-1. Bonding inorganic noldings produced from powder injection nolding
materials by injection nolding to inorganic noldings produced by a nethod
other than injection nolding 5 The present invention relates to a nmethod for
bondi ng at | east one first inorganic nolding produced from powder injection
nol ding materials by injection nolding to at |east one second inorganic
nol di ng produced by a nethod other than injection nolding, and the use of
this method. 10 It is known that nDIdFﬁgS can be produced frominorganic
materials by mxing netal powder or ceram c powder with binders to give an
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material on injection molding machines to give moldings (green compacts),
removing the binders from these moldings (brown compacts) and then sintering the
15  moldings. Such a method is described, for example, in DE 40 00 278 Al. This
German Laid-Open Application relates to a method for the production of an
inorganic sintered shaped article by molding a mixture of a sinterable inorganic
powder and polyoxymethylene as binder by injection molding or extrusion to give
a green compact, removing the binder and sintering. The polyoxymethylene is
20  removed by treating the green compact in an atmosphere containing gaseous boron
trifluoride.

Compared with other production methods, the moldings produced by the known
method have, inter alia, the advantages that a wide range of materials are available

25  for this purpose, that complex geometries can be produced and that narrow
tolerances can be achieved without reworking (accuracy about +0.3%) and good
surfaces can be obtained.

In the prior art, such organic moldings produced from powder injection molding
30  materials are bonded to other moldings produced by means of other production
methods, inter alia by welding, screwing, adhesive bonding or forging, depending
on the material. These joining methods are, however, not equally suitable for all
material combinations, and high costs are frequently incurred when permanently
joining individual moldings and the bonds produced thereby between two
35 moldings do not always meet the requiremeﬁts set for them. Thus, the known
joining methods are problematic, particularly when bonding high-alloy and



met hods, inter alia by welding, screw ng, adhesive bonding or forging,
depending on the material. These joining nethods are, however, not equally
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15  We have found that this object is achieved, according to the invention, by a method
for permanently bonding at least one first inorganic molding (1) produced from
powder injection molding materials by injection fmolding to at least one second
inorganic molding (2) produced by a method other than injection molding,
comprising the method steps:

20
a) injection molding the first inorganic molding (1) from binder-
containing powder injection molding materials,
b) removing binder from the first inorganic molding (1) and
25

¢) carrying out a sinter process with the first and second inorganic
moldings (1, 2) which have been fitted together,

the at least one first inorganic molding (1) and the at least one second inorganic
30  molding (2) being fitted together before step b) or before step c).

In step a), a first inorganic molding is first produced from powder injection
molding materials by injection molding. The first inorganic molding may be a
metal body. The powder injection molding materials are present, for example, as
35  injection-moldable granules which contain both an inorganic powder (for example
metal powder) and a binder. Preferably, a prdduct from the Catamold® product
range of BASF AG, Ludwigshafen, Germany, is used as the injection molding



cont ai ni ng powder injection nolding materials, b) renoving binder fromthe
first inorganic nolding (1) and 25 c¢) carrying out a sinter process with
the first and second inorganic noldings (1, 2) which have been fitted
together, the at |east one first inorganic nolding (1) and the at |east one
second inorganic 30 nolding (2) being fitted together before step b) or
before step c). In step a), a first ingrganic nolding is first produced from
powder injection nolding materials by3injection nol di ng. The first
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15 In the prior art, there are binder systems comprising thermally decomposable
binders, in particular waxes. These are removed from the first inorganic molding
by a thermal binder removal process (melting out or decomposition via the gas
phase). Another possibility for binder removal is solvent extraction, in which the
binder is removed with solvents, such as water or acetone.

20
The most widely used process is catalytic binder removal, which permits short
binder removal times. For example, the Catamold® powder injection molding
materials of BASF AG contain polyacetal as a binder. In the presence of a suitable
catalyst, polyacetal can be depolymerized even in the nonmolten state to give

25 gaseous components and consequently removed without residue from the injection
molded part. This is permitted by the particular chemical structure of the
polyacetal. In contrast to polyethylene, polyacetal is characterized by repeating
carbon-oxygen bonds. Acids can attack at the oxygen atom of this group and
cleave the macromolecule into the basic building blocks CH>O (formaldehyde). A

30  preferably used catalyst is gaseous nitric acid (> 99%). The particular suitability of
this chemical reaction for removing binder in powder injection molding is to be
seen in the conditions under which it takes place. The polymer has a melting point
of about 165°C. The binder removal takes place at substantially below the melting
point, at from 110 to 140°C. The reaction progresses in the form of a front from the

35  outside inward through the part from which binder is to be removed. During the
reaction, the polymer is converted directly from the solid into the gaseous state.
The reaction gas can thus escape very easily through the already porous zones of
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sintering, casting, forging, milling or turning.

Sintering is to be understood as meaning a heat treatment process in which the
loose powder framework of the first inorganic molding from which binder has

20  been removed (brown compact) is compacted to give the finished component and
at the same time is bonded to the second inorganic molding. Thermally activated
material transport, which leads to a reduction in the specific surface area of the
inorganic powder particles, takes place during the sintering. As a result of the
growth of particle contacts and the reduction in the pore volume, the first inorganic

25  molding shrinks during the sintering in step ¢) of the novel method. Furthermore,
particle contacts between the particles of the first inorganic molding and of the
second inorganic molding form as a result of the sinter process at contact surfaces
of the molding assembled before the sinter process is carried out. An intimate bond
forms between the two moldings.

30
The novel method consequently permits economical bonding of inorganic injection
moldings to inorganic non-injection moldings in large quantities.

In the present invention, the first inorganic molding and the second inorganic
35  molding can be assembled before step b) of the novel method or before step ¢) of
the novel method. If the moldings are assembled before step b), they pass through
the binder removal step b} together. The novel method steps b) and c) are carried



5 deconpose under the slightest vibration. A small proportion of the binder
therefore consists of a polyner which is resistant to the catal yst and
imparts to the nolding sufficient strength for the further processing. This
proportion is expelled during the subsequent sinter process. The first
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15 i) from 15 to 60% by volume of at least one binder B and

iii) from O to 5% by volume of at least one dispersant C, the sum of the
components A, B and C being 100% by volume.

20  The inorganic sinterable powder A can be selected from all known suitable
inorganic sinterable powders. It is preferably selected from metal powders, metal
alloy powders, metal carbony! powders and mixtures thereof.

Examples of metals which may be present in powder form are iron, cobalt, nickel
25  and silicon. Alloys are, for example, light metal alloys based on aluminum and

titanium, and alloys of copper or bronze. Hard metals, such as tungsten carbide,

boron carbide or titanium nitride, are also suitable, in combination with metals

such as cobalt and nickel. Suitable powders are described, for example, in

EP-A 0465940, EP-A 0710516, DE-A3936869, DE-A4000278 and
30 EP-A 0114 746 and the literature cited therein.

The particle sizes of the powders are preferably from 0.1 to 50 um, particularly
preferably from 0.2 to 8 um. The metal powders, metal alloy powders and metal
carbonyl powders can also be used as a mixture.

35
The dispersant optionally present as component C may be selected from known
dispersants. Examples are oligomeric polyethylene oxide having an average
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In a preferred embodiment of the present invention, the sinter process which is
carried out in a furnace comprises the following steps:

A) heating the furnace containing the assembled first and second inorganic
20 moldings from room temperature to a first hold temperature of from 300 to
700°C, preferably from 550 to 650°C, at a rate of from 2 to 10, preferably

from 4 to 6, K/min,

B) maintaining the first hold tempeérature, preferably for a period of from 0.5
25 to 3 hours,

O heating the furnace to a second hold temperature of from 1000 to 1400°C,
preferably from 1200 to 1300°C, at a rate of from 2 to 10, preferably from 4

to 6, K/min,
30
D) maintaining the second hold temperature, preferably for a period of from 2
to 12 hours, and
E) cooling the furnace at a rate of from 2 to 20 K/min.
35

This sinter process is particularly suitable for powder injection molding materials
from the Catamold® product range of BASF AG. In general, the sinter process
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undesired chemical reactions during the sintering. When choosing the atmosphere,
all reactions possible between the gas, the sinter material and the furnace should be
taken into account. Possible inert gases are hydrogen, argon or nitrogen or a
mixture thereof.

15
In a preferred embodiment of the present invention, a lubricant is applied to at least
parts of the contact surfaces of the assembled first'and second inorganic moldings
before step ¢). The lubricant serves for ensuring the shrinkage of the first inorganic
molding during the sinter process without hindrance and without an intimate bond

20  between the shaped articles, which is undesired in certain areas. The lubricant is
therefore applied before the sinter step to those surface sections of the shaped
articles which are in contact after their assembly but which are not to be bonded by
the sintering, but rather along which surface sections the first inorganic molding
slides as a result of the shrinkage during sintering. A necessary property of the

25  lubricant is therefore its sliding action at the maximum sintering temperature
(second hold temperature). Preferred lubricants for the novel method are boron
nitride, molybdenum sulfide or molybdenum disuifide.

In a preferred embodiment of the present invention, a polymer film is inseried,
30  before the sinter process is carried out, between certain surfaces to be sintered
together. The polymer film may perform various functions. It may ensure a better
bond between the first inorganic molding and the second inorganic molding since
it has a lower melting point than the maximum sintering temperature and
consequently displays an adhesive effect between the moldings during the sinter
35  process. Furthermore, it may release carbon, which diffuses into the surfaces of
both moldings, reduces the melting point there and thus permits sintering closer to
the melting point. The polymer film may be selected from all known suitable
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E) cooling the furnace at a rate of from2 to 20 K/min. 35 This sinter
process is particularly suitable for pdwer injection molding materials

from the Calikd i Plioplicto 2nhusis BABRAG b BRNSIRD: cBRrifk !

process -7- t bet r d to the resp ectlve matg e5|ntered In
t he abovenmsPfly@Rugne ¢f lxpropylens @d))é’FrPOItYN@ﬂ eerid, V@) spml | proportion of
residual binder is still present in the first inorganic nolding after the

bi nder renpyal in ste aken i,nto a ount ég mai. nt aj (11 }Lngeflrst
ol d § emmer L6k, pisSert 18 esiiop ortheliiore, ris® th BRCisE bt poue nr e gfk

resi duab bipdéictioakdgent pars, g&mevhmbst Jeurlrs] I&tzas ndzeteperro&t:tsrpuﬁu fpbﬂsreached
(second hol terrper ture i é% depends. on the., materi he first
and the sec Fnrgf’%érﬁagswg’ﬁlz l?,'e[énn "@F Bt VAP RALS: ptPé’Fér%F‘S?“t Skes pl ace
in inert gabotmeholdchpphmduaﬁekhpaleamptmnt tbolsTdnepartsetheregfi SThat msesphhthee or t he
reduced pre r n chem cal
enct i ong. aiiehgefiel iEHeFERA ol Palt e ot B YN s SRLIEES

e’sinteri I'ng all reactions
possi bl e between t he gas, the SI nter material and the furnace should be

taken ijgto ]?ﬁ g Possible inert gases are hydrogen, argon or nitrogen or
a mxture ereof .

The invention is explained in more detail below with reference to the drawing.

Figure |  schematically shows the sequence of the novel method in its preferred
15 embodiment.

Figure 1 shows, in illustration i, a section through two moldings which are to be
firmly bonded to one another with the aid of the novel method.

20 The first inorganic molding 1 is an annular workpiece which is present as a green
compact in illustration i, i.e. was produced by means of injection molding from a
powder injection molding material, or which is present as a brown compact, i.e.
has already had the binder removed from it. The powder injection molding material
comprised, for example, injection-moldable granules for the production of sintered

25  shaped articles from a low-alloy, case-hardenable steel of the type 8620.

The second inorganic shaped article is, for example, a forged part of high-alloy
steel. It has a cylindrical second 3 whose radius is smaller than the radius of the
first inorganic shaped article 1.
30
In illustration ii of figure 1, the two moldings 1 and 2 have been assembled. The
annular first molding 1 surrounds the cylindrical section 3 of the second molding 2,
the symmetry lines 4 of the two moldings 1, 2 coinciding. If the first molding 1 is a
green compact which still contains binder, the binder removal is carried out
35  according to the novel method in the assembled state of the two moldings 1, 2
according to illustration ii of figure 1 before the sinter process begins,



15 In a preferred enbodi mrent of the present invention, a lubricant is
applied to at least parts of the contact surfaces of the assenbl ed
first'and second inorganic noldings before step c). The lubricant serves
for ensuring the shrinkage of the first inorganic nolding during the sinter
process w thout hindrance and wi thout an intimte bond 20 between t he shaped
articles, which is undesired in certain areas. The lubricant is therefore
applied before the sinter step to thos®.-surface sections of the shaped

articles Lch are in.contac fter their assenl ut .which ar t to be
ponded by | 1% TEFpRRRE bl el L Rt BEOL s B8 he 7 o
i nor gani ¢ remiteli pepcesd caledbeasaraed emitilas e rnexe ssipr afkragssentblyi nf) thé nweri ng. A
necessary gropelky gf the 25 lubricant is therefore its sliding action at

t he maxi num sint®ering tenperature (second hold tenperature). Preferred

| ubricants for the novel nethod are boron nitride, nolybdenum sulfide or
mol ybdegum ﬂ'lﬁbﬁéahf’?not'sgoﬁn}){se%r@%'iﬁﬂy %E@?éﬂl! {3ERbseClontdl® sREFERS™ of BYRNLI ON, a
polymer filmis inserted, . 30 before” the sinter process Is carrjed out,

bet ween certh@pef aiicies @8swhishphe Sirsitmaelding & slifdes Fing Tiseshgiskggeeowing| th nay
perform vargheugud#pctions. It may ensure a better bond between the first

i norgani ¢ nolding and the second inorganic nolding since it has a | ower
melting point than the maxi mum sintering tenperature and consequently
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sintering cam@s@roft the twe nidlingn@ pad 1t .respeetivedy, ywhichf ark nfonby jdiged dlyect ed
fromall knom% .suitable -8- polymer filnms. It preferably contains a pol yner

fromthe grBBF™B8nsisting of polyethyl ene (PE), pol ypropyl ene (PP) or
pol yvinyl chloride (PVC). The present invention furthernore relates to the

use of the ARNEhdPEIORERE 1 B5usORATNGE! P Bind ool BETmToS! o

jewelry, levers, nozz Ccovers,
15  method after the sinter process has been carried out. Molding 1 has been shrunk

during sintering on the cylindrical section 3 of the second molding 2 and has been
sintered together with this on the surfaces 6, 7. The workpiece 8 produced in this
manner is, for example, a gear part.



el ectric nmotor parts, ball bearings, valves, weapons parts, sports
appar at uses, househol d appliances, nedical equipnent, tools or parts

t hereof. The use of the novel nethod is, however, not limted to the
production of said workpieces. 10 Drawi ng The invention is explained in nore
detail below with reference to the drawing. Figure 1 schematically shows

t he sequence of the novel nethod in its preferred 15 enbodinent. Figure 1
shows, inillustration i, a section t'I"M’ough two nol di ngs which are to be
firmy bonded to one another with the aid of the novel nethod. 20 The first
i norganic ﬂ)l di Eﬁ% 1 is an g:{mul ar workpi ece which is present as a green
conpact i nH§tPLEIPERFHPPPEralS o \was produced by means of injection nol ding
froma powder injection nolding material, or which is present as a brown
conpact, i .e. E::«xs al r ead d the binder renoved fromit. The powder

i njection erI di érswpggaing%/mo Eﬂgpri sed, for exanple, injection-noldable
granul és f@r thSepombimotgaoe mbidsignt ered 25 shaped articles froma

| ow al | oy, ;caseha .steel of the type 8620. The second inorganic
shaped arti3cl e idﬁﬁlﬁ‘g‘?ﬁtegé%w%l e, a forged part of high-alloy steel. It has a
cylindrical4 sec@ythetrphlimss radi us is smaller than the radius of the first

i nor gani ¢ shape i 30 Inillustration ii of figure 1, the two

nol di ngs 155and g:@gaf/cgﬁgrgaéc%s assenbl ed. The annular first nolding 1 surrounds
the cylindé cal Sslece ohthg sedondmeoldingovtdchnisitdibagpiged by intesipgnetry |ines 4 of
the t mol-di n b 3L G NG ol g [ . Ll is a green conpact
whi chmg!ti I I7dcogsszyl}fr?gggf:%ggﬁtq?ﬂgmﬁi%\%el?%rtglr?té)?/%f]éq)ﬂ%?%:lg%rnlﬁgd out 35 according
to the novd metWekpiseet he assenbl ed state of the two noldings 1, 2 _
according to illustration ii of figure 1 before the sinter process begins.
-9- If the first nolding 1 is a brown conpact from which binder has been
removed, the



sinter process can be carried out as the next step after assenbly of the two
nmoldings 1, 2. 5 A lubricant (not shown) is preferably applied to those
contact surfaces 5 of both shaped artlicl es on which the first nolding |
slides during its shrinkage owwng to the sintering. A polyner film (not
shown) is‘{?,referably pl aced on a surface 6 of the second 10 nvol ding before
the sinter ﬁg a84Rd i s consequently present between those surfaces 6 and 7 of
the two noldings 2 and 1, respectively, which are to be joined by

sintering. Illustr tiofn iii of figure 1 shows the noldings 1, 2 bonded
according lto t OfPSWHGH%ﬂM’BE at least ong fisst inprganic noddingdden carri ed

out. Ml di ng 1(§Jﬂaﬁxldaemusbéwademjwﬁ¢moﬁ ﬁhteﬂﬁlscuglhpeusﬂhldlﬁhgfi&' section

3 of the seconc di ng d has. been tered her wt his on the
surfaces 6, 7. @W@'@‘“BW@H’&Q mdyce%lahmewth@l othgrthaanpl e, a

gear part. -101nbtmnaﬁla%%ﬁpﬁﬁneufmﬁah§d§uﬁ rst inorganic nolding 5 2
Second i norgani ¢ nol di ng ndrical section 4 Symretry lines 5 Contact

surfaces 6 Surface of the second nol ding which is to be joi ned by sintering

10 7 Surface Ofa%/\éhﬁ]céﬁdtﬁtmaﬂkﬂﬂ rmevmsf:hnb.gaﬁ;e Hﬁjwleg ngq gab rwg 8
Wor kpi ece - 11- ¢l aim ermanent ondi ng at east one
first inorganic nﬁﬂ%ﬂ%w“’der injection molding materials,

b) removing binder from the first inorganic molding (1) and

¢) carrying out a sinter process with the first and second inorganic
moldings (1, 2) which have been fitted together,

the at least one first inorganic molding (1) and the at least one second inorganic
molding (2) being fitted together before step b) or before step c),

wherein a lubricant is applied to at least parts of the contact surfaces (5) of the
assembled first and second inorganic moldings (1, 2) before the sinter process is

carried out.

2. A method according to claim 1, wherein the powder injection molding
material for injection molding of the first inorganic molding (1) contains

1) from 40 to 85% by volume of at least one inorganic sinterable
powder A),

i) from 135 to 60% by volume of at least one binder B and
iif)  from 0 to 5% by volume of at least one dispersant C,

the sum of the components A, B and C being 100% by volume.

3. A method according to claim 2, wherein the powder A is selected from
metal powders, metal alloy powders, metal carbonyl powders and mixtures
thercof.



produced from powder injection nolding materials by injection nolding to at
| east one second inorganic nolding (2) produced by a nethod other than

i njection nolding, conprising the nmet-HA@d steps: a) injection nolding the
first inorganic nolding (1) from binder- containing powder injection nolding

material s, b) renmoyi bi nder fromthe first inotganic.mldin 1) and c¢)
carrying aut aAs'F‘ﬁ‘\r‘@a%ﬁ‘i%@@é"m ﬂhtlﬁg‘sfli t[o; wé‘ﬁ'c'f“g@@d’me%slﬁ'?‘g%ﬁé nol di ngs
(1|, d2) vv?i )ch hinoegdnie mdldinge @)t opatingrat lehst aiic |ﬂm&'ﬁal?g‘lﬁl{f imestgr%up)rga?i c .
nmol ding (1) an . at n ecand | nor.gani I ng.. jng fitte
t oget her bef org‘"ﬁ%‘ﬁ’gb‘}IJ lggéﬁg’%oﬁ%asﬁ‘@ﬂ% ?‘%ﬁe{?’&fﬁ“gmﬁ%ﬁﬂéﬁ@ §°§4 applied to
at | east part salddys; ightonetalzcheayy nfetals, copper-based taterials oe mobledndtalsst and
second inorganic noldings (1, 2) before the sinter process is carried out.

2. A nethod according to claim1, wherein the powder injection nolding
materi al bor i & methodracourddignty anfy aftodaifmisristo 4,nahegeinithe winteti prgeess js cont ai ns

1) from 15 ockbied opy AATEmE afd sofifiies MTRORIRARES: ana™ (1) om0 10

5% by volune of at |east one dispersant C, the sumof the conponents A B

poucor A 19 sofdct olepithte S ERBRIAE I by Tl A et 2" 1

car bonyl powders andnorganicimaldingh €l c?f fromlfoom! temiperatuino do acfirst okt t o any of

claims | to 3, wherej é?g cond .in ani ing (2)
contains at | east ogéern er?&ééﬁ%ﬁéﬁ?h@ﬂéﬁ@ﬁﬂ:ﬂggﬁbﬁgﬁ ﬁ"gmc)MPB@ al | oy
steel, stainless steels, tool steel, nmagnetically soft

B) maintaining the first hold temperature,

O heating the furnace to a second hold temperature of from 1009 to
1400°C at a rate of from 2 to 10 K/min,

D) l—nai.ntaining the second hold temperature and

E) cooling the furnace at a rate of from 2 to 20 K/min.

6. A method according to one of claims 1 to 5, wherein the lubricant is boron nitride,

molybdenum sulfide or molydenum disulphide.

7. A method according to any of claims 1 to 6, wherein a polymer film is inserted,
before the sinter process is carried out, between certain surfaces (6,7) to be

sintered together.
8. A method according to claim 7, wherein the polymer film contains a polymer from

the group consisting of polyethylene, polypropylene or polyvinyl chloride.

9. The use of a method according to any of claims 1 to 8 for producing gear parts,

gear wheels, jewelry, levers, nozzles, covers, pump parts, electric motor parts, ball



alloys, light netals, heavy netals, copper-based materials or noble netals.
5. A nethod according to any of clains 1 to 4, wherein the sinter process is
carried out in a furnace and conprisegq3the foll owi ng steps: A heating the
furnace containing the assenbled first and second inorganic noldings (1, 2)
fromroom te”pﬁéﬁfd%&eva‘h%sﬁwédﬂo% pA®, dportsSpRALALLY, RofehbIAFhRE cd MeHQE at a
rate of from2 to I0 KKmn, B) maintaining the first hold tenpérature, O
heati ng the fueqapwmeniptwlseqond theotad. t enperature of from 1000 to 1400C at a
rate of from2 to 10 K/mn, D) naintaining the second hold tenperature and
E) cooling the furnace at a rate of from2 to 20 K mn. 6. A nethod
according to one of clains Ito 5, wherein the lubricant is boron nitride,

nmol ybdenum sul fi de or nol ydenum di sul phide. 7. A nethod according to any of
claims 1 to 6, wherein a polyner filmis inserted, before the sinter
process is carried out, between certain surfaces (6,7) to be sintered
together. 8. A nethod according to claim7, wherein the polyner film
contains a polymer from the group consisting of polyethylene, polypropyl ene
or polyvinyl chloride. 9. The use of a nethod according to any of clains 1
to 8 for producing gear parts, gear wheels, jewelry, |evers, nozzles,
covers, punp parts, electric notor parts, ball - 13 bearings, valves,
weapons parts, sports apparatuses, househol d appliances, nedical equipnent,
tools or parts thereof.



