2 3 MAR 2006 METHOD TO FORM MULTI - MATERI AL COVPONENTS Conti nuation in part of
application nunber 091733,527 which was filed 12111/00. FIELD OF THE

| NVENTI ON The invention relates to the general field of pogﬂgr gﬁ;@bﬁurgy and
conpression nolding with particular reference to formng c IM ctures.
BACKGROUND OF THE | NVENTI ON The production of netal or ceram c conponents
usi ng powder injection nolding (PIM processes is well known. The powder is
m xed with the binder to produce a m xture that can be nolded into the
desired part. The binder nust have suitable flow properties to permt
injection into a tooling cavity and formng of the part. The nol ded part is
usually an oversized replica of the final part. It is subjected to debinding
where the binder is renoved wthout disturbing the powder orientation. After
t he binder is renoveMETHQD parFORM MUbJIdMATERIALLCOMPONEMES pr ocess t hat
results in part densification to a desired |level. The parts produced by PI M
may be conplex in geonetry. They also tend to be nade of a single materi al

For exanpl e, anQonhtifhsiontin par bbswitattammuntbem@da 387523 Walich wagfildd NRR 12006
stai nl ess steel using PIMtechnol ogy.

- FIELD OF THE INVENTION

The invention relates to the general field of powder metallurgy and compression

molding with particular reference to forming compiex structures.

BACKGROUND OF THE INVENTION

The production of metal or ceramic components using powder injection molding
(PIM) processes is well known. The powder is mixed with the binder to produce a mixture
that can be molded into the desired part. The binder must have suitable flow properties to
permit injection into a tooling cavity and forming of the part. The molded part is usually an
oversized replica of the final part. It is subjected to debinding where the binder is removed
without disturbing the powder crientation. After the binder is removed, the part is subjected -

to sintering_proces% that results in part densification to a desired level.

The ;5arts produced by PIM may be complex in geometry. They also tend to be
made of a single material. For exampie, an orthodontic bracket can be made of 316L
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There is, however, a need for objects, formed by PIM that contain nmultiple
parts, each of which is a different material whose properties differ from
those of its imediate neighbors. The prior art practiiaehas been to form
each such part separately and to then conbine themin MARN 2806ed pr oduct
using costly welding operations or nechanical fitting nethods to bond these
different parts of different materials together. The basic approach that the
present invention takes to solving this problemis schematically illustrated
in FIG. 1aand 1 b. In FIG 1 a, 11 and 12 represent two green objects
havi ng different physical properties and forned by PIM FI G 1b shows the
same two objects, after sintering, joined to forma single object. In the
prior art, the interface 13 between 11 and 12 was usually a weld (i.e. a

di fferent swirdessadtedinsimgdtiMhechrblogyr 12). Alternately, a sinple press fit
between the 11 and 12 m ght have sufficed so that the final object was not a
conti nuous body. An obvious inprovenent over welding or simlar approaches
woul d appear to have been to sinter 11 and 12 while they were in contact with

one anot her. | nTigradd, inewevérla medd foribleRa: forMas by Fa| thut turitais weniesipshgjue to a
failure of the two parts to properly bond during sintering. The present

i nvention egak bBeRhidAVYS & dMeteienadéridl Mhese PfdpeRB differ fRMEIhGSEBS Eimidtdiate

different parts made of materials having different physical properties can 2

2 3 MAR 209&@ighbors. The prior art practice has been to form each such part separately and to then
combine them in the finished product using costly weiding operations or mechanical fitting

methods to bond these different parts of different materials together.

The basic approach that the present invention takes to solving this problem is
schematicaily iilustrated in FIGs. 1a and 1b. In FIG. 1a, 11 and 12 represent two green
objects having different physical properties and formed by PIM. FIG. 1b shows the same
two objects, after sintering, joined to form a single object. In the prior ant, the interface 13
between 11 and 12 was usually a weld (i.e. a different material from either 11 or 12).
Alternately, a simple press fit between the 11 and 12 might have sufficed so that the finat

object was not a continuous body.

An cbvious improvement over welding or similar approaches would appear to have
been to sinter 11 and 12 while they were in contact with one another. In practice, such an
approach has usually not succeeded due to a failure of the two parts to properly bond
during sintérjng. ;rhe present invention teaches how problems of this sort can be

overcome so that different parts made of materials having different physical properties can



be integrated to forma single continuous body. A routine search of the prior
art was perforned with the following reference of interest being found: In

"Conposite parts by powder injection nolding", Advances ig WZﬂ met al | ur gy
and particulate materials, vol. 5, pp 19-171 to 19-178, 1 936 Qﬁa Pest et

al . discuss the problens of sintering together parts that conprise nore than
one material. They show that control of shrinkage during sintering is

i nportant but other factors (to be discussed bel ow) are not nentioned.
SUMMARY OF THE I NVENTION It has been an object of the present invention to
provide a process for the formation of a continuous body having nultiple
parts, each with different physical properties and/or different functional
properties, there being no connecting material (such as sol der or glue)

bet ween anyedfitetdatediarftren a Singte aintingdusitiodg. been achi eved by usi ng powder
injection nolding together with careful control of the relative
shrinkage'rates of the various parts. Additionally, for the case where it is
t he physical properties that differ between parts, care is taken to ensure 2

3 MAR 2006 t hat AQBLiheC§ddrén Bf 1l gHok @Rt WAY Sérfctined WAPSthE fSifowaR® ratdréntRchft 0

differ between the parts while others may be altered through relatively

smal | changgardsh beltg BORPAR! “Cotipolite bBRs bl PRUAREP HicttibA §hbiding”, Advances in
powder metallurgy and particulate materials, vol. 5, pp 19-171 to 18-178, 1996, Andrea
Pest et al, discuss the probiems of sintering together parts that comprise more than one

material. They show that control of shrinkage during sintering is important but other

factors {to be discussed below) are not mentioned.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide a process for the formation
of a continuous body having multiple parts, each with different physical properties and/or
different functional properties, there being no connecting material (such as solder or glue)

between any of the parts.

This object have been achieved by using powder injection molding together with
careful coni(ol of the relative shrinkage rates of the various parts. Addiﬁonally, for the

case vhere it is the physicai properties that differ between parts, care is taken to ensure



Anot her obj ect has been to provide a process for formng, in a single
integrated operation, an object that is contained within an enclosure while
not being attached to said enclosure. This object has beenZa:MAR@pgby neans
of powder injection nolding wherein the shrinkage rate of the object is
caused to be substantially greater than that of the enclosure. As a result,
after sintering, the object is found to have detached itself fromthe
encl osure, being free to nove around therein. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIGs. 1 a and Ib illustrate two contiguous parts, made of different
materials, before and after sintering respectively. FIGs.2a and 2b show steps
in the process of the present invention, 4 2 3 MAR 2006 FIG 3 is an
isonetric view of the object seen in cross-sectionin FIG 2b. FIG 4 is a
pl an vi ew dfiatgnlycsitaioselettad physical propertiphareslliowad thdiffentriween the pants vebilrar d
magnet, and one a soft magnet. FIG 5 is a cross-section taken through the
cent er of [ethars 4may-bEsalteéded dh@ugh |raktively esnwdllepisarigest ihethpr apmssitioh dfhiesecond
enbodi ment wherein an object is formed inside an encl osure.

feedstocks used. '

Another object has been to provide a process for forming, in a singie integrated
operation, an object that is contained within an enclosure while not being attached to said

enclosure.

This object has been achieved by means of powder injection molding wherein the
shrinkage rate of the object is caused to be substantially greater than that of the enclosure.
As a result, after sintering, the object is found to have detached itself from the enciosure,

being free to move around therein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1a and 1b illustrate two contiguous parts, made of different materials, before

and after sintering, respectively.

FiGs. 2a and 2b show steps in the procesé of the present invention.



FIG 9 shows a cutting tool forned through application of the present
invention. FI'G 10 shows a wire die forned through application of the
present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTSZ2ThiMAR 20Gpt i on
descri bes a novel nethod of manufacturing nulti-material conponents using
powder injection nolding processes. Injection nolding of differ- ent-materi al
articles is an economcally attractive nethod for manufacturing finished
articles of conmercial values due to its high production capacity and net
shape capability. 5 2 3 MAR 2006 As is well known to those skilled in the
art, the basic procedure for formng sintered articles is to first provide
the required material in powdered form This powder is then mxed with

| ubricants and binders to forma feedstock. Essentially any organic materi al
whi ch will decofifoSds andsamedlieviawad theconiest seen Bcross-sastion InebNa. g an undesi r ed
residue that will be detrinental to the properties of the nmetal articles,
can be used. Preferred materials are various organic polyners such as
stearic acids, mcropulvar wax, paraffin wax and pol yethyl ene. Stearic acid
serves as a | ubFiGahis axblah eviesd bf arhebjedthieat hasttieree glasts nene ndremageeticasndander s.
The anmount and nature of the binder/lubricant that is added to the powder

wi || det er mMarembieetvarCorss & gofofnaghet, f eedst ock and t he amobunt of shrinkage
that will occur during sintering.

FI1G. 5 is a cross-section taken through the center of FIG. 4.

FIGs. 6 to 8 illustrate steps in the process of the second embodiment wherein an

object is formed inside an enclosure.

FIG. 9 shows a cutting tool formed through application of the present invention.

FIG. 10 shows a wire die formed through application of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention describes a novel method of manufacturing multi-material
components using powder injection molding processes. Injection molding of differ-
ent-materiai‘articles is an economically attractive method for manufacturing finished

articles of commercial values due to its high production capaci'ty and net shape capability.



Once the feedstock has been prepared, it is injected into a suitable nold.
The resulting 'green' object is then ejected fromthe nold. It has

sufficient nechanical strength to retain its shape during %gdhg qﬂﬁlle t he
bi nder is renoved by heating or through use of a solvent. é

"skeleton' is then placed in a sintering furnace and, typically, heated at a
t enper at ure between about 1,200 and 1,350 C for between about 30 and 180

m nutes in hydrogen or vacuum As already noted, attenpts to formsingle
objects containing parts nade of different materials have usually been
limted to'formng the parts separately and joining them together later.

Thi s has been because green parts nmade of different materials could not 6 2 3
MAR 2006 be relied upon to always bond properly during the sintering process.
The present i nvaaisiwell knews teihosestilleddn thaed, the besin @raneduredosiormiagisinierednes
about because (i) the shrinkage of the parts differs one fromthe other by
nor e than artmes isdalfirst mnavide therrdqyirad) materialain rpoplaeesdcfarm.p Toserawdes idineher
between the parts. By the sanme token, certain other physical properties my
be quite driiket witti lUbeitameand bmdp@rtd sormi 4 feeldstotk. e Essemtialle bhyeotgaoie nhaterdbl ng.
Physi cal properties that need to be the sane or simlar if good bonding is to
occur i nchuritth Wil dbcaipdse Qhdériedvaed témperaneéd withat leavingtarauntebirekaitaeon and

melting point, while
that will be detrlmental to the properties of the metal articles, can be used. Preferred
materials are various organic polymers such as stearic acids, micropulvar wax, paraffin
wax and polyethylene. Stearic acid serves as a lubricant while all the other materials may
be used as binders. The amount and nature of the binder/lubricant that is added to the

powder will determine the viscosity of the feedstock and the amount of shrinkage that will

occur during sintering.

Once the feedstock has been prepared, it is injected into a suitable mold. The
resulting ‘green’ object is then ejected from the mold. It has sufficient mechanical strength
to retain its shape during handling while the binder is removed by heating or through use
of a solvent. The resulting 'skeleton’ is then placed in a siﬁtering furnace and, typically,
heated at a temperature between about 1,200 and 1,350 °C for between about 30 and 180

minutes in hydrogen or vacuum.

As already noted, attempts to form single objects containing parts made of different
materials Ha_ve usually been limited to "forming the parts separately and joining them

together later. This has been because green parts made of different materials could not



properties that may differ wi thout affecting bonding include (but are not
limted to) electrical conductivity, magnetic coercivity, dielectric
constant, thermal conductivity, Young's nodulus, hardness, and reflectivity.
In cases that are well suited to the practice of the presentzsp %;2@% it
will not be necessary for the conposition of two powders to ap@ from
anot her by very much. Typically, the two m xtures would differ in chem cal
conposition by |less than about 25 percent of all ingredients. Additionally,
it is inportant that the powders that were used to formthe feedstocks 7 2 3
MAR 2006 of the two parts share simlar characteristics such as particle
shape, texture, and size distribution. The tap densities of the two powders
shoul d not differ by nore than about 30 %while the nean particle size for
bot h powdePe redigd 1PaN feaiways Rand Riagery AuriHiRe SNRNARTOCeRScr ons. As an exanpl e,
if one part needs to be soft material (say |low carbon iron), and another

part is to be a hard material such as high carbon iron, then alloying the |ow

carbon iron with specific amunt of carbon will enhance hardenability and
meet the requi rereptesentinygnjiondeadhen that dailure to Benddduring, siieting germeeakpubr e
still simlar and have simlar shrinkage rates. This will give rise to good

bondi ng beberauset(f)dhe skrinkage of thespantsi difterh @ne frgmdihe fathes ity more than a critical

amount and (i) certain physical properties differ between the parts.

By the same token, certain other physical properties may be quite different between

the parts with little or no effect on bonding.

Physicai properties that need to be the same or similar if good bonding is to occur
include (but are not limited to) coefficient of thermal expansion and melting point, while
properties that may differ without affecting bonding inciude (but are ndt limited to) electrical
conductivity, magnetic coercivity, dielectric constant, thermal conductivity, Young's

modulus, hardness, and reflectivity.

In cases that are well suited to the practice of the present invention it will not be
necessary for the composition of two powders to vary one from another by very much.
Typically, the two mixtures would differ in chemical composition by less than about 25

percent of dll ingredients.

Additionally, it is important that the powders that were used to form the feedstocks



properties. Simlarly, if one material is |low carbon iron and another is
stainless steel, then blending the master alloy of the stainless steel with
an appropriate' anount of iron powder to formthe required stainless steel
conposition can bring the overall powder characteris- tics cI20$eMAR Q0ggch
ot her. For exanple, if two materials are 316L Stainless Steel and | ow carbon
iron. Then the approach is to blend one third of master alloy of 316L with
two-third of |ow carbon iron to formthe actual 316L conposition. Note that
nol ding of a two-materiar article can be achieved in one tooling of one or
several cavities in a single barrel machine of one material first. The nol ded
article is 8 2 3 MAR 2006 transferred to another tooling in another single
barrel machi ne of another material to form the desired article though a
manual pi cK-tBAdwDIPaRe sberwilarheradtsristisy Adgchaas BHYEIR ShaPen textuffe aRgISiieng
process can also be carried out on a twin-barrel injection nmachine to nold a
conpl et e agistribytionwl he tapgensitiesefite womdomiers shodidmgt diffebley mege than abaiddi nent We
will illustrate this enbodi ment through reference to FIGs. 2a and 2b, but it
shoul d be %rwisleshe owanipattictehsizgpfon ethspaweers stwulti Beindbe rangei ai@bpetidie® of t he
shape, form size, etc. of the structure that is forned.

microns.

As an example, if one part needs to be scft material (say low carbon iron), and

' ano.ther part is to be a hard material such as high carbon iron, then alloying the low carbon
iron with specific amount of carbon will enhance hardenability and meet the requirement
of high carbon iron. In so deing, both powders are still similar and have similar shrinkage
rates. This will ine rise to good bonding between the two materials while having different

properties.

Similarly, if one material is low carbon iron and another is stainless steel, then
blending the master alloy of the stainless steel with an appropriate’amount of iron powder
to form the required stainless steel composition can bring the overall pdwder characteris-
tics closer to each other.’For example, if two materials are 316L Stainiess Steel and low
carbon iron. Then the approach is to blend one third of master alloy of 316L with two-third
of low carbon iron to form the actual 316L composition.

Note ihat moliding of a two-materiar article can be achieved in one tooling of one or

several cavities in a single barrel machine of one material first. The moided article is



- The first step is the preparation of a first feedstock. This is acconplished
by adding lubricants and binders (as discussed earlier) to a mixture of
powders. The latter consist, by weight, of about 0.05 percent carbon, about
15 percent chrom um about 0.5 percent nanganese, about Q35pm§rmﬂmt silicon,
about 0.3 percent niobium about 4 percent nickel, and about 80 percent

iron. Using a suitable nold, this first feedstock is conpression nolded to
formfirst green part 21, as shown in FIG 2a. This happens to have a
cylindrical shape with 22 representing the hollow center. Then, a second
feedstock is formed by adding |ubricants and binders to a mxture 2 3 MAR
2006 of powders consisting, by weight, of about 0.05 percent carbon, about 15
percent chromum about 0.5 percent manganese, about 0.5 percent silicon,
about 0.3 penderad tognaheiaplingivancther siegle batrelmagtine of angtheh Bigterzbtofeme ent
iron. It is inportant that the [lubricants and binders are present in

concent r at therdesirgg @rtisiesiioegh Bamanugt pick-and-ptace iopgration @ byl uping Bgabetic aim: he
anounts the two feedstocks shrink is |less than about 1% of total shrinkage
exper i encedihéynolgingrrocass ean 6o becarriegroait oh attwink-bdreal giedtioe magbinede dwidba ks have
t he sane conposition except that 10% of iron has been replaced by an

addi t i onal cdropletd anticie keth. twdmatenias atthined singledddlingchange i n chem cal
conposition | eaves the key physical properties associated with successful

si ntering unchanged but introduces a significant change in the magnetic

1* embodiment

We will itlustrate this embodiment through reference to FIGs. 2a and 2b, but it
should be understood that the process that we disclose is independent of the shape, form,

size, etc. of the structure that is formed.

The first step is the preparation of a first feedstock. This is accomplished by adding
lubricants and binders (as discussed earlier) to a mixture of powders. The latter consist,
by weight, of about 0.05 percent carbon, about 15 percent chromium, about 0.5 percent
manganese, about 0.5 percent silicon, about 0.3 percent niobium, about 4 percent nickel,
and about 80 percent iron. Using a suitable mold, this first feedstock is compression
molded to form first green part 21, as shown in FIG. 2a. This happens to have a cylindrical

shape with 22 representing the hollow center.

Then, a second feedstock is formed by adding lubricants and binders to a mixture



properties. Next, first green part 21 is transferred to a second nold into
which is then injected a sufficient quantity of the second feedstock to
conplete the structure shown in FIG 2b through the placenent of 23 around
ring 21. Once the final 'conpound' green object has been forned, all

| ubri cants/binders are renoved, in ways discussed earli erz 3r@§g @hﬁg in a
powder skel eton which can then be sintered so that it becomnme ti nuous
body having both magnetic and non-magnetic parts. Because of the
conpositions of the originals powlers fromwhich the two 10 2 3 MAR 2006
feedst ocks were forned, part 21 of FIG 2b that derived fromthe first
feedstock is magnetic while part 23 that derived fromthe second feedstock
is not. In this particul ar exanpl e the magnetic part has a maxi mum

perneabi l it bet ween about 800 500. In we_ show an
Dot ri ¢ o BAVETe: Rossachy JEaht o abet G5 ersert ﬁerbmd i DPkn 1S PSR 33
which is free to nove back and forth through hole 22. rod 33_is magnetic,
its positFyRMEnaghert GHPHEER PINGEHERY qp@“&@rﬁt%ﬁ"@&‘“ﬁ?ﬂ rﬁ?&H%O SFPEEEEMppl i ed
magnetic field generated by an external coil (not shown). Since part 21 is
of a magnePioPiymtanouhi4 Het'CGWF nickela@nd 2bout €3 PErceRt ireln #eh iMBPTAN tlpqq,tge appl i ed
field. Rod 33 could be fornmed separately or it could be fornmed in situ as
part of anldr¢ys andBingens @raptasentip cprerrraions BahensurRthdh @fistisintering, the

difference in the amounts the two feedstocks shrink is less than about 1% of total

shrinkage experienced by either one.

We note here that although the two feedstocks have the same composition except
that 10% of iron has been replaced by an additional 10% of nickel. This relatively small
change in chémical composition leaves the key physical properties associated with
successful sintering unchanged but introduces a significant change in the magnetic

properties.

Next, first green part 21 is transferred to a second moid inte which is then injected
a sufficient quantity of the second feedstock to complete the structure shown in FIG. 2b

through the placement of 23 around ring 21.

Once the final ‘compound’ green object has been formed, all lubricants/binders are
removed, in ways-discussed earlier, resulting in a powder skeleton which can then be
sintered so't_hat it becomes a continuous body héving both magnetic and non-magnetic

parts. Because of the compositions of the originals poWders from which the two

10



to be described | ater under the second enbodinent. As already inplied, the
formati on of a continuous body having multiple parts, each wth different
properties, need not be limted to two such parts. In FIG 4 We showa pI an
view of an object having three parts, each with different [ 8pg

parts are concentric rings. At the center of the structure |s ope |§19

that is surrounded by inner ring 43. Ring 43 is non-nagnetic. It is
surrounded by ring 41 that is a soft magnet. Its inner portion has the sane
thi ckness as ring 43. Ring 41 also has an outer portion that is thicker than
ring 43, causing it to have an inside sidewall 52 which can be seen in the
cross-sectional view shown in FIG 5. Aligned with, and touching, this
sidewal |l is internediate rlrég which is a hard magnet. In this context,

the term siepestoqgware fosned.Pafigt é’f Rtz 3P that deruedigmithe Sr3t oaAstodHs maansle
coercivity with high magnetic saturation while the termhard magnet refers to
a mat eri al whitgpang3a that geriveddiogy toe sgcong faedsiopiisingt. eindbisparticular examaledhg 5 j s
made by fitting hard magnet 42 (made separately) into the integral part
after 41 amaguRiicharchascemakipumerrrmeRbilitydegurx) Pewegadioagt BAY andit 6.
magnetically hard material to a structure that is simlar to that seen in
FIG 3 is to be able to provide a permanent bias for the applied external
magnetic field. 2nd enbodi nent
In FIG. 3 we show an isometric view of the object seen in FIG. 2b with the addition

of rod 33 which is free to move back and forth through hole 22. If rod 33 is magnetic, its

position relative to hole 22 could be controlled by means of an applied magnetic field

generated by an external coil (not shown). Since part 21 is of a magnetic material, it will

act as a core for concentrating this applied field. Rod 33 could be formed separately or

it could be formed in situ as part of an integrated manufacturing process, using the method

to be described later under the second embodiment.

As already implied, the formation of a continuous body having multiple parts, each
with different properties, need not be limited to two such parts. In FIG. 4 we show a plan
view of an object having three parts, each with different properties. All parts are concentric
rings. At the center of the structure is opening 44 that is surrounded by inner ring 43.
Ring 43 is non-magnetic. It is surrounded by ring 41 that is a soft magnet. Its inner portion
has the same thickness as ring 43. Ring 41 also has an outer portion that is thicker than
ring 43, causing it to have an inside sidewall 52 which can be seen in the cross-sectional
view shown in FIG..‘S‘ Aligned with, and touching, this sidewall is intermediate ring 42

which is a hard magnet. |n this context, the term soft magnét refers to a material having

11



In this enbodi mrent we disclose a process for formng, in a single integrated
operation, one object that is enclosed by another with the inner object not
being attached to the outer object. As for the first enbodi nent, the process
is illustrated through an exanple but it will be understQ@jMp{Ragqqﬁt IS
applicable to any shaped object inside any shaped enclosure. I'n G 6
show, in schematic representation, an object that has been forned through
PIM As part of the process for its formation, the quantity and quality of
the bindersilubricants were chosen so that, after sintering, the green form
of 61 would shrink by a relatively |large amount (typically between about 20
and 50% . 12 2 3 MAR 2006 Referring nowto FIG 7 we show encl osure 71 that
has been formed by fully surroundi ngt 61 with material froma second
f eedst ock & W RREEHYitYWiBhigh MAsPELGaRRtdrajien avhile HBe ée{msiarp HBRgNeL £4fe5S Qitht er i ng,
the green formof 71 would shrink by a relatively small anmount (typically
bet ween abBateriabhaying 20ah copEydydl ess of the absol ute shrinkages associ ated
with parts 61 and 71, it is a key requirenment of the process that the
difference between the two shrinkage rates be at least 10 % After the
removal of all lubricants and binders fromthe object seen in FIG 7, the
resul ti ng powderhesiteacturersepn iniFleer4and Saiswrade bibhating hapdmagnet 42 gBadeC f or
bet ween :

separately) into the integral part after 41 and 43 have been formed. The reason for adding

a ring of magnetically hard material to a structure that is similar to that seen in FIG. 3 is

to be able to provide a permanent bias for the applied external magnetic field.

In this embodiment we disclose a process for forming, in a single integrated
operation, one object that is enclosed by another with the inner objeﬁt not being attached
to the outer object. As for the first embodiment, the process is illustrated through an
example but it will be understood that it is applicable to any shaped object inside any

shaped enclosure.

In FiG. 6 we show, in schematic representation, an object that has been formed
through PIM. As part of the process for its formation, the gquantity and quality of the
binders/iubricants were chosen so that, after sintering, the green form of 61 would shrink

by a relativély large amount (typically between about 20 and 50%).

12



about 30 and 180 m nutes in vacuumor in hydrogen for ferrous alloy steels.
Because of the larger shrinkage rate of 61 relative to 71, the structure
after sintering has the appearance shown in FIG 8 where part 81 (originally
61) is seen to have becone detached from 71 enabling it to e freely
inside interior space 82. An exanple of a structure of thigqf¥M@ ¢806an

el ectrostatic notor (unfinished at this stage) in which 71 will ultimtely
serve as the stator and 81 as the rotor. In the prior art, such structures
had to be nade using a sacrificial layer to effect the detachnent of 81 from
71. FUNCTI ONAL PROPERTIES In the foregoing discussion we were concerned with
conbining, in a single 13 2 3 MAR 2006 conti nuous structure, two or nore
parts that had different physical properties. The same rinciples that are
Paught t ner o mPTaTE8 e Bobit-oh MeLHER: FRAGRER MduRntRs RESDITBR SV s ¢ hat

differ in their functional properties. By functional properties we nean
proper t i esSYIFRNAIng & with matenia) tpm aeiesprdfeeaptopls (ag WG RIDIRsHHbriGARIP Wers s

derive from physical and chem cal properties, . they are often a subtle
bl end of t #Oea:Iethah fitet pistesnpbeidfeen e of 41 eaddd shidnk bhameiiivaly §Baknd on
the application for which they are intended. Thus, iven el ectrical

a .
resi St1vi { SR (XPicalN DPNEeBCADOBt KR and #DYihe Rearisless of Thssensohie Shitkaogs
resistor and high when the application is for a conductor. Functional
propert i esasfosiatasyittpans & @ﬂgga, it 9 a key requirement of the process that the difference

between the two shrinkage rates be at least 10 %.

After the removal of all lubricants and binders from the object seen in FIG. 7, the
resuiting powder skeieton is sintered (between about 1,200 and 1,380 °C for between
about 30 and 160 minutes in vacuum or in hydrogen for ferrous alloy steels. Because of
the larger shrinkage rate of 61 relative to 71, the structure after sintering has the
appearance shown in FIG. 8 where part 81 (originally 61) is seen to have become
detached from 71 enabling it to move freely inside interior space 82. An example of a
structure of this type is an electrostatic motor (unfinished at this stage) in which 71 will
ultimately serve as the stator and 81 as the rotor. in the prior ar, such structures had to

be made using a sacrificial layer to effect the detachment of 81 from 71.

FUNCTIONAL PROPERTIES

In the foregoing discussion we were concerned with combining, in a single
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define but a definition nust be provided for themto be neaningful. W [ist
bel ow, as exanples, a series of functional properties that are pertinent to
the present invention, together with their definitions. It will be realized
that this list is not conplete and other functional properties could also be
given to parts of a continuous structure w thout departi ng?ﬂrMARtZﬂgﬁspi rit
of the invention. In nost cases these definitions are precise but,
occasionally, they nmust, of necessity, be of a descriptive rather than a
guantitative nature: magnetic - ferromagnetic corrosion resistant - As
defined in the ASTMGL57-98 Standard Guide for Evaluating the Corrosion
Properties of Wought Iron and N ckel -Based Corrosion Resistant Alloys for
the Chem cal Process Industries. Exanples of naterials that have 14 2 3 MAR

2006 good corrosion resistance includ ut not limted to) Pure N ckel,
N kel - Cop FRPIRBYS SKSHEP BT TSR G RIBB3S ORBiSe: PR RIRRE8y TTRESREI | 617,
I nconel 625). Nickel-lron- Chromum (eg Incoloy DS, Incoloy 825), and
Ni ckel - basIiNgiRiSs that pEtaughb §1efg Mmanalso BE APPIe iR FIEHUEaS PRYIBS tWS OF mpTgjparts
mani fests itself as a relative densi té’ with a density 90 - 100% of the
por e- free rfadtediifein Bejr fiynciennl P@eRRIGs HBY fuNsHENa| PrRRertiasweMesD Propsdigsiiadtng
consi dered Low
are application related. Although functional properties derive from physical and chemical
propénies, - they aré cften a subtle blend of the latter and the adjective used to describe
them will depend on the application for which they are intended. Thus, a given electrical
resistivity may be considered to be low when the application is for a resistor and high
when the application is for a conductor. Functional properties are therefore harder to

define but a definition must be provided for them to be meaningful.

We list below, as examples, a series of functionai properties that are pertinent to
the present invention, together with their definitions. It will be realized that this list is not
complete and other functional properties could aiso be given to parts of a continuous
structure without departing from the spirit of the invention. In most cases these definitions
are precise but, occasionally, they must, of necessity, be of a descriptive rather than a

quantitative nature:

magnetic — ferromagnetic
corrosion resistant — As defined in the ASTMG157-98 Standard Guide for
Evaluating-ghe Corrosion Properties of Wrought Iron and Nickel-Based Corrosicn

Resistant Alloys for the Chemical Process Industries. Examples of materials that have

14



hi gh thermal conductivity - greater than about 100 Wm K high density -
greater than about 9,000 kg /m high strength - tensile greater than about
900 Moa, yield greater than about 700 MPa. |ow thernal expansion - |less than
about 12 x 10-6 K ' wear resistant - having a hardness valued2 2MAR P90 about
50 HRC high elastic nodulus - greater than 200 GPa hi gh danping capacity -
| oss of 25% or nore of stored energy per cycle good machinability - using

Al SI 1212 as a guide, steel is rated 100%with a value in excess of 50%
bei ng considered good highly fatigue resistant - able to withstand at | east
10 cycles of alternating standard and zero | oads higtf hardness - greater
than 50 HRC hi gh toughness - Based on Charpy or |zod testi ng toughness S
defined as the ener unit vol une th ﬁ@ rrateri al up
to the poi nio%H C‘P'F%Fd‘? F 'stquwnﬁ'sd%(%ﬂmh '?‘66%“%)0‘(;&51% el Mihaloeges o
greater than about I p5 _kjuules/ nB. hi g mel ti n1g7 poi nt - greater than
about 1600dwepplo+pqr§1qn§l 5t5095@#c@-cnromnum( g Inconel 617, Inconel 625) Nickel-iron-

Chromium (eg Incoloy DS, Incoloy 825), and Nickel-based superalloys (eg Nimonic 80A)

controlled porosity — this manifests itself as a relative density, with a density 90 -
100% of the pore-free material being considered High and densities of 50 - 90% being
considered Low -

high thermal conductivity — greater than about 100 Wim.K

high density — greater than about 9,000 kg/m®

high strength — tensile greater than about 900 Mpa, yield greater than about 700
MPa. '

low thermai expansion — less than about 12 x 10® K™

wear resistant — having a hardness value less than about 50 HRC

high elastic modulus — greater than 200 GPa

high damping capacity — loss of 25% or more of stored energy per cycle

good machinability — using AlSi 1212 as a guide, steel is rated 100% with a value
in excess of 50% being considered good

highly fatigue resistant — able to withstand at least 10° cycles of alternating
standard and zero joads

high hardness - greater than 50 HRC

high -tougthESS — Based on Charpy or 1zod testing, toughness is defined as the

energy per unit volume that can be absorbed by a material up to the point of fracture. High
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oxidation resistant - as for corrosion resistant above, but limted to oxygen
as the corrosive agent easy joinability - based on experience but includes
mat erials such as copper, silver, and gold. It follows fromour earlier

di scussi on of processes for form ng continuous bodies having multiple parts,
each of which has a different set of physical properties, thdt3 MARs@00§sane
processes nmaybe adapted to form ng continuous bodies having multiple parts,
each of which has a different set of functional properties. Wile in the
general case these bodies will conprise nore than two functional parts, we
take note here of a special case in which only two functionally different
parts are involved, said two different functions being particularly
difficult and/or expensive to conbine in a single contgnuous body when
processes OPYSRESH} %Psé‘r‘fa'%ﬁ%reﬁ?éa’af‘cﬂb"’t‘hél‘rlaweég’ﬂure The fol | owi ng
lists some exan‘gl es of functional pairs of th Eé}pe, it being understood

t hat other func IQB‘HB?“‘TEAP?@‘E@ER%GFBB&&E%H1§9°tcﬁ n|m%'£5%115ﬁ6 )-departi ng
fromthe spirit of the invention: magnetic-corrosion resistant, controlled
por osi t y- hi gh t REFRYAN regisignict Pﬂqrf""ﬁﬁ'@ﬂ reﬁiféﬁ@tﬁbg?vm%l'@ttﬁ%m’wgeﬂrﬂaﬁm her nal

conductivity-low thermal expansion, wear resistant-high 16 2 3 MAR 2006
corrosive agent

easy joinability — based on experience but includes materials such as copper, silver,

and gold.

It follows from our eariier discussion of processes for forming continuous bodies
having multipie parts, each of which has a different set of physical properties, that these
same processés may be adapted to forming continuous bodies having multiple parts, each
of which has a different set of functionai properties. While in the general case these
bodies will comprise more than two functional parts, we take note here of a special case
in which only two functionally different parts are invoived, said two different functions
being particularly difficuit and/or expensive to combine in a single continuous body when

processes of the prior art are used for their manufacture.

The following lists some examples of functional pairs of this type, it being
understood that other functional pairs could be added to this list without departing from the -
spirit of the invention:

magjr_metic-cbrrosion resistant, controlled borosity-high thermal conductivity, high

density-high strength, high thermal conductivity-low thermal expansion, wear resistant-high
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t oughness, controlled porosity-high strength, high elastic nodul us-high
danpi ng capacity, high strength-good nmachinability, controlled

porosity-highly fatigue resistant, magnetic- non-nagnetic, higﬁbmﬂggaaﬁf-high
t oughness, wear resistant-oxidation resistant, easy joinabil it i on
resistant, and l-ow internal stress-controlled porosity. To further illustrate
the application of the present invention to the manufacture of structures
having two parts that would ordinarily be difficult to conbine in a single
continuous structure, we now describe two additional enbodi ments of the
present invention. 3rd enbodinent In this enbodi nent we di scl ose a process
and structure for formng a cutting tool. As in the first and second

enbodi ments, the process of the third enbodi nrent begins with the provision

o o mo. 567 AMEFTIPLEL At ARG A P e
i Xt ur o O LY Spor et BRI AR Tl eﬁgﬁ%?ee%‘#s:}‘%ﬂﬁﬁgw%?@%{% s suct
and stai ni o0 agrielfioR BatnlL L RER eufes o BE Rl Blugion BBt B8 01 °

edition 19?o(l)nab:l1?ty-%orgf0%8re%?sga6nt, and low internal stress-controlled porosity.

To further illustrate the application of the present invention to the manufacture of
structures having two parts that would ordinarily be difficult to combine in a single
continuous structure, we now describe two additional embodiments of the present

invention.
3rg embodiment

In this embodiment we disciose a process and structure for forming a cutting tool.
As in the first and second embodiments, the process of the third embodiment begins with
the provision of two mixtures of powdered materials. One the these mixtures will, after
sintering, be well suited for use as a handle while the other, also after sintering, will have

excelient properties for use as a cutting edge.

The mixture that is intended to become the handie is selected from materials such
as iron, and all iron-based alioys (such as carbon steels, low-alloyed steels and stainless

steels). See, for example, Metals Handbook, Volume 1, 10th edition 1990.
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Possi ble materials for the mxture that will becone the cutting edge are all
tool steels, 'including water-hardening steels (Type W, shock-resisting
steels (Type S), cold- work steels (Type 0, A, D and H), hot-work steels
(Type H), Hi gh speed steels (Type T and M, nold steels (Typ? fmzu
tungsten carbide. Details-on the classification of tool steels y q“ﬁound
ininthe AISI (Anmerican Iron and Steel Institute) handbook. Lubricants and
bi nders are added to each m xture to form feedstocks, a key requirenent
being that the anpbunt that said feedstocks will shrink after sintering
differs one fromthe other by less than about 1 % Then, the appropriate
feedstock is conpression nolded to forma green part having the shape of a
handl e (shown schematically as 92 in FIG 9) which is then transferred to a
second nol d i nt FagRiPienmAterials; facthednixtusg, that wilbbRcome thR CuitiAg sdoe [aee all ko
feedstock for form ng an extension to the green part in the shape of a
cutting ed@@%‘s%Wﬁtnsmmqrwlmq/staglsﬂvned%ﬁalsaocmeﬂsmg teelsfypaP). 6P |
| ubricants and binders (thereby form ng a powder skeleton), the latter is
sintered, %¥erigsieeisddure Paf Pand Hlohgterertistasiie(Tyne H) ndigh seeed stgels (ByagaR 2006
4th enbodi ment In this enbodi nent we di scl ose a process and structure for
formi ng a #hd Midmeld stgelsi(hypenB) pndiungeisn sathists. Rstails onithe classifieationf tadhe
fourth enbodi nent begins with the

steels may.be found in in the AISI (American tron and Steel Institute) handbook.

Lubricants and binders are added to each mixture to form feedstocks, a key
requirement being that the amount that said feedstocks will shrink after sintering differs
one from the other by less than about 1%. Then, the appropriate feedstock is compression
moided to fcanﬁ a green part having the shape of a handie (shown schematically as 92 in
FIG. 9) which is then transferred to a second mold into which is injected a sufficient
guantity of the other feedstock for forming an extension to the green part in the shape of

a cutting edge (shown schematically as 91 in FIG. 9).

After removalt of alt lubricants and binders (thereby forming a powder skeleton), the

latter is sintered, as dis¢ussed earlier, to become the cutting tool.
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provi sion of two m xtures of powdered materials. One the these m xtures wll,

after sintering, be well suited for use as a handle and is selected fromthe

group consisting of iron, and all iron-based alloys (such as carbon steels,

| owal | oyed steels and stainless steels) while the other wijh ﬁg V\mbé suited

to serve as a die, being selected fromthe group consisting of E"I ol

steels, including water-hardening steels (Type W, shock-resisting steels

(Type S), cold-work steels (Type 0, A, D and H), hot-work steels (Type H),

High speed steels (Type T and M, nold steels (Type P), and tungsten

carbide. Also as before, lubricants and binders are added to these m xtures

to form feedstocks which, after sintering, wll shrink by anmpbunts that

differ one fromone another by less than about 1% Additionally, a third

feedstock is provided that has the kdthembpydmest that, after sintering, it

wi || sbrink an anmount that exceeds the anobunt that the first two feedstocks

shrink by at least 10 % In this case the feedstock can be made from j ust

bi nders, including waxes such as paraffin wax and thernopl astics such as

pol yet hyl ene. 19n2hiSempbtiipettoveldisclegepa pocess and straiire & forminga wiredigrAssi on

nol ded to forma green part having the shape of a handle (see 92 in FIG

10), fol |l owmthewpriegious tembediments ftbe rpeokess of tise tuntth emibddimenit egitd whih itise

injected a sufficient quantity of the third feedstock to add to the green
provision -of two mixtures of powdered materials. One the these mixtures will, after

sintering, be well suited for use as a handle and is selected from the group consisting of
iron, and all iron-based alioys (such as carbon steels, low-alloyed steels and stainless
steels) while the other will be well suited to serve as a die, being selected from the group
consisting of all tool steels, inciuding water-hardening steels (Type W), shock-resisting
steels (Type -S), cold-work steeis (Type O, A, D and H), hot-work steels {Type H), High

speed steels {Type T and M), mold steels (Type P), and tungsten carbide.

Also as before, lubricants and binders are added to these mixtures to form
feedstocks which, after sintering, will shrink by amounts that differ one from one another

by less than about 1%.

Additionally, a third feedstock is provided that has the key property that, after
sintering, it will shrink an amount that exceeds the amount that the first two feedstocks
shrink by'at least 10 %. In this case the feedstock can be made from just binders,

including waxes such as paraffin wax and thermoplastics such as polye.thylene.
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part an extension having a cylindrical pin-cushion shape (see 94 in FIG 10).
This nodified green part is then transferred to a third nmold into which is
injected a sufficient quantity of the last feedstock to surround the

pi n- cushi on shaped extension (see 93 in FIG 10).. Al [ ubgi.c hs and

bi nders are then renoved so that the green part becones a %émﬁg &1 et on
whi ch can be sintered to becone a solid continuous material. After
sintering, the residue of materials that were originally part of the third
feedstock can be renoved by nmechani cal and/or chem cal neans, resulting in
formation of the die cavity (shown schematically as 94 in FIG 10). Wile
the invention has been particularly shown and described with reference to
the preferred enbodi nents thereof, it will be understood by those skiIIed in

e o e SRRl A SRt B 85, T3 e
CLAI Ms: 1. fact d t d t
T v 68T SRR i Ao o

powdered materials, each nenber of said 9 _
meld into whlch IS injected a sufficient quantity of the third feedstock to add to the green

part an extension having a cylindrical pin-cushion shape (see 94 in FIG. 10). This
modified green part is then transferred to a third mold into which is injected a sufficient
quantity of the last feedstock to surround the pin-cushion shaped extension (see 93 in FIG.

10).

All lubricants and binders are then removed so that the green part becomes a
powder skeléton which can be sintered to become a solid continuous material. After
sintering, the residue of materials that were originally part of the third feedstock can be
removed by mechanical and/or chemical means, resulting in formation of the die cavity

(shown schematicaily as 94 in FIG. 10).

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.
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having, after sintering, a functional property that is different from any
functional property 5 possessed, after sintering, by any other nenber of the
group; (b) adding lul &icants and binders to all nenbers of said m xtures
group, thereby formng a group of feedstocks, all of whose ngrpHMAR g[mg nk,
after sintering, by amobunts that differ fromone another by |ess than about
1% (c) in a nold, conpression nolding a feedstock from-ssaid feedstock
group, to form 10 a green part; (d) transferring said green part to a

di fferent ggég%f@_gd then injecting into said different nold a quantity of a
di fferent ck, taken from said feedstock group; (e) repeating steps (c)
and (d), each tinme using a different nold and a different feedstock, until
all menbers of said feedstock group have been nol ded, thereby formn 15 a
final conmpound® giasess IReMANUTAGYrNGRMANYNG PiNterqaAMide, FPDPHSR0 Kiezeaue i om t he
final conpound green part to form a powder skeleton; and (g) sintering the
powder ské&te@s@h to form said conpound sintered article. 2. The process
described in claim1 Werein said first and second functional properties 20
are sel ected f(ROROVIHIBgRISOWP efdnistieesiof gowreredhgatefiale, each meswienaf saikgorant

control led porosity, 21 2 3 MAR 2006 o _
having, after Sintering, a functional property that is different from any functional property

5 posslessed, after sintering, by any other member of the group;
(b) adding luBbricants and binders to all members of said mixtures group, thereby
forming a group of feedstocks, all of whose members shrink, after sintering, by amounts
that differ from one another by less than about 1%;
(¢) in a mold, compression molding a feedstock from said feedstock group, to form
10 a green part; |
(d) transferring said green part to a different mold and then injecting into said
different mold a quantity of a different feedstock, taken from said feedstock group;
(e) repeating steps (¢) and (d), each time using a different mold and a different
feedstock, until all members of said feedstock group have been molded, thereby forming
15 a final compound green part;
| (f) removing all tubricants and binders from the final compound green part to form
a powder skeleton; and
(g) sintering the powder skeleton to form said compound sintered article.
2. The4process.‘ described in claim 1 wherein said first and second functional properties

20 are selected from the group consisting of magnetic, corrosion resistant, controlled porosity,
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hi gh thermal conductivity, high density, high strength, |ow thernal
expansi on, wear resistant, high elastic nodulus, high danping capacity, good
machi nability, fatigue resistance, high hardness, high toughness, high
mel ting point, oxidation resistant, easy joinability, and |py§ Mmpeﬂmy

e,

stress .
conprising: providing afrst. m xture of powdered materi al s,

havi ng,

m xtures to formfirst and

3. A process for manufacturing a conpound sintered artic

said m xture

after sintering, a first functional property; providing a second
m xture of powdered materials, said mxture having, after sintering,
functional property; adding |lubricants and binders to said first and second

a second

second feedstocks such that the anmount that said

feedstocks wi ll _shrin fter_sintering. differs one fromthe other by |ess
t han abou lg)ﬁ”tbfrmﬂﬁ?&@&*ﬁw,spg e@?'t%g?@? SYENGH. 1Y dengal pepansios: weasdst ock

to forma first

mol d and [9R&tEMt

reen part; ransferring said first green part to a second
nﬁ@gt ?’ﬁgt'q Aiogullsi §'9hs HRBAIAS rAPAcity. PRt mashindbility.efatiggend

feedst ock suffi ci e_né to forma corrﬁound green part; removing all lubricants

and bi ndefeS'$tang% hig

heEnsse oy lee

nessr DiSh cheliyiawpainty exidation rekistant, @asy and

sintering. tnggw ogg r skeleton to formsaid conpound sintered article, whereby

said firff

properties sel ected

3. A process for manufacturing a compound sintered article, comprising:
providing a first mixture of powdered materiais, said mixture having, after sintering,
a first functional property;

providing a second mixture of powdered materials, said mixture having, after

sintering, a second functi.onal p—rbperty;

adding lubricants and binders to said first and second mixtures to form first and
second feedstocks such that the amount that said feedstocks will shrink after sintering
differs one from the other by less than about 1%;

| using a first mold, compression molding the first feedstock to form a first green part;

transferring said first green part to a second mold and then injecting into said
second mold a quantity of the second feedstock sufficient to form a compound green part;

removing all lubricants and binders from the compound green part to forrn a powder
skeleton: and

sinteriné the powder skeleton tc; form said compound sintered article, whereby said
first and second functional properties constitute a pair of functional properties selected
from the group of functional property pairs consisting of magnetic-corrosion resistant,
controlled porosity-high thermal conductivity, high density-high strength, high thermal
conductivity-low thermal expansion, wear resistant-high toughness, controlied porosity-
high strength, high elastic modulus-high damping capacity, high strength-good
machinability, controlled porosity-fatigue resistant, magnetic-non-magnetic, high
hardness-high toughness, wear resistant-oxidation resistant, easy joinability-corrosion

resistant, and low_internal stress-controlled porosity .
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fromthe group of functional property pairs consisting of magnetic-corrosion
resistant, controlled porosity-high thermal conductivity, high density-high
strength, high thermal conductivity-1low thermal expansion, wear

resi stant-hi gh toughness, controlled porosity- high strength, ?ggn Blﬂmbic
nodul us- hi gh-danpi ng capacity, high strength-good nmachinability, é n 'l ed
porosity-fatigue resistant, magnetic-nan-magnetic, high hardness-high

' n N . i dati sistant. oinability. :
rest stant A BEBbs L b A B o B snor oni Ly | 22 2 3 AR 2006 - A
f ' ti I onpri sing: Ldi n first
ot are o D B P RpEvbara s, s bl B piPong,  cuitabl o
for use as a ha&?bg‘%agrg%gi ng a second m xture of powdered materials, said
i

m xture bEYIRPIE |8 ng, suitable for serving as a cutting edge:

addi ng lubricants and binders to said first and second m xtures to formfirst
and second fcRIQ¥IANG3 VFER (Rixure RE PEWERIGD MRiGrNals,s@id BRAWERKRS WAS™ shri nk

after sintering differs one fromthe other by |ess than about 1% using a
P

first nol @MEEHPpPEROIRT FYVTORS & FHBlING 999€8: f eedst ock to forma first green

part having the shape of a handl e; o _ ,
adding lubricants and binders to said first and second mixtures to form first and

secdnd feedstocks such that the amount that said feedstocks will shrink after sintering
differs one from the other by less than about 1%;
| using a first moid, compression molding the first feedstock to form a first green pant

having the shape of a handle;

transferring said first green part to a second mold and then injecting into said
second mold‘a quantity of the second feedstock having the shape of a cutting edge,
thereby forming, together with the first green part, a second green part;

removing all lubricants and binders from the second green part to form a powder
skeleton; and

sintering the powder skeleton thereby forming the cutting too!.

E. The process described in claim 4 wherein said first mixture of powdered materials
is selected from the group consisting of iron, all iron-based alloys, carbon steels, ow-

alloyed steels, and stainless steels).

6. Thé.proces's described in claim 4 wherein said second mixture of powdered

materials is selected from the group consisting of all too! sfeels, water-hardening steels
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transferring said first green part to a second nold and then injecting into
said second nold a quantity of the second feedstock having the shape of a
cutting edge, thereby form ng, together with the first gr een 20RMAR zuﬁﬁecond
green part; renoving all lubricants and binders fromthe second green part to
forma powder skeleton; and sintering the powder skeleton thereby formng
the cutting tool. 5. The process described in claim4 wherein said first
m xture of powdered nmaterials is selected fromthe group consisting of iron,
all iron-based alloys, carbon steels, low alloyed steels, and stainless
steels). 6. The process described in claim4 wherein said second m xture of
powdered nmaterials is selected fromthe group consisting of all tool steels,
wat er - har deni ng steels 23 2 3 MAR_2006 (TP/pe W, shock-resisting steels (Type
S), col d- id¥Re ¥Y)eshackeregigingstepls ("E')V%ﬁ)-lf!?, -Werk-stegls (TYPeLd1A Q W‘gé')-l-‘l)ﬂ,t' Hi gh
speed steels (Type T and M, nold steels (Type P), and tungsten carbide. 2
work steels (Type H), High speed steels (Type T and M), mold steels (Type P), and

tungsten carbide.
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