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30  this is not tolerable, this process step is advantageously integrated into the subsequent
sintering process.

It has been found that the process of the invention allows the continuous thermal
removal of binder from shaped bodies while making it possible to dispense entirely with
35 the use of acidic reaction partners as catalysts for the composition of the binders.

The choice of temperature for the second temperature stage, process step (b),
depends on the particle size and packing densily of the shaped bodies. Furthermore,
both the binder selected and the alloy play an important role in the choice of the binder
40 removal temperature in process step (b). If the shaped body is, for example, a shaped
body of copper in POM, the preferred temperature in process step {b) is about 200°C.
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For the purposes of the present invention, the term "binder removal oven" refers to an
25 oven or an oven plant having one or more chambers. The corresponding ovens are
described in more detall in the following part of the description.

For the purposes of the present invention, metallic shaped bodies are components
which can be obtained by injection molding, extrusion or pressing of thermoplastic
30 molding compositions comprising metal powders. Examples of metal powders are
powders of Fe, Al, Cu, Nb, Ti, Mn, V, Ni, Cr, Co, Mo, W and Si. The metal powders can
likewise be used in the form of alloys, for example as copper-based alloys such as
brass, bronze, Monel™ and alloys having a high Co content e.g. Kovar™ and
Permendur™. Of course, it is also impossible to use mixtures of the metals mentioned.
35
Metallic shaped bodies which are preferred for the purposes of the present invention
are those which can be obtained from powder injection molding compositions,
particularly preferably from powder injection molding compositions of copper-based
alloys such as pure copper, Monel™ and W-Cu-alloys.
40
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40  In a preferred embodiment of the invention, the oven atmosphere, i.e. air, flows around
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process step (b The f]low vel oci, ele ted can be vy

1 o ange EAFSE S'ehaRbr IR G VEOHILSTEHES 7 abP yasoB WG SIS fanas afd is
par ti cul ar lggngnady erlabisyprefesaliy 5.3 Mivearahmautitulaty raeferabhen Spo'st Bre amount of
through t heybi-gd Bﬁé&WM@dh MeepindapantsaP Bvd BefbiNSH @S dipfentdas QY @R

" a prof Ol B Hebh tdapner o, in-

this ca%e an inert gas atnosphere, for exanple a nitrogen atnosphere
or a reduciifg préERsPBAILBIINPK ocEmanplention, e boge BingdspRsRN Y Bis ddsews inert

around the Qaa%g a&%?é SBr ‘é%r‘nb‘i% ah R%‘;ﬁﬁ a%‘égor(e‘fé orEhF'edE}:%" a‘f@%?gg{eﬁ for

sel ected c
preferably esar:@pk%h%@g%¢tm0éam%[94 NP5y @PB?%meyshﬁpgd Rpdies ?‘H@‘%PFBB?RS 6P
t he at rmspl@e)r ght flanswisditg detdateaiugein bd@abéddesr a eindevangewen id epeacdy on

t he di mgnsi Y I t /.

i e/ y %@I%Iabg 9 ?%/?”é’nd pafR0RR dr¥fef‘&ftﬁ’§“s>18f ﬁa{sg%fégva@ﬁgm of the
Phe. Shapes ABEPIETE SORPREST 4gra meaﬁe%% el VaIoVBB REPRRRSLAT {4 HiFGIGANS
t he bi nder of éreowah aod éngeheralygropr e 58 nethe prefgrably dmoch (bo. 29 m’/a.

further preferred enbodi nent of the invention, the shaped body or

bodies is/are tr ortedcntlnu usI r h the b er rerm

oo aur: it (BE PSS or e hyReR, el ek egh%‘j@h%r bTES St sgpred
exanpl 5 t can¥porsiEdhionga thgpbioHet eamgval cedrodying prpaﬁ%ﬁo@teps ;6%)t¢ﬂd (b). In a
t hrough theurhieraomfeh@wmboameﬁt ofithd iitverlSMOotHe Bigiped Bédye of ®obRs28/are

g‘;fgcﬁgﬂl of En &%ﬁpéoﬁhn@&ﬁfs&%%@gﬁ’ftqea? 88&"%‘85&]1%%% duﬁ‘n%bt‘o@b&gstgésac% (b)
one transp@Pd (St Theorharsst bedy is: >f0b1e><@maiﬁsﬁ6w%p%@9h'§ Arhaighy 6T RONg oA

one anot hertrandfet phtpddolgidities bikiee remealt ovdre witthjireasmat beirbi alderto be
r emovalygar %ﬁ@&éé‘%ﬁgféwaéy le REANEG 4 Bo E erp[?é!t”%‘%%uﬁg F!@Br & 3fek FhSk with

whi ch nove t or a s rack or ro
It ohghx nEUReHaERYY St SeiiergsAa’ DAV AN KBRFORAAT G BhAI oftranspor

i nventi on, pathsl arraaiged yerff tobatecdnattzerr The shapad halist abkedrofo bepuléctod do

anot her. T%déﬁtrémo%rérbeécﬁlaﬁfa@e@u@ SRR ir0g §S pefmhEmR %aﬁ:ﬂdcamers whlch
preferably have | ateral r or at

Phe shaped B8 b S8 BYebig Socet iy Tl mﬁ%fnwiﬁ i8R brTovE s
at nospReér e ovgoTh@ncoHodinriti of thednyriltion earbeglityodl bistahderriara ke bpstecked on

oven pl ant sop Bf Vhé Ghothbe Bhapsdh hedies ara@bidetBlyedRchdrMeable HrRefreferably
bodi es, ar (?‘18?(31?5‘(&% §grfcgrgte(ae\fvélge\gh|%ﬁrgplg{n%t %50%3009\\{%{’( 0 ef}];é Bﬁgpe%et%o%jsstooae

time in an
at nospher e Suﬁﬁé@éﬂ? E@dW@ﬁ?Vﬁ’r"ét%‘?‘ﬁd’éﬁn ﬁK'PRﬁPBPreovens as are descrl bed
for the catalytic renoval of binder fromPIMparts, for exanple in WO

2006/ 1%6054rh/é~2c<9&m EE@ é%nﬂo@ﬁa binBe tdiet SHadd ff Sve{]neaaﬁﬁbm%ﬂ%ﬁ“the
of the |nve tio i nder tenbva en I's an ov

The. shapod SHeprbaodicsale Tefred &%%ﬁ%ﬁ%ﬂﬁ? B FURSGRP S CbTgeBPaRgHTeS
to the abomed@éfunaé@etledmefrtawnrean Peygenh@naising-aleos prede, peeieottdy ofan air

leh Imgh ok frﬁ r@F@qdﬂeS@fﬂd Q\f,eﬁshgrel B}f@@f) Ugrﬂog?ﬁseﬂé A6 GRYEERY for the
e apeC bl rimpraorandardrarh bl Bsd B SARPRO i BTSN ARG AL or

shaped 3bodiEst t&980e0Arhj ect ed to bi nder renoval are distributed on
transport boxes for transport through the oven over a suitable

residence r5‘3ﬂrs & %Fe%nﬁﬁt?cgoﬁ{“ngﬁxﬁsthg ‘ﬁor?otﬂé 'bQJ[He?‘??rﬁQ\Batl %g&n WL QLS

flow of gas ar

removal is “ﬂfPB%Wé@h t%ushmdsbqﬁﬁ%s\ée' m a.*@ﬂ&%ﬂfhﬁw%%w!m‘ﬂm@ brought to
transport hexabavehRfieedicpasraraydabihe abotd-dafireddpegads petineabl e si de
wal I's, 4gs a 10result of which vertical flow through the transport box
and a desired transverse flow



onto the sha ed b are chleved I n eneral n bel t
Fanspor t < 1t RES PRAUBEPL o6S er tiaete i 1A $i SR apueh pea i el fow
subj ect ed tobte maeratmesghesd trensversghtotthe trengporiadireatiop ekithe shrpeds bodiel oap
to 15 the nes&enpge time to be set. In an enbodi ment of the

i nvention, the belts in the case of forward and return novenent of
the conveyer belt are, for exa separated from one another by a
per f or aPed Tihet sliapshdwdiesTieebp &t J@p@ﬂefa predell restvet afss dighiibutagupatiapsport

preferably bbred agethriRigord tﬁﬂoegtedhér@b@h osBegtsuRMIeE Raitengf tn’hbeTh@ﬂ@hbpor’t
or over t h%o%% Ee(g:lq g%%ggﬁdguré)d( %ﬂﬁ&ﬂ?ﬁé\ﬁ%‘?ﬁ%s a cﬂ.m‘dh d bodies thbe

downwar d- direc ort
regi on of tHeepled P rP”aﬁert'”ﬁ'@O&%irﬁé&V@F‘Oiﬁlél fof éh'ﬁnpﬁm‘i’ﬁ?éﬁis a Vaﬂ"ageous for a
Advant ageotrshyporgboxieo phed esgashpertneable itiowi dedl gasiplrmeatde sidepealls, as a

regi on4gf thebinggn (/Sﬁeé(i ovP fﬁl&l t?ants Brt oAl L1 Qfdeﬁr&f){?é{r?s\(felrse flow

belt reduce ort CII‘CUI ucing the free flow cr
section. H”E‘&f P ehaped tf%)?r%@?lﬁ in a preferred enbodi ment of t he

invention, a flow path of the oven atnobsphere which is directed
largely verji ﬁérlav @EB@\JE@;Lér"[%]ttﬁaﬁs]&Srt& rtﬁ’é“%ﬂﬁé?ﬂorfjbé)%%t b@&b@ﬂﬁhtthé%haped

[ rove th ro

obowar . Bo Gﬁ?\&vég e o ST e ST R E SESS heriraghe t
r enmovallSov & n‘ersldﬂme:tune mab@ aelv ya ebbpdimenhef thﬁ@vmtrcme the Hellsvn e qgas of
dir teC_t gdt VedrivaERbhy retaMamevéMEMUEthE henkset ban e for BRAASIe AB&bdrAtdd from
contripute e V. . e \Y

the upper ég.%ﬁ‘h%?"v%h%%%ﬁﬁraé’eroe el VAEBE Ve pettriga MahP gt B bR Culfly
ceiling of Pf @rablwf&é'ﬁc?dsHﬁ@a?'OWe‘ﬁ?tabﬁ%‘?%r%fﬁE@arﬁ &f &W‘éﬁg’fhd)r over the entire
ar r angenenter@fh bheésecgivege pdalatiesihlenmémejommrdmmctécaymﬁrt @frcdihBow of the

ranspopt Boues,lhaaded. hifoshapedoha ‘?éturrr?‘%fsthémt%n%r}g PO e

shaped ody batch to nder
the transpdaHBIRUSyaAuide ?? which gre Riovidgd rFlD‘ﬁ a&h“%%&%ﬂ'%ﬁtth%@”def
t he i nvent iremoval beerbamtlierthe sapivadf aowweymrbeha@@cemhomclrcmirf@ws by reducing

circul ati omdgyd ﬂ@\ﬁ 1crc;s%rse%ﬁ@l{rplneaddhdnh§1é(yctfeﬁhé’flnfaaﬂ%fer@d%rﬁt‘)cm%@rq of the
uniformy al on e40| cul at

Whi ch ar 5 TEATbE SPRnBRNGH [RoRaD aERaN Whh: BedIaRb e Ealcaly
oven oR5pr eflelivebioythe reesnmat dregtion andwhusppesivedhe iflaw aredndsthe sgaped bodies

to be subjected 1o binder removal.

Guide plates provided in the lower region of the binder removal oven in which the
conveyor belt runs the force a flow of gas directed vertically upward through the
30  transport boxes and thus contribute to a homogeneous oven atmosphere.

Guide plates provided in the upper region of the binder removal oven can be located on
the ceiling of the binder removal oven. Preference is given to arrangement of these
guide plates on the uppermost layer of the transport boxes loaded with shaped bodies,

35 since the height of the shaped body batch to be subjected to binder removal and
located on the transport boxes can be varied in this way.

In an embodiment of the invention, the binder removal oven can have one or more
circulation devices, for example in the form of fans, distributed uniformly along the
40  binder removal oven. The circulation devices, which are arranged either only on a side
wall of the binder removal oven or preferably alternately on two opposite side walls,



. 8
effects the tL{rbuIe t flow of . the ove{\n atm)s%régre and as a result

honogeneou&RFi MFgttEug dowef the QenAmMeRRNSEE ARS AS AN BNOTBRASHE0% mMiXng
sanme ti me, oatheeihfarior ehthg- hindereasiongl evean sy éresearhé dimeo an effidiencytizgyeaking
body is achizpyetse RIWoRB tREl¥MYeadRay s fKkedinent, one or nore inlets
for air, in particular for heated air, into the binder renoval oven
are provided. In particular, a plurality of uniformy distributed )
bi nder Pembvan agewitadesks earediamidmnegeoiee irlptsder add PRGART for ReRIG G,
t he at nosphgs ehé noibde el @vedfark herovden irs paafturved ploralifyi 6f wajormly

Thus, intr i . : - LSi Rg.Ai , 0|
he bi nder FULE] pBbaRieTE! RBRIEE ORRLAGRIALE sBA iR, ofln®
vel ocity, PEaesPhes Bdhgrniggebakihgeryencigiachieyaa in His WhEPU%r‘%VW en of
enbodi ment padhebteel dxygelecompisivabir reentoee kgo the bibtied ramblawvdn aes nechber
| ar gel yptr LTS ; i i : ped

bodi esMPocg?Eﬁﬁ%hﬂereé%\@\ﬁgyﬁgggggg%%ngiﬁgkgﬁbggg%?eilﬁﬂg‘??r‘ospher e
required for binder renoval, in 15 particular the air required for

bi nder r endvalirther gréfatred danclamdimentooft the bintler remowl avee dsiekslde oldapvildw

OVen Vi a ORgeQEd PArEEITARLYErH8N & (Rt ParRbbY &MU Y lsped HRERS located
| ateral inlets can

e distributed unifor ver fhe ire. lenath of

{he.bi nder OISR Bowss 3T I PRSPl RalR® TP it bl
Her e, i8I epertisHlanie ali rgguingd fonbingehigerovek ifovtpdused inta e iptesipeefihe pinder
inlets arr agged avéerRad §r Bafdrisly eRpe sté@ilp biesgay Bletn ey &ltbral inlets
The 20 1 nlcgltl %e\?ﬁs@ri@?eacl?rmolrrgﬁ.ro%gr @ e%ltité l%a ff lﬂfg k?ﬁd&rr ) eﬂ%%éljl BPcan be
The at nospher e rcnisin this way 1ntro ficed at er al Fy¥ OWS

t hrough t h&ravidassqiby in %&%@néwefiﬂ%@%a@fﬂsmeowﬁ%af hsdinder rgmpal oven
subj ect ed taad hirefdebly ikt alrangigeieyndtela nsvien Sppbsitd fided anspoetvable. The

di r ect ié’zgnbirﬁé’tgh:aﬁ ﬁeré’d?'ﬁéﬁnreﬁeasfél ,_a%lr}jioq)est as NERAS B fRo¥fHerd whith is in

achi ev neans. of t ateral inlets for the atnosphere can be
suppl ement &8 BYRYcINteAHSR] l?ﬁera@mﬂe)é@ thepug r'%ﬁgtﬁsﬁ’ﬂ%eﬁrarﬂoﬁfs Jragkdhe
The bi nder shapssybbddies én be subgctedr idi igdaroetrioralslergshdtrpnsykeser iedhe transport

enbodi ment gpéctidie SLEY 8Rtaneerde a6 idaRAtnBelhared BBdiBY /ihichhs @bhibveddby dafs
in the tran he shaped

ort directiqn of t odi es i nt t | east . two, .
succossi ve ol Nahiatdnl e eRe TRPSTRERCr eHeraDeRed iy SRplaghy feovices
ext end€5 Therapgerhon hugsohkah gidepeast two treat ment chanmbers which are
separated from one another and are arranged in succession in the
transport dir ' h hap I.es, I ek
tr oat ment s 15 St orioval Bt RE SUootaply B B bk il SpcliBRITRY the
chambers. E¥eNidN desippddelovestnovanenbicrt diviriaduarthad@nprgregirection of the
facilitiesshaped bedits edto nEntasit tosplreessivd treatmesmt ehameatsnibndugbhainible rthe
I'S 35 33UPRlah&shr FQH%Q%’P]@E.”HGY oftin i€ hat Beleastulotrd 18 APHANH@hBich are
at nosphere |.e.ma5hj at the %FPWE“ ate te‘%g.erature. I'n ea?h treaé.malt"lt
chanber, t FEPERIRISHHE 282 200HIeF @0 &2 AMBYISHEERICEFSSIPrCN IBG MApFRARt direction
devi ce assiofjtiecshapeeaotics redthatdifferehtinbenal twatroérds of e sbhpgktodietitasbe
passi ng t[lrcaHtggh (SLnﬁn &Rl MBAnerNBREES er§.0:3@r ﬂ_hl%_t tQurﬁ@é‘é, %‘afcﬂ\fbféahniérhec_hamber
appropriate_at. er.e. r ir, inle acilities i es .
P ow o thdeRnhronries bEre fefiwelb Bmedtert Waphh fBaPERY cnahber i
t r ansv@Pse stppliede indeasrgsotly ofitheotheonwith theeprivapes Hoaprerad.e. air at the
provi ded i mppaphatertempaRMlireC MasdRr treatPent chamber, the atmosphere is circulated by

means of a circulation device assigned to each treatment chamber, so that the shaped
bodies passing through the treatment chamber come into contact with the appropriate
atmosphere. Here, air inlet facilities which result in flow of the appropriate atmosphere
40  onto the shaped bodies transverse to the transport direction of the shaped bodies are

provided in each treatment chamber.
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while in the nei
can be connected in series. If the directional flow varies from chamber to chamber, flow

from the left, for example, occurs in one chamber and flow from the right occurs in the
30 neighbouring chamber.

In an embodiment having two parallel transport paths, the corresponding atmosphere is

preferably introduced from both sides into one chamber, while in the neighbouring

chamber the atmosphere flows in the opposite direction, i.e. away from the parts on
35  Dboth sides.

A radial blower is preferably used as circulation device in the oven. Such blowers are
used particularly when a single transport path extends alt the way through the oven. In
another embodiment, the circulation device is an axially drawing and radially pushing
40  blower or a blower operating conversely. Such an embodiment is used, in particular, in
the case of two parallel transport paths of the shaped parts, with the blower being
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the atnosphere with the shaped body to be treated i s ensured.
35 In a preferred embodiment, the shaped body is heated to the temperature of the first

temperature stage at a heating rate of from 1 to 4°C/minute before process step (a) is
carried out. This ensures that binder removal commences simultaneously in all green
parts; a high temperature gradient causes an accessively high decomposition rate and
leads to bubbles and cracks.

40
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| east 1g/ ma’ﬂé‘t%uaw ed(tereggll %o @fm hﬁ@St réretalbly Wk %@é?%@ﬁﬁdu@é“i{% artacuiarly
S

preferably at f [n § conom'c reasons a Vv
heating rat®® P%a eAkresE ¢ gﬂja‘ﬁﬁ %ﬁ@%?mlctr&aa% 8 ngr Fale is
on t he qualdehgrady ssughteHowgyera iheseidan adtcesd effest @0OEnualityeofwéibtering, a

usual |y be h%gﬁn Péte'b%loﬁ\pm/mt@%ﬁﬂé@?wssét Ot W&rﬁ&hrﬁeﬁ@b@ﬁté@eﬁﬁs to
at a terrperat inter]

35 the- ot nERiHnGe PaRg S FaempEia RS phEIRRE Sinidsg t4p BREE BhiiEndding t
t he ramr§e ﬂh%ﬁfﬂ@@@@temp@m@ foo exaRpiae SoBloD E@MresRtuge Bdne 6enderfem 300°C

M nut es t o @700, Sor &xampRXSIITICe fop REpdhied from! BE i ulstol NGours, Ter éxaenpld bee
hold tinme he sintering tenperature, is generally set so that 30
the sintered shaped parts are sintered to sufficient density. At
custonmary sintering tenperatures and part sizes, the sintering tinme

i s gener al ITheEntaiimyuiresi.anbe polefiercadt the aintdriag $¢mB3dratre) it ganerdilyeset od tiat
durati ag Ofind RfSLAtL| @@ cheﬁ'ésslﬂér%da on?'bfﬁ’élei%fcjrﬁ'& ORt EL'fk.‘?om Sintering
production rate, and s g|h eore(ﬂp @Lsy Carl % sb(?
that the su‘?H‘B‘?ﬁaP@e ?% 8@ &8 st ﬁ&ﬂ”t‘?réﬂge“fﬁ%' 91%'};?{?' f'acTgH qsyar]doqra erably
time from ahlcacbddmirsigsoiThe taiél duration df the g6tegeqproatss hdsea giajor effécign the

process (i 'E)@édt@h@rg rét@eaﬁtﬁ@hté?ﬂ ﬂQQﬁ@eﬁ% Wférﬁ@étcamlﬁi @04 !Pngt méaéﬁt)enng

Il b bl ?
from 7 to Fes BeS ROCKE & BshRipd iy ot et EoR el Siepltioit . m

for exafpl @espisl.cheEnaEn nepcesusinehiing theflweiag inbase dnhedthpyigihe cooling
har deni ng, phags)adi BY.abAtoby tdriuden aftealem tadBhdigs, usually after from 7 to 12

hours.

After sintering, any desired after-treatment, for example sinter hardening, austenite
40 formation, annealing, hardening, upgrading, carburization, case hardening,
carbonitriding, nitriding, steam treatment, solution heat treaiment, quenching in water
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carbonitriding, nitridin steam.trefa nment, sol utign heat treatnent,

quenchi ng ©Ph Me"gfor hps isgtalie| Preswins P it oIt sipe RS KA CAPPPRReN of
sintered sliasedrgainerg stepsacaohbicadied oot dfondelstbesa wedatment stspse iar, ingtamce

be carri edspyd;. hé@éﬁngfna&shﬁ%eor_t ERB8TRBIngSERPSIso RS cdrisd BOER SIKALRR way
r

har deni ng, nl.trl.déﬂﬂgor carbonitriding can also be carried out in a

known way &UFHhg" ering. 5 The invention is illustrated by the
fol |l owi Ag exanpl es. Exanple 1 10Experinents on continuous ther mal

bi nder r emyvalinvaRiich Balustr@@datihé llawRbarbmgrscribed in detail in EP
1898170 A2. The binder renoval plant utilized conprised two chanbers,

each with dedicated circulation and gas supply. The boxes with green
parts wereE¥agtwé®iTon two tracks into the binder renoval plant. 15 In
each transport box, 3 kg of green parts made of Catanvold(c) 316LG
wer e pygheg-, 1o h . LNt Iy, par t it

est abl ﬁghe%XF ﬁrgﬁ&\]}%rgﬁ?gb ?’g 6,{,% t toHF Hn?[ebb:dt@fls rgﬁg{'ﬂn}gg%a%ﬁﬁ%ée%uta‘tn g"‘@i%nt
Speed of r SESTNGH BACERE FRrCOP 1 AD08 TR AEToMRaITY UiFe CarbaSeh e
t hi s speed cbémbersataadnwittodedsaien diedldtionangasswepplgi The bdxed withrgreeropats

the green pard ?&sﬁéﬁ PaWBWBKkSTE fhe Hirlder iHh&al gANOf the process was
nore than about 50 % 20l onger and thus significantly | ess econom cal.

The necessary anmount of air was |ikew se determ ned i®n prelimnary
t ests. 1Bler &) eacit tardporrisunt kafof greenoparEomadg bf Gawnfadindl6l& were pushed in

suffi g i eﬂt onGhrddhisseb Ot linit Pidiminds @Bh itWRaE ebRRblighéd cast iééwasa&;b@ctory
secona cha n r I : t

The necessdryite S BegRo Sl =Ea spricatsRio B fierdf o edt ik iR lles
at a tenpeinsticated Hat thigotpged of Relation earrespandnsto agps1wincity Af ¥ REmieeshdhe
chanber andream efrfscat bstewremonianthe durdt®nalf tfe progess whamves thahhebogt & fb

parts gﬁ{rp%z@(rgr ol o8 g@gg@kfgﬁmrgg g&%gf?g:a@yed a weight loss of 7,79%

by wei catal yti r enov the wei ght | oss shoul d be at
| east 7.6% by wei ght.
The necessary amount of air was likewise determined in preliminary tests. Here, a total

amount of air of 20 m*h was found to be sufficient. Of this total amount, 15 m*/h
were introduced into the second chamber and 5 m®h were introduced into the first
25  chamber.

The necessary conditions for satisfactory binder removal were found at a temperature
of 170°C in the first chamber and 180°C in the second chamber and an effective
resonance time of 7 h per chamber. The green parts composed of Catamold 316LG

30 displayed a weight loss of 7,79% by weight. For catalytic binder removal, the weight
loss should be at least 7.6% by weight.

At temperatures only 3°C higher, hairline cracks could be seen on the surface; a further
increase by another 3°C resulted in additional occurrence of bubbles. At temperatures
35 which were 3°C lower, the green parts were intact but the binder had not been
completely removed (weight loss 7.48% by weight). At a higher transport speed (5 h
per chamber), binder removal was both incomplete and associated with the occurrence
of hairline cracks. Under the conditions found, a throughput of green paris of about
around 0.5 kg/h was achieved in continuous operation. The parts which had been
40  subjected to binder removal were subjected to removal of residual binder and sintered
under hydrogen; for this purpose, a heating rate of 5°C/min was chosen in the range 20



At tenper at S 3C h |ne cr Co e_seen on t
surf ace; %Hgtqﬁgrp‘ ﬁy‘ﬁ’ﬁ @QQ@ %%ygﬁﬁl palyig Efta@ Ellfl‘? ﬂsﬁ)d p%}@pera fire
occurrencemfs higlgbiire $or 34 and theepaais wees c@Pedvagain aivb( €/1B10. Iovver, t he
green parts were int act but the binder had not been conpletely

removed ( | 0ss 8% r or eed
nper - changbppariy e arani SRR denst EatetUeL 15 0B SR 2
with thé odeunsityeridieis 8foyhai rli ne cracks. Under the conditions found, a
t hroughput of green parts of about around 0.5 kg/h was achieved in
continuous operation. The parts which had been 40subjected to binder
removal were subj ected to renoval of residual binder and sintered
under hydr &@RAWP1#8r this purpose, a heating rate of 5C mn was chosen
in the range 20 13 - 600C. This was followed by further heating at

10C mi g&g%ntg%ngfnﬂgﬁl@qu{ﬁ4Mﬁ W@lledthgﬁ Err eQrOL@ dhth@'l%rﬁehﬂaﬁaﬁtér

wer e cool e r[?

sintered d@ﬁ’ér ipg Qyf simiteg Qpfipyizatipn gvor 9lt 2"%30 Uf‘ﬁiué Ry gf"ﬁ‘ %‘é"p%%ﬁl g
of this al IregiderErdimpisehe®l to(ExgpEpteresitubilyi sihegyoOdt rsans |fcbnl WhisRHEWY hisder had
2 gtenmca;{ I %%eﬁ%mé%d%‘?&eﬁﬁéf?foﬂh@ﬂi a {e%fde:?xf:e %%V&Bﬂﬁpé}l&haﬁbgﬂ ér@fat 172°C in

imzati i at_on era

o5t dence et ftambey BB MNE o8 lseGitd o hbes TRE AAIAHEE P Pelabipr
t he bi Aler 7THdde bééﬁlghérﬁWédta{bﬁﬁ eindpereniayak weawerghtri@@ dieHiElestaheEe 31278
h per chanber and at 172C in the first chanber and 180C in the second

chanber. @nt%r‘?ﬁgt ﬁnﬁ?%gﬁr B‘?ﬁ gp&eﬁtﬂ%%aﬂg "%ﬁ‘?‘h"?’gﬁ%fﬁ e‘%@g@*r 9ut a sintering

catal ytic bin
Sintering @@fﬁ@?rahwpbgﬂw%ﬁﬂf@rg%@ srtreeddengity Piohes &"@“1%‘%2%{%?%”‘18 toa
but at a sishit@eddgndigrgieB®t Wrotrabronl y 1350C gave a sintered density
of 7.63pg/mM . This corresponds to a sintered density of 98.8 % of
theory. 20 Exanple 3 Experinents using a devel opnent product based on
pure copper powder were carried

Example 3

Experiments using a development product based on pure copper powder were carried
25 out in the same plant. Since this material was still in development and no large
amounts of product were available, the loading with green parts made of Catamold 17-
4PHW as a working load was simulated; these were loaded on the upper and lower
leveis, while green parts made of the Cu feedstock were positioned on the middie level.

30  After carrying out optimization, green parts from which binder had been correctly
removed were obtained at a residence time of 6 h per chamber and at a temperature of
195°C in the first chamber 200°C in the second chamber. The weight loss during
thermal binder removal was 7.5% by weight. The comparative value from catalytic
binder removal was not available as a guide because the Cu powder reacts with

35 gaseous nitric acid to form nitrate and the pores become blocked thereby. Parts from
which binder had been removed in this way were sintered under hydrogen in a similar
cycle to example 1 but at a sintering temperature of 1050°C fo a density of 8.71 g/ml;
this corresponds to 96.7 % of theory.
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25 out in je_sane plant. Since this material was still in

devel opnent 'ARS no I ar ge amounts of product were avail able, the
|l oading with green parts made of Catanold 17- 4PHWas a working | oad

was si nul atied; At hresgsver end easipdo@d tHdh@aurpevarsdbihedefrorh ey flctallicVahd/er

green parts made of g@ag)e%odgﬁ,ﬂ&h%%é b%@ﬁ ﬁro%ﬁé& b%ﬂfet%ttgrp moﬁb‘?r\}ﬁegﬁusﬁon or

| evel . 30After "Carr
bi nder fad beeﬁf%émﬁeéﬁiﬂg aeﬁhwr@apia&twe CQB’IPQFIH% #d £opsiperenle lqgstreone
of 6 h per chaﬁbl@bxwmhﬁénahbmﬂpaméuroe abol¥RBE dsnbihdier fni & Shinddrardherval

200C in the se t loss during thermal binder
%g Mlprises fhieV¥te
0

renoval was 7. )y el ght'. e conparative value fromcatal ytic
bi nder renoval was not aval | abl e as a gui de because the Cu powder
reacts with 3@&)desevak ohibirmdec fari dhe chEpednbody riat® binttbr tresopalr egen at a

?ﬁfg”ﬁgg' %rgdsf@nﬁ%frgwre Fv’@-ﬁdhs |sf ?r@ig? whigc bodat '?J@%RN H@t@ﬁﬁé}afu%%\fe&i s'eBond
but at 5 nt er (TR S £V Romot Bord Dlondt poRir g fref i ure
thi s correspondstage i®an pxygenfcoripsising atmaspheraai ns 1. A process for the
cont i nuous ther mal renoval of binder froma netallic and/or ceramc

shaped body ﬁélrr{b%éla &ﬁr{hepﬁfﬁﬁ tha’ed' BHdS%t[t a?@mggljafﬂré‘% thS’?é@é% 260 to

or 5 pressin ic'co on rrse

| east dAe pol yo%Qﬁé%ﬁ%r@f@fﬁér%ﬁ@M@ﬂ%'FOLE%WW%Q%@ONDH@!@@ afrpogphere
bi nder renoval avesecodditeperatips sgs ahbie st eps (a) Renoval of

bi nder fromthe shaped body in a binder renoval oven at a 10
tenperature which is from5 to 20C bel ow t he ten'?erature of a second

t er nper at ure & &FEWFeP! @”%%frff% o ShaRsit Dodyeat1® teierfraturs imthe; regge from
t enper at ur e st ageo itm 660T Comvey @rpariod@f fremn?) taad hosshierahird temgdrdiuRestagaln

of binggr from fah%xgé@p@diné}% c#tneatrawgmmgra@mbgbﬁelﬂ@ range > 160 to

15200C over a perio f from hours in an oxygen-conpri si ng

at nrosphere in a second terrperature stage and (c¢) Renoval of
bi nder from the shéipte Huupddodiestmieirarspoded ihrohgh tengieder mm@@0oven

600C over a peri qgi,rmg pfr(ﬁd@g},gtebg @a{m@qf); in athird tenperature stage
i n 20an oxygen-conpri sing or neut r al reduci ng at nosphere, with the

shaped bodi es bei ng transported throu h t he bi nder renoval oven
duri ng Er o@ess T§e gpacess)acandingoio. clamp 1THéemim dess shapagoberivnig hented & the
1, wherein thetshepedrdadythe sfilbeatrageraturd hageempes seastieg obtd e ffam gt to

terrper ature st Q@@/nﬂﬁuté‘bgﬁ?é b,%gegsag;[gp PJ) id Lomdobio 4C minute before

process step (a) is carried o

3.  The process according to claim 1 or 2, wherein process steps (a), (b} and (c) are
30 carried out in the same binder removal oven and the shaped body is transported
through the binder removal oven during process steps (a), (b) and (c).

4.  The process according to any of claims 1 to 3, wherein an oven having at least
two successive treatment chambers is used as binder removal oven.
35
5.  The process according to any of claims 1 to 4, wherein an oven having gas guide
devices which effect the flow of the oxygen-comprising atmosphere onto the
shaped body transverse to the transport direction of the shaped body during
process step (a) and/or (b} and/or (c) is used as binder removal oven.
40
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3. The process.-according to claiml or 2. wherei ocess steps (a)
(b) "and’ (OF ar I SoRRRe Bt I b SE R b B SRS TEr S inde e
shaped body i s ceraams pbaragicbadigsough t he bi nder renoval oven during
process steps (a), (b) and (c). 4. The process according to any of

claims 1 to, 3, ' . ayi e Ve ..

t r eat ment ?hanb@@gﬁ,r:sg&ﬁg%ﬁgﬁ{bo%n%@?gfr g‘%bni’/saﬁ%évéeﬁ& tégqgﬁg%eﬁpbr'%dg ésf em
accordi g to aryeidiic ehaperdodiefo 4, wherein an oven havi ng gas guide
devi ces which effect the flow of the oxygen-conprising atnosphere
onto the shapedab o) Ar o] j I :

shaped bod?dur?néﬁéf%ﬂg@zﬁé%m anj{égﬁlélc} oa?'a?g) Egﬁm%%%gggigdﬁésﬂgmgns @
bi nder renoval [GRIBIRPASHECHMPOR{ONY hcess according to any of clains 1
to 5 for the renoval of binder fromceram c shaped bodies. 7. The

pr ocessjgaccor di i i it e ) .
from5netallic (gﬁapg‘%ﬁﬂ% op{he%@f'r@[a%t‘ ompbditiort Wlnfe%ﬂ_@t‘{ﬁ{old?rﬁg,ﬁxﬂgﬁbn or

gi gs. 8. %rﬁgess for producing netalli
and/ or ceramc shaﬁéﬁsﬁlg P &M G EHER P rnmopl astic conposition by
10(d) shaping of the thernoplastic conposition by injection nolding,
extrusi on or pressir&goled of BemirkicgbeamrarrRey acéRding @emipd 10f the binder
by a process according to claim1 15(f)subsquent sintering of the
green body from which the binder has been renoved in step (e).

15 (f) subsguent sintering of the green body from which the binder has been

removed in step (e).



