sohrta thenep ab? atp'pwéxgh@ af Hagbenet &rom uch
powder s age 26QNBPIwe afhty ofvaanghleseqr fram e tpr eparked wedganyoknown manner,

for exampli-ay ol e£tdy LAkl o8 mwabei@mlmmom b@&ndh lahtinget Qﬂ'ﬂ'et he

nmetallic ovvd Sp tar tomzatlon
Novel hartgj % ﬁ%erég&' pB?p&‘[ ont B Peh %e? u%rtteeytw &Klgg l?ﬁr ramc
substagge%tf’(ﬂJL ENg tglo’:,Il gs% %% d e %s G t’élriiréﬂganO g\%ﬁ hard

si nt er 68 HolugeAgEohalPIFRiaSeY YHISY ¢F8uHl ISPRGACEN ‘?%éaﬁ‘ofaﬁ?‘%f“&% xture, as

har d mat evdreglactf oviexdimgl bumdye hodyvdesn oudsy &o avedd rthe eddlewadm oxi de,

chr om um msictte ongregh esicksl oo debaditl, i eRicl Maveuseexitly, inepeddingayi de
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car bi de, 19@&””1@&%%1'9&9@  Adalnit§ Qscrg} tNe‘l E@'E THGAL P A hE L ani um
st g § : § 38

carbi dge r tu ar such as
chromi um Y6ri-g ani ﬁrzrlegbr tsgn {;) SSAESR gnfhbro ﬂ?‘ﬁ% %ilicides,

such as nﬁ%ﬁ&ﬁﬁm 5137 dLgey 3arﬁ?/35|5 ehe- 1 @PPdBs, WIWEFORE, i i con nitri de,
titani umilidmecher amyy &Elﬁﬁﬁéorﬁ-uM-nLFM@é,andOManwlmarm x&Hoyases, such as
car boni t rHates iadx yTaMetdésIajel/tdions Mal sy, TReoosed iafgst afit BatNwa7Car bi de,

tungst en A BudBpedt FYmpBk Cak bird@owaéf a 188tAbh I 16lEL ARG/, Oflu i dif @b i

Carbi go | SERLLEC AU Drotsarl pomal et 0 Iulebedd0h 0, e

45 conven%v%ﬁa hcgarlrﬁrleré?’ = Dr ot lon Sé-g g‘%@gﬁ?ngo%%d%z ?rgr)ore t han 20, %
by wei ght3CTERE oRFHRT PJ‘FE‘H%F&‘?EPé“%oRﬁ%Gﬁ§e§tfq’%§§F D8Iy ORePEht and
not nore HiekelrfreqmiftepapRycIRiRdRe THRAL 6 WivhbYitadidgnRe SRl $helenum | f

parti cul esintefrigh poraessi-on stability is required, the netallic binder of
the no¥8l 5 hard sintered nol di ngs cont ai ns tungsten in an amount of not

nore than_ 8, prefe wejght. It furth
cont ai nsnlarf Slpéﬁgt %%g‘aﬁywﬁgéf%?"%‘:’?e tpfiéoist % %'0/150 WP HRTE & dnﬁ& nor e
than 1.2,PisiSePEr ABYSPHOR RFBrRFAHER 2oYel diard \ﬁ/éFEﬁﬁe POAP%?%é}?"l’Fﬁl s
met al | i ¢ NorgFedads navert RFereLties avérbrasdlezboyenovel fields of use,
35 in view of the importance of the class of materials.

We have found that this object is achieved by hard sintered
moldings having a nickel- and cobalt-free, nitrogen-containing
steel as a binder of the hard phase. We have also found a process

40 and feedstocks for the production of the Tiovel hard sintered
moldings.

The novel sintered moldings have excellent mechanical, thermal
and magnetic properties. They are hard, have a high melting

45 point, are highly resistant to thermal shocks, are non-magnetic
in preferred embodiments and also cause no nickel or cobalt
allergies. Moreover, they exhibit no giant grain growth during



10 said elenents, and the total remainder to 100% by weight, with tf@ Y 200
excepti-on of inpurities, is preferably iron. Such alloys are known Mg )
person skilled in the art, conmercially available or preparable in a sinple
manner by known 15 netallurgical pr@cesses Since the nitrogen content of

these al l?élssn.%t%%¥§n%r%% L9 \Qe%/or_l@éld %efa' g?ﬁ%ydt&%”bghe nitrogen

sol ubi I'i und
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el ect r oskRg-iree PEPER AR c?cfe§§eurﬁmeer1 prédsaietened PolasngysEnd dossibl e to
i nt r oduceonperatiivebdgelow grineatingtienpeeatetalils cehihded fmphhed otiter Wi se
fini shedegd RiRr ed ADEKE NG BoBaM tHilndeRy.step by heat treatnent in a

ni t rogen-contai ni ng furnace atnosphere. However, the nitrogen content is
preferably established by nitriding during the sintering or imediately 25
bef or e ofhafrtaweli hargi sidgref nrekdigdisacentaimal lefst el sipreéerzblwl di ng
fromtheasi et 705 neae: ialaody i pugefleehbly tdte IsasteB0 [ enpar aktget asf t he
nitridi nHaEc?fH%%%&Hie ThedC Bust M Blor@andoftd 1d HAImBFOCERESED9are known to a
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said al | bgrd rﬁewtaée%gn%wgﬁt%ﬂl#%#héeﬁ di’| PECRETRRYY 8% ie%?n‘“e 3novel
hard si nparedulekdy nere ferabey cotrle@ssf St ard matr mndragtmwédss. These al | oys,
t 00, arep£HrERILGYahdy ndtel kabh 30 paanibel afliyaipredebyblSimebti figrd N a known
manneas Lp.the casgyOfeidhe BEChérd1adcaysi@lic binders, the corresponding
nitrogen-free precursor 1s a ferritic steel which is converted into an 40
austenitic steel by the nitriding. It is also possible to prepare the

met al | i cThe muialdicikindsirt pbgere fnovelphardirsiotebgdtheldimgser itd | oy

t echni querédumsort or aifercomposdndd emd fhe hearal matbr oM ammssed &l lthg or a
pluralityolf A5 fHBSt SdwRlrsQYShe Maaelhpssﬁﬁmé alib¥sCoMAIANS QEuLORY ai n the

| emeRP h |
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are prodkreth Frnaepovkir eFamplalupgeeaPititivadantogakdiingtperpose, the hard
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means “0f pp wHtapi Bg §o0latomepyeided i nto a shape which is as close as
possible to its final desired geonetric shape, in order to avoid any
expensive reworking of the finished hard sintered nolding. 10 The shaping
step i s Beavel dardusinsenadafsledings convelt ivd@rdshaperiglt-odll krawnexanpl e a
press. Doefamjcsienbetanmes onr hakdgeetef st heedvdok gebe ess imrkdnoaretimlgccur and
i's usuygl Ly xonpensad eshdrerear nekpiondi ngy ybd arsger, fhdbnsivanlpgonofint he
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precursor, g gho er Qr gne I awgggra rel ative % nltrogen
cont ent Wh Peed the" c?e5| réd nlnfrogen conte i 8TEEYHBT SHEE oy i tri di ng.
20 That E%ﬂ?}"éﬁﬁst'l BHCHfag ROTPRr FrFE dar WB%WW%PEW‘?% Gp FP%‘Fﬁ‘for t he

si nt essngaEidie, i pitbepn cagbider ’Qaliléahpmr%ﬁmgieanéltml@péﬁab;m t enper at ur e
pr ogr am digeinch earbide exsldbrchendstan canpiod,t ithe bbérides,metahldsc bi nder
used or thfori@CBE8Ode, iH1tdhiRRddradbaind iy RiikEEHSEN dioiaabyiﬂga capacity,

on the d@ﬁi{cﬁl‘é ngt LOge ﬁcae&yﬂéermm Efi?téfi?%@' 'a'nﬁ/@i-“g?é Aed; 8 ”g%cﬂart' cle

si ze of naer s. Uuse 1’tr Jr} S nerease in. % ni trogen
parti al p?ess &R YRS S ura cear?o e?e 8tﬁé?%§]’é“t% *19F 1t he

t enperat BRY o é‘laF?eB}iqsgﬁscoFP%ll‘ A% FRPPRT iieer Sﬁy?ﬁ‘imé@éna’&‘yrﬂrents in the
met al | i cshainhs.. Thiewwseof sentalum cadbide ortungsthe carhideat niebingt only

causes t berlside,ekipapas nikctsed farddy osl ontcminmrbuti talso ideprefansd he rate
of di ffuﬁh@rtkféf ukBeo i £drRaeini FarttiReBhd@) b G ublyRder Qfrdibe hard sintered
mol di ng, plhe 'lg%ﬁi ﬁ%@mal {rAdln9aPROREST (EAKCE £ UIRRPORAT A | onger at

35 lower ' te |na urnace atrmsp ere, in particular
t he ni¢6r 8GR rﬁ%"f‘? I ?ﬁmé?ézﬁ c{’r‘ﬁgﬁsature and duration of sintering and/or
nitriding V\/m ch is optimum for achl eving a specific desired nitrogen
content in a honobgeneous, dense sintered nolding can be readily determ ned
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40 austenitic steel by the nitriding. -

It is also possible to prepare the metallic binder or its
nitrogen-free precursor by the master alloy technique known to a
person skilled in the art, from a master alloy or a plurality of
45 master alloys, which _essentially contains or contain the elements
other than iron and, if required, also iron, and pure iron, so
that the novel metallic binder does not form until during the
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not nore pﬁgﬁegﬁply%psy mozre ¢hgpyl4dfhs, particularly preferably not more
30 than 1350°C. The temperature can be varied during the sinter

and/or nitriding process, for example in order to completely or
substantially dense-sinter the workpiece only at a higher
temperature and then to establish the desired nitrogen content at
a lower temperature.

35
The optimum heat-up rates are readily determined by a few routine
experiments and are usually at least 1, preferably at least 2,
particularly preferably at least 3, °C per minute. For economic
reasons, a very high heat-up rate is generally desirable in order

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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titanium nitride and/or zirconium nitride, and/or mixed phases,

such as carbonitrides, oxycarbides and/or sialons. The hard

material is preferably tantalum carbide, tungsten carbide,

niobium carbide, titanium nitride and/or zirconium nitride,

particularly preferably tantalum carbide and/or tungsten carbide.

30

35
An 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 and
not more than 8% by weight of tungsten ig preferably used as the

40 nickel- and cobalt-free, nitrogen-containing steel or precursor
of such a steel a2).

An iron alloy which contains not more than 0.3, advantageously
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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depending on the use of the hard SLntered moldings. Examples of
impurities which can usually be tolerated are up to 0.5% by

15 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.
20

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.

25

30
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

35 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)

40 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
45 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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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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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 (theoretdcal 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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butanedlol formal were initially taken in a heatable kneader,

10 melted by heating to 175°C and homogenized for one hour by

kneading. The mixture was then cooled and granulated. The

granules were injection molded to give moldings from which the

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

atmosphere containing nitric acid. The moldings were then

15 gintered 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.
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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.
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being tantalum carbide, tungsten carbide, niobium carbide, tita-
nium nitride and/or zirconium nitride.

ng 93] c"A

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 alley or a nitrogen-free precursor of the
iron alloy in powder form, and
a hard material in powder form,

- forming the thermoplastic injection meolding 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.

‘o

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 a ther-
moplastic.



