1 Bondi ng i norgani c nol di ngs 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 nethod

~for bonding at |east one first inorganic nolding produced from powder

I njection nolding materials by injection nolding to at |east one second

I norgani ¢ nol di ng produced by a net hodl ot her t han I njection nolding, and
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removing the binders from these moldings (brown compacts) and then sintering the

15  moldings. Such a method is described, for example, in DE 4000 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 moidings 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 requiremehts 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 prbduct from the Catamold® product
range of BASF AG, Ludwigshafen, Germany, is used as the injection molding



" containing powder injection nolding materials, b) renoving binder fromthe
first inorganic nolding (1) and 25 ¢) carrying out a sinter process wth
the first and second inorganic noldings (1, 2) which have been fitted
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before step c). In step a), a first T ganic nolding is first produced
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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 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 c) 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
inparts to the nolding sufficient strength for the further processing.
This proportion is expelled during the subsequent sinter process. The
first inorganic nolding fromwhich binder has been renoved is referred to
as a brown conpact. 10 In step c) of %th® novel nethod, a sinter process is
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i norgani c non-injection nD ings in large quantities. he present
i nvention, the first inorganic nolding and the second |norgan|c

15 ii) from 135 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 carbonyl 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-A0710516, 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 pm, 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 compone-nt C may be selected from known
dispersants. Examples are oligomeric polyethylene oxide having an average



- 35 nol ding can be assenbl ed before step b) of the novel nethod or before
step ¢c) of the novel nethod. If the noldings are assenbl ed before step b),
t hey pass through the binder renoval step b) together. The novel nethod
steps b) and c) are carried -5- out in two different furnaces (binder
renoval furnace and sinter furnace) or in succession in a single furnace.
The assenbly of the noldings before sT@p b) has the advantage that the
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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 temperature, preferably for a period of from 0.5
25 to 3 hours,

C) 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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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 disulfide.

In a preferred embodiment of the present invention, a polymer film is inserted,
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



from4 to 6, Kfmn, B) maintaining the first hold tenperature, preferably
for a period of fromO0.5 25 to 3 hours, C heating the furnace to a second
hol d tenperature of from 1000 to 1400C, preferably from 1200 to 1300C, at
arate of from2 to 10, preferably from4 to 6, K/mn, 30 D) maintaining
the second hold tenperature, preferably for a period of from2 to 12
hours, and E) cooling the furnace at @fate of from2 to 20 Kmn. 35 This

si nter progebsndrsfilpar tli puifembly ewitiiablaepdlomepdisderthd pragt tomismmkdbing

Cinter pr ofebemate (bl BERb M bene BRPY St M g 00k e o o be

sintered. In the abovenentioned tenperature program the fact that a small
proportion gk ﬂr&%thﬁEm@drpﬂﬁfbehﬁoétrﬁa{es 0SB o Eletln)%clf Litoa! (3P AAN C

nol ding after the binder renoval in step b) is taken 1 nto account. By

mai nt aihi n@redEtion Pk gear prUs ieeApRherly iV, e, Byzzlesonpices, puBiptiags.al
deconposi t iRt nidiors piuds i iR bedtnpd e halvak eeoRE Partd NSpdFRX hipamtSieRt er
tenperature[:]gto b{e re?.ched %ﬁco d "hol d temferature in'ste depends on
the rmmateriQrseypld pppliapces, mepigal AAIRMERN 09l BF gamts themnlgThey userpE the nt er
process pr ebe¢lahdtiiod akrewdleaawt litited & thegasduRtionl 0H&id wotkpeRds pr essure. 10
The inert gas atnosphere or the reduced pressure are necessary in order to

prevent undesired chem cal reactions during the sintering. Wen choosing
t he atHbspH¥awing al | reactions possible between the gas, the sinter
material and the furnace should be taken into account. Possible inert

gases are hlydr_ogen_, argon or nitrogen or a mxture thereof.
he invention is explained in more detail below with reference to the drawing.

Figure 1  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, Z 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 assenbled first'
and second i norganic noldings before step ¢c). The lubricant serves for
ensuring the shrinkage of the first inorganic nolding during the sinter
process w thout hindrance and without an intimte bond 20 between the
shaped articles, which is undesired iTtertain areas. The lubricant is

therefore angt fied nkediapq it BSr&IMEShpRt BBt Khich OfRlep HASRER r&R&Iddong of the
shaped articles which are in contact after their asse whi ch are

ly Qu
not to be BBFIIOFSS ©RePSCATER Y, apthe PEEREFP AflehgssRAtbEh L]:ﬁ‘? %8 sections
the first mddigganl,@.nolding slides as a result of the shrinkage during
sintering. A necessary property of the 25 lubricant is therefore its
sliding action at the maxi mumsintering tenperature (second hold
t enper &t ur &) lubFcaftgdnoieshowmdris preficrabliy applite tnthwed comtdiodrfaces Hof both nitri de,
nol ybdenu i d St f calnsa. pre e i ment of
t he pr ese%ﬁﬁﬁ@eﬁﬁlﬁ?@%‘g’l @Ee%%ﬁ%ﬂésﬂslﬁgéesr%@d% l%%gg B ggﬁ%e{orgi nt er
process i s thesiRteBAE.out, between certain surfaces to be sintered together.
The polynmer filmmay performvarious functions. It nmay ensure a better
bond between the first inorgani¢ nolding and the second inorganic nolding
since it Ha®oymesfdm Fﬁé}tt#’g nhéi Relarpin Rlaced iy p surpes e the geedper at ur e
and  clnseaqusiding \beflirs eagittedfiy asthBsdonseqabAtbe prefait bewveeh fidoseBhANRgE duri ng
the sinter 3$,Prgqﬁs§w Furfherg?re 1t g%%.rqlea e, carbon. which . diffuses
into the s@Pfac& B WRoPRIAMSS g8 1. ERFEHECly TG et BoRRed B e and
t hus perm tssatering eri ng closer to the nelting point. The polynmer film may
be selected fromall known suitable -8- polyner filns. It preferably
contains a polymer fromthe group consisting of polyethylene (PE)
pol ypr opy| dHest{appy iihof Sigusey] shewscthesnoldings py/2)bondeibagspetingito thewnswel on
furthersmor endtRbAhREr the sifie proges@thad BEerOMRED BBE MSldine 1 hiebeen d@UCt i on of

ear parts,. gear. wheels, jewelry, levers, nozzles, covers, pu arts,
g P dufing sintering on thJc cylmdrycal section 3'of the second molding 2 anEl hrzzsp bgen

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 Drawing The invention is explained in
nore detail below with reference to tgﬁ drawing. Figure 1 schematically
shows the sequence of the novel nethdéd“in its preferred 15 enbodi nent.
Figure 1 shows, in illustration i, a section through two nol di ngs which are
to be f'rEL¥oPQE§%ﬂx &9 5Sanother with the aid of the novel nethod. 20
The first iI'norganic 1 is an annul ar workpi ece which is present as a

green conpact in |IIustrat|on i, I.e. was produced by nmeans of injection
mol ding frem a pROVWHE cahidiSSkin@n ol ding material, or which is present as a
br own conpact, F . a§ eg ly had the binder rennved fromit. The powder

i nj ectidon ﬁnldlﬁ&xWQﬂ@WB@NCHE&nglsed for exanple, injection-noldable
granul es far theyph@eté®onof sintered 25 shaped articles froma

| ow al | oy, case hardenqble steel of the type 8620. The second inorganic
shaped artfcle S¥MMEY M8 i e a forged part of high-alloy steel. It has
a cylindrical seoamdtQirisbese radius is snaller than the radius of the

first inorganic rtlcl 1..30 In strati i of figure 1, the
two nol di ngs 1 anga% 5%88 me?%%‘@%:héc& lf)n Joﬁ}?ﬂ&yﬁm‘?‘i‘rﬁst nmol di ng 1
surroulfids f’he C)Sllffﬁ@h’ﬂ)fdh¢ fise otalding $/hixth is ebseomddynsitelimg 2, the symetry
lines 4 of gt he typg |ngs 1, 2 coinciding. If the first nDIding lis a
green conpact mhlc st|II contains binder, the binder renoval is carried-
out 35 according to the novel nethod in the assenbled state of the two
moldings 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
bi nder has been renoved, the



sinter process can be carried out as the next step after assenbly of the
two noldings 1, 2. 5 A lubricant (not shown) is preferably applied to

t hose contact surfaces 5 of both shaped articles on which the first
nolding 1 slides during its shrinkage owwng to the sintering. A polyner
film(not shown) is preferably placed&ﬂn a surface 6 of the second 10

nol ding before the sintering and is corisequently present between those
surfaces 6 and 7 of the two noldings 2 and 1, respectively, which are to be
joined by sintering. Illustration iii of figure 1 shows the noldings 1, 2
bonded according to the novel 15 nethod after the sinter process has been
carried ouWe aimii ng 1 has been shrunk during sintering on the cylindrical
section 3 of the second nmolding 2 and has been sintered together with this
on the surfaces 6, 7. The workpi ece 8 produced in this nmanner is, for
exanpl e, algear Ap@ethod fapparmepensly hostlingeat deashomeefiest énorginicmolding gle)nl c

nol di ng 52590OnﬁrddB@écQﬁ&thdWefjhﬁ&tr%%élﬁﬁlr'&ﬁ&nzﬁ?ﬁ? ﬂ@ctf’o'ﬁymh{ Yiol | N€S
5Cont act surfaces 6Surface 8 t he sec ch s e 10| ned by

sintering 107Suffka¥ ogf sgqom f‘i“?‘gi‘mﬁm‘g‘i‘lﬁé %omreﬁuqeg by & Bethpd ptheg tiap

sintering 8Wr kpijeti®n-mdding)éoreprising thé mefhdtbdidprd for permanently bonding at
| east one first inorganic nolding (1)

a) injection molding the first inorganic molding (1) from binder-
10 containing powder injection molding materials,

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

¢) carrying out a sinter process with the first and second inorganic
15 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).

20 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),
25
i1) from 15 to 60% by volume of at least one binder B and
iii) from 0 to 5% by volume of at least one dispersant C,
30 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
thereof.



5 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 nmethod steps: a) injection nolding the
first inorganic nolding (1) from binder- 10 contai ning powder injection

nmol ding materials, b) renmoving binder fromthe first inorganic nolding (1)
and c) carrying out a sinter process “W2t"h the first and second i horgani c
15 nmoldings (1, 2) which have been fitted together, the at |east one first
i norganic | di n nd the at |east. one secqgnd. i.norganic nol ding (2)
bei ng fi ttgld) togjgf’%ﬁm%gf(gfiglgst?gﬁy Bfaﬁﬂmsgﬁ?ooféﬁ?fﬂﬁﬂaa SOt A€ SECHRE hod
according to cl anengdnic wneldiign (Pheomaindeat lenjteohd anatendldirom theteemipal f or

i njection noldi : g j gani i ins ) from 40
o 859 by vol urmsonnie B ooy URHDGRlnfest Aclsh ok Hesk ihiiputy o5l §
from 15 to 60% Mloysilighemetalsaheqvy aratalerreppérhecd Batenidls orinphlefmadals0 t o 5% by
vol unme of at |east one dispersant C, 30 the sum of the conponents A B and
C being 100% by volume, 3. A nethod according to claim?2, wherein the
pownder A i 9-sel ¢t Raihgd paeprding 1 anyeigelaisms hiq 41 Whetrisythe st ocaeisl
carbonyl powder scagied diit i & figBacetan@ ceMprises tie fhllovimEithigd according to any of
clains 1 to 3, wherein the at | east one second inorganic nolding (2)
contains at | east one material fromthe group consisting of |owalloy

st eel , 1t ai nl essAkt ediesting dbé¢ fatmed ,conining i thal dsyerslsdéd farsalahdyscodd ght

netal s, heavy netals,: &QR r_?ﬁﬁﬁg el |.s . met hod
according to any of Cngl msl%lrn 0 4, @;tgfef%oglll '? %%Bst?ﬁjgé&%?g@@sgm?gmﬁ
temperature of from 300 to 700°C at a rate of from 2 to 10 K/min,

B) maintaining the first hold temperature,
15

O heating the furnace to a second hold temperature of from 1000 to
1400°C at a rate of from 2 to 10 K/min,

D) maintaining the second hold temperature and
20

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

6. A method according to any of claims 1 to 5, wherein a lubricant is applied
to at Jeast parts of the contact surfaces (5) of the assembled first and second
25 inorganic moldings (1, 2) before the sinter process is carried out.

7. A method according to claim 6, wherein the lubricant is boron nitride,
molybdenum sulfide or molydenum disulfide.

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

9. A method according to claim 8, wherein the polymer film contains a

35 polymer from the group consisting of polyethylene, polypropylene or
polyvinyl chloride.



carried out in a furnace and conprises the follow ng steps: 10 A) heating
the furnace containing the assenbled first and second inorganic noldings
(1, 2) fromroomtenperature to a first hold tenperature of from300 to
700C at a rate of from2 to 10 K/min, B) maintaining the first hold
tenperature, 15 C} heating the furnace_to a second hold tenperature of from
1000 to 1400C at a rate of from2 td 180 K/ Mn, D) maintai ning the second

hol d terrperleturﬂ“kﬂﬁde%@aﬁhetﬁ@d)h(td@ﬁdlhﬁlﬁjWﬁﬁ@lﬁnﬂéI%Q%ﬁpﬂfdu&h rgeé’r to 20
wher ei n ubri cant

Kimn. 6. A net acconﬂgﬁg qpy clalnf

is applied to Pel e PEFPs 10T ée‘@t'j ht et e§’u‘i"fvﬁ¥§e§u{”§)pﬁs Y ssenbl ed
first and secondnotds parter balhiearimgsdi vadees( yeapdns phns, eslidm Spprirtsepy 0CeSs i s
carried out. 7. | e e| | ubricant is
boron nitride, h%ugﬁ%gﬂﬂ)ﬁgﬁﬁ,ﬂb mh%qﬁ%ﬁlg%ﬁﬁ%¥g St &%% 30 8. A nethod
according to any of clainms 1 to 7, mhereln a polyner f|In1|s i nserted,
before the sinter process is carried out, between certain surfaces (6, 7)
to be sintered together. 9. A nethod according to claim8, wherein the
polymer filmcontains a 35 polynmer fromthe group consisting of

pol yet hyl ene, pol ypropyl ene or polyvinyl chloride. -13- 10. The use of a
nmet hod according to any of clains 1 to 9 for producing gear parts, gear
wheel s, jewelry, levers, nozzles, covers, punp parts, electric notor
parts, ball bearings, valves, weapons parts, sports apparatuses, household
appl i ances, nedical equipnent, tools or parts thereof.



