Doubl e-1 ayer Metal Sheet and Method of Fabricating the Sane Background and

Field of the Invention 5 This invention relates to a nethod for bondi ng two
metal powder conponents having different shrinkage factors using powder

“ netallurgy, nore particularly but not exclusively, for fabricating double

| ayer nmetal parts, sheets or conponents. io It is widely known that

formation or fabrication of a double |ayer nmetal conponent using powder

rocessi ng requj i i i teeli . osi tion disposed
et veen the o DeLpietaygl MR SRCt A Meffiba B el AeaufE M Sahiet s or o
is a mxture of the two material powders to be bonded to nutually
conpensate the respective shrinkage factor of each 15 material and thus
provides a _region or zone to allow a gradual change between the two
material p roupd @nds igld ofthedpeertion e sintered together. This
al l evi ates deformati on or warpage of the two |ayers during sintering.
However, the use of the internediate gradient zone creates extra process
steps 20 of preparing the internediate m xture and arranging the m xture

bet weens t hghist Woeh@te Flathy icﬂgl rpbﬁmfdaMrimfdiirfy;t\pé QREGES Ip\UWo%*ﬂ d_a?rz/}xfdéfnwef

conplicate the process. ~ 2 is an object” of the present 1 nvention to
provide a RABHALNGHERIMAhAMRLEE factors using powder metallurgy, more particularly

but not exclusively, for fabricating double layer metal parts, sheets or

components.

10 It is widely known that formation or fabrication of a double layer metal
component using powder processing requires an intermediate gradient material
composition disposed between the two layers of metal powder. The
intermediate gradient material is a mixture of the two material powders to be
bonded to mutually compensate the respective shrinkage factor of each

15 material and thus provides a region or zone to allow a gradual change between
the two material powders when the two layers are sintered together. This

alleviates deformation or warpage of the two layers during sintering.

However, the use of the intermediate gradient zone creates extra process steps
20 of preparing the intermediate mixture and arranging the mixture between the

two layers during the fabricating process which may further complicate the

process.
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- alleviates at | east one of the disadvantages of the prior art and/or

" provides the public with a useful choice. 5 Summary of the Invention In a
first aspect of the invention, there is provided a nmethod of bonding two

- metal powder conponents having different shrinkage factors, the method

conprising the steps of: 10 i. mxing ong of the powder conponents with a

powder binder to reduce the shrinkage difference between the powder

conponent s, It tidiednebpjdcordfi the BreRent efiveRIBRORE Brovide tabdndirg rméth&d Ngnigh gr een

conpact fromthe powder conponent m xture and the other netal powder

conponent, diayidiés afldlstonBbrthe d?é’ém?a%ttaqéé 50 &i&ﬁéﬁ%ﬂﬁmrﬁgoﬁeg%gfﬁg

the two powder conponents, and iv. applylng pressure on a s ace o

conpact duri hg i ing...step (iii). Other specific aspects of the
in\r/ne)nti on rrdadﬁ'ﬁtemﬁ‘o%ﬁ'g%ﬁjrllcﬂggfam 22 and 23. 20 An advantage of the

descri bed enbodi nent of the invention is that the two netal powder
conponents can be bonded wi thout an internedi ate gradient zone. The use of
an appropriate anount of pressure during the sintering process helps to
control 5t heSWRAMank e heplnVeRtor onpact and reduces or prevents

In a first aspect of the invention, there is provided a method of bonding two
metal powder components having different shrinkage factors, the method
comprising the steps of:

10 i mixing one of the powder components with a powder binder to
reduce the shrinkage difference between the powder
components, thereby forming a powder component mixture,

. forming a green compact from the powder component mixture
and the other metal powder component,

15 Iii. sintering the compact to form a permanent bond between the two
powder components, and

iv. applying pressure on a surface of the compact during the sintering

step (iii).
Other specific aspects of the invention may be found in claims 22 and 23.
20

An advantage of the described embodiment of the invention is that the two
metal powder components can be bonded without an intermediate gradient
zone. The use of an appropriate amount of pressure during the sintering
process heips to control the shrinkage of the compact and reduces or prevents

25  warpage thereof.



- 25 warpage thereof. 3 Preferably, the powder binder reduces the shrinkage
difference between the two netal powder conponents such that the shrinkage

~ factor of one netal powder conponent is substantially matched to that of

- the other netal powder conponent. 5 The other netal powder conponent may

al so be mxed with powder binder beforg the conpacting step (ii). The

powder binder for one powder conponent nay be the sanme or different from

that used P%fthﬁy,OfHéeEowebalbirﬁd@/ﬂfédu_cbﬁttﬁ&e%lﬁrﬁ%g%diﬁegelr{r?gepa%sﬁ He

powder is mxed with three to five weig er ef erably,

t he met hod,f ur [ p r ing, t.he po r binder in a
debi ndi ng %drjr{bi(g:%ﬁ &%%@th é@rﬁﬁgnér}\tﬁt %&;I’héﬁ%ﬁ}? %N '?'é?gf)?a\t?g@gﬁf O BRber

15 binder is removed in a.sintering furnace followed by the sintering step.
In one eanBWﬁ%hP?"lH?@e@?é%ﬁue%}ﬁﬁﬁg'{y matehpdnirithat of thgiether ynetahpewdar e and
the nethod further conprises the steps of arranging one of the powder
conponent APXPARPEBt.in the die as a base |ayer, arranging the other powder
20 conponent m xture on top of the base |ayer; and conpressing the powder
conponent m xtures together to forma desired shape of the conpact.
Preferably, the pressure applied on the surface of the conpact during the

The other metal powder component may also be mixed with powder binder

before the compacting step (ii). The powder binder for one powder component

may be the same or different from that used for the other metal powder.

10 Preferably, one of the metal powder is mixed with three to five weight % of

powder binder.

Preferably, the method further comprises a step of removing the powder binder
in a debinding furnace prior to the sintering step. Alternatively, the powder

15 binder is removed in a sintering furnace followed by the sintering step.

In one embodiment, the green compact is formed in a suitably shaped die and
the method further comprises the steps of arranging one of the powder
component mixtures in the die as a base layer, arranging the other powder
20  component mixture on top of the base layer; and compressing the powder

component mixtures together to form a desired shape of the compact.

Preferably, the pressure applied on the surface of the compact during the
sintering step is between 2 g/cm® and 10 g/cm? Alternatively, the pressure

25 applied on the surface of the compact during the sintering step may be more



- sintering step is between 2 g/cn2 and 10 g/cn2. Alternatively, the pressure

25 applied on the surface of the conpact during the sintering step nay be
~nmore 4 than 10 g/cnmR. Preferably, the required pressure is produced by a
“ceramic plate. As an exanple, the ceranmic plate may be placed directly on
the surface of the conpact during the gintering step to exert the required
anount of pressure. As a further exanple, the ceramc plate nmay be spaced

from the StpRacy/cRvicIPieidhblNans PReRirb8t yResulh s EJré‘&@céH‘% t hecGampact

may be 50 to 100 m crons. In another enbodi nent, the green Conpact nay be

formed by [ : u rises . the step of m xing
t he powder b%g%p'(&)%e%ht &%fﬁ&% ﬂ%?%%@pﬂat& @tgp\%enﬁ %gﬁg (Elge[%}% n @?%ggﬁa(ﬁ% form
respective slurry mxtures prjor tg the conpactin tep. Preferably, the

net hod fur Pﬁét{ec %P?%QU{‘H@ Q]teeﬁg‘ e Ié?%rﬁonﬁxﬁﬁeﬁ!ﬂ JRAYIreR @M oRf t op

of the other to forma double |layer slurry and heating the double |ayer
slurry to PESSUffieAsdpatiier pxample, dbeperamiayplates maye beosparedofropoiiter
rolling. The present invention also relates to a netal part, double |ayer

or nul t§-| agepacpbadtettat tpaspape between tise pite Radnibehasnmpact @il fber 8hto

materials. 20 Brief Description of the Drawi ngs An enbodi nent of the
i nventi on woblmigmsbe descri bed, by way of exanple, with reference to the
acconpanyi ng drawi ngs i n which,
In another embodiment, the green compact may be formed by tape casting and
the method further comprises the step of mixing the powder component
10 mixtures with a solvent and polymer binder to form respective slurry mixtures
prior to the compacting step. Preferably, the method further comprises the steps

of layering one slurry mixture on top of the other to form a double layer slurry

and heating the double layer slurry to form the compact.
15 The compact may also be formed by powder rolling.

The present invention also relates to a metal part, double layer or multi-layer

plate or part produced using the method for different materials.

20  Brief Description of the Drawings

An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings in which,



-5 Figure 1is aflowchart depicting a preferred nmethod for producing a

~ double |ayer conponent without an internediate gradient zone using powder
~metallurgy; Figure 2 shows a die set used in the nethod of Figure 1; 5
Figure 3 shows a sintered double | ayer conmponent according to the preferred
enbodi nment; Figure 4 shows a mcrostrucgure view of the double |ayer
conponent of Figure 3; Figure 5 shows a m crostructure view of another

doubl e | ayreiﬁureomerwmbw chafr dshietatdy uspregerrd® MmsthbadiopprEdgsing al dobibur es
5a and 5b show m crostructure views of two further double |ayer conponents

produced usigg éﬁr}ﬁpgﬁémo%MOLﬁi EHH ‘ainﬂérn%og%lée.gﬁ‘aaféﬂ‘f"s z@ngﬁhggﬁdoé% ying

pressure on a surface of a green conpact urithg sintering; igure 7
shows a t%eaaﬁlasti_ng apparatus for form ng a double |ayer green conpact.
Det ai | ed DESE'UF on of the Preferred Embodi ment 20 A preferred enbodi nent
of the invention will be described using an exanple of fabricating a
doubl e | ayidguife? shoysa dieysstipesdndes ”?éh%‘l’ PfiF@Eadd Figure 1 shows a
flowmchart depicting the fabrication steps.

s  Figure 3 shows a sintered double layer component according to the preferred

embodiment;
Figure 4 shows a microstructure view of the double layer component of Figure
3;
Figure 5 shows a microstructure view of another double layer component
10  produced using the method of Figure 1;
Figures 5a and 5b show microstructure views of two further double layer
components produced using the method of Figure 1;
Figure 6 shows a method of applying pressure on a surface of a green compact
during sintering; and
15 Figure 7 shows a tape casting apparatus for forming a double layer green

compact.

Detailed Description of the Preferred Embodiment

20 A preferred embodiment of the invention will be described using an example of

fabricating a double layer metal plate using powder metallurgy and Figure 1

shows a flowchart depicting the fabrication steps.

In this embodiment, an iron (Fe) based powder material, hereinafter referred to

1887
wn

as powder A is used to form the first metal layer. For the second metal layer,



- In this enbodi ment, an iron (Fe) based powder material, hereinafter
referred to 25 as powder Ais used to formthe first netal |ayer. For the

- second netal layer, 6 nickel (Ni) powder is used. It should be apparent

- that the described enbodinent is also applicable to other types of netal

such as titanium (Ti), stainless steel g etal powder or other alloys. 5

Powders A and B have different shrinkage factors and to reduce the

shri nkage [ i isRwe | [ ] sed.
he. shown | oK GRS GaeRINREE SHOWFbe TPERRanARh A Rbed et o

W th respegt - rtio f e i,nder,..usi n experi ment al

bl ender .1 5§ RS HLCREG e ibel voes” o AEELsPHE SR cubpug® (Bl Felfesg Skl 1
powder B is mxed ,or blended with 3 to 5 w % wax powder binder whereas
powder A igwe@lw%rtq{otgeggl%.m % powder binder. To further reduce the

effects of warping or distortion during sintering, it is preferred that
| ayer and binder formulation is optimsed at about 5 wt % bi nder for the
base | ayer (powder B) and about 7 wt 15 % binder for the top |ayer (powder

A) . 1t shoRbddees Apgad @havendifferémt sirinikagebfadties amadorreiiate ahe Whrinkage
proportions are only exanples and the proportions nmay be varied according

to the typgpfepdndeOWlgbwiBE BildrS sui@fdsShAE Bodidbt ®ifddr is TRER" i@%' shBWIT in .
di fferent shrinkage characteristics and the proportions nay be et erm ned

by trial af—‘%u‘?é r19ratté}e8bf."1‘i Bomtei‘sskagh8 ¥ arrgsngpta?ate?yomixed with respective

proportions of the powder binder using an experimental blender.

10 In this embodiment, to achieve the desired results, typically powder B is mixed
or blended with 3 to 5 wt % wax powder binder whereas powder A is mixed with
5 to 15 wt % powder binder. To further reduce the effects of warping or
distortion during sintering, it is preferred that layer and binder formulation is
optimised at about 5 wt % binder for the base layer (powder B) and about 7 wt

15 % binder for the top layer (powder A). It should be apparent that the above
binder and material wt. proportions are only examples and the proportions may
be varied according to the types of powder materials used since different
material have different shrinkage characteristics and the proportions may be
determined by trial and error to obtain satisfactory results.

20
When both powders A and B are properly mixed, the powder mixtures are
further processed or consolidated in a suitably shaped die to obtain a self-
supporting compact or green body, and in this embodiment a die set 20 shown
in Figure 2 is used to form the required shape of the double layer plate. The die

25 set 20 comprises a base die 21 having a cavity 21a, an upper die 22a and an



- When both powders A and B are properly m xed, the powder m xtures are

" further processed or consolidated in a suitably shaped die to obtain a

sel f- supporting conpact or green body, and in this enbodinent a die set 20
shown in Figure 2 is used to formthe required shape of the double |ayer
plate. The die 25 set 20 conprises a base die 21 having a cavity 21 a, an
upper die 22a and an 7 ejector/lower die 22b. The ejector 22b is first

arranged | _@jek&ﬁﬂﬁ\%f' tie 23paTRE &idt8or ?‘Z‘ﬁ% %8 :gr;ar@éélgfn @%A%gﬁpz%?zgpgthe[ he

consolidating the powder m xturés in the die set

venty”on PHES oJeCE) BoD%, B, of calfbelidalrie I BRge eliClis ininere oF

parti cul ar 8ase is approximately 700 to 950 mcrons. At step 1.3, the
process i 52 repeated for the powder m xture containing powler B as the
coating or top layer wth a |l esser layer thickness of about 50pm 10 Next,
at step 1.4, both layers are conpressed to shape or conpacted together
using the upper die 22 to forma conpact commonly known as a green body 23

of a desirAtstEmape, shebonset hiktusd avaludingfpande? &, whithtiBithie Riski I8iRls case,
the green body 23 has dinensions as depicted in Figure 2. The cohpression

force 15 agpida@de@hly i tHPEleclir A tb So@RAHE dedirkANPickhBEs IWVRRA ROFYs 23 1S
unsintered but possess sufficient green strengt h to l)e €| e'c?’egﬂl'( using the
ej ector 228} 8 Lase is approximately 700 to 950 microns. At step 1.3, the process is
repeated for the powder mixture containing powder B as the coating or top layer
with a lesser layer thickness of about 50um.
10
Next, at step 1.4, both layers are compressed to shape or compacted together
using the upper die 22 to form a compact commonly known as a green body 23
of a desired shape such as that shown in Figure 2. In this particular case, the
green body 23 has dimensions as depicted in Figure 2. The compression force
15 applied on the upper die 22 is about 25 tons. The green body 23 is unsintered
but possess sufficient green strength to be ejected (using the ejector 22b) as an
integrated part from the base die 21 ready for the next process step. Typically,
the green body 23 is formed at room temperature. Alternatively and preferably,
the green body 23 may be formed at a temperature between 40°C and 90°C.
20
It would be appreciated that the compacting can be performed before the
powder mixture containing powder B is layered onto powder A. This means that

after the powder mixture containing powder A is arranged on the base die 21,

the upper die 22 is used to compress powder A first and when the mixed



- integrated part fromthe base die 21 ready for the next process step.

" Typically, the green body 23 is formed at roomtenperature. Alternatively
and preferably, the green body 23 may be formed at a tenperature between
40C and 90C. 20 It would be appreciated that the conpacting can be
performed before the powder nixture containing powder B is layered onto
powder A. This neans that after the powder m xture containing powler Ais

arranged o j ' ' r owder A
i T ot “and_ DAna8; PERSHELTR & suntdfucrRl ndlicRe b %ﬁ%@%ﬁeﬁﬁﬁg PRl on
top of po r unper die 2 Is used again to conpact the

coﬂposi ltoi ﬁf 'ﬁ\é?(?& §§a®ﬁ§pc0{5’%a% SPWPS‘%@nt he sintering step 1.6,
preferably the green body is 5 thermally debinded to remove the binder
materials at a tenperature of up to 900C with a heating rate between 1 C
to 3C per mnute. The holding tine at the maxi numtenperature is about 0.5
to 2.5 houNext ahgiepur.pewe priortthehe diiteriog step 3.6, prefemble thégrédmbedy is
conpletely prior to sintering, so that when the parts are sintered in a

separate fthenmatly debiidedvd re@vectheasihasi Ridté@astst ait8mipReatlig '6@?.@ fnd the
parts fromthe residual binders. At step 1.6 , the green body 23 is subject

to a sintepg : hic i 4 b : rs::
o 3 BB Sl ST PLCRaf Q6P ¥ oty B g
requires hﬁ%t 'n?é%(illnlﬂﬁw %%%%rgtﬂgé{ iéBat')gutaO%" rt(g] afg thPsl. C‘?‘rLe ypuarpose of the

debinding is to remove the binders completely prior to sintering, so that when

the parts are sintered in a separate furnace, there will be no contamination to

10  the furnace and the parts from the residual binders.

At step 1.6, the green body 23 is subject to a sintering process and it is at this
step the two layers are permanently bonded together to form a double layer
plate . Sintering requires heating the green body 23 in a furnace, typically a
15 batch or continuous furnace, at below the melting point of the lower melting
temperature of either powder A or B. Atomic diffusion takes place and the
boundary between powders A and B “grow” to create a permanent and strong
bond. For this case, the green body is subjected to a sintering temperature of
1200°C with a heating rate of 2°C to 5°C per minute. When the maximum
20 temperature is reached, this is held for 0.5 to 2 hours. Preferably, the sintering

is performed in a controlled environment which is typically vacuum or of inert

atmosphere.

To reduce the effects of or prevent warping and distortion of the green body 23

25 apressure of about 2 to 10 g/cm? is applied uniformly to a surface of the green



- 15 batch or continuous furnace, at below the nelting point of the |ower

" nelting tenperature of either powder A or B. Atomic diffusion takes place
~and the boundary between powders A and B "grow' to create a permanent and
- strong bond. For this case, the green body is subjected to a sintering
tenperature of 1200C with a heating rage of 2C to 5C per mnute. \Wen the
maxi mum 20 tenperature is reached, this is held for 0.5 to 2 hours.

Pr ef er abl ' BNt i . - i ch
refera yboam?,%ﬂuﬁhgrth@]gsmteﬁn@@fcﬁéysa?@hisrpras&% i dh?éi/e%gwep@g@gé (f)lg'(“ ¢

is typically vacuum or of iner atnosphere. To reduce th or

prevent wagpl di.st.arti reen .ho 3,. 25 ressure .of , about
D to 10 o chne Hatethaufl o Melrieiedl BERMCE 510, ol BE YedufFons
during the sinterin rocess, Thi ressure is achieved by placing a flat
ceram c pl 3&"8“H§9f ng ure Qiethsr ﬁ‘i”ﬁ%‘f? ﬁgﬁt?ngres%‘ Sgg?{ @%r’%dﬁ@eemﬁ@d%ﬁi r ed
anount of %gssure on the surface of the green body 23. In this enbodinent,
the plate platevdiagha weighbof 11902102g0 gremsotpipeatduce a direcicprepsemssaf e of
5 approximately 4.5 to 9.0 g/cn2. It will be apparent that the anmount of

pressure approeinagplyi % 10a8i0eg/cei’nitewitli e’ appatent Yietsthef amBual otprezenant s
have different characteristics. Preferably, the pressure is maintained

thr oughout td b sHiietevarkdsbRELNITeRA ¢St et bbriBhBHihgyIeAlag: Of

t he green body . 10 Figure 3 shows a sintered double layer pla

produced i h%ﬁ@rgﬁ&fPﬁ%pab&hfh%}%rQriQpﬁﬁﬁqafn%thﬁgﬂgh&ut fedWhgiret 1S @

m crostructure view o

sintering process which will alleviate warping of the green body 23.

10 Figure 3 shows a sintered double layer plate 24 produced in accordance with
the method proposed in Figure 1. Figure 4 is a microstructure view of the
double layer plate 24 of Figure 3 which illustrates a chemical bonding boundary
between the base layer (powder A including Fe) and the top layer (powder B
including Ni) which have been bonded together directly without using an

15 intermediate gradient zone. Figure 5 is a microstructure view of another double
layer plate formed from Fe powder and 17-4 PH powder. Figures 5a and 5b
show microstructure views of further double layer plates formed from M2
(commercial tool steel) and Fe, and M2 and Ni respectively. Please note that
the microstructure drawings illustrated herein portray photographs taken on the

20  respective microstructures in order to permit satisfactory reproduction which
would not be possible if the actual photographs are used. However, due to the
difficulty of illustrating such stipple rendered images, the effect of the drawings

may not be as good as the actual photographs.



- double layer plate 24 of Figure 3 which illustrates a chem cal bondi ng

" boundary between the base | ayer (powder A including Fe) and the top | ayer

~ (powder B including Ni) which have been bonded together directly wthout

- using an is intermedi ate gradi ent zone. Figure 5 is a mcrostructure view
of another double Ilayer plate forned ffpm Fe powder and 17-4 PH powder.
Figures 5a and 5b show mcrostructure views of further double layer plates

formed from tp(lEQ{]B’FPbFiaaéuifa‘B@é a%&ﬂé)of gsf@re évg{éa%pﬁ rﬁsgﬁﬁrﬁdr vely.

Pl ease note th m crostructure ngs |I & por

phot ogr aph n. 0 S LV structures in ord r.to

sati sfact ogp e&ﬁ@r 'Sdﬁ}&éqr}‘g’ﬁ%ﬁﬂ@ @ﬁ@é} % tﬁ%&{ ﬁ'éalp%efﬁnﬂpepmf;eﬁ]é’ dhe 195$

phot ographEI % sed. However, due to the difficulty of illustrating such
stipple reRedy tthaw @R intermegiate cgragient reong, aWengéeerMo?3b‘éllla§'S§Ubd as
the actual photographs. 10 The application of a suitable anmunt of
pressure odufimg sgreeng.bbayerer,dhei inyentoratrealisey that applyingrar appiopsiatee in
a traditional sintering process of the green body wthout an internediate

gradi ent zameunt bé pygesstire kantiyalB3hetpk | todiegiuee tor shevengwarpdds onthe Idevayer
the inventors realised that applying an appropriate 5 anmount of pressure

actual | y hebep 130 i8R QvoPpBYEBEs WeichROE Bfe hReRP WBgethia uiibuthan the

two powders A and B are sintered together wt out an erne gradi ent

E;nfeoulrn a[ﬁ%#ﬁ%dlé{%rér‘%\e%’zoﬁefzer amc plate 50 is supported at four corners

In another variation, a ceramic plate 50 is supported at four corners by four
10 members 51 formed from green bodies of powder A or B, as illustrated in Figure
6, so that the plate 50 is spaced from the green body or compact 23 by about
50 to 100 microns during sintering. In this case, the ceramic plate 50 is
arranged to apply a pressure of more than 10 g/cm? on the top surface of the
compact 23 when the green body 23 warps during sintering so that the pressure

15 controls the distortion of the green body 23.

Although the embodiment describes forming the green compact 23 using die
pressing (using a die set 20), alternative one step shaping techniques may be
used such as tape casting or powder rolling which is preferred for mass

20 producing double layer plates or parts.

Figure 7 shows a tape casting apparatus for forming a double layer green
compact according to another embodiment of the present invention. The tape
casting apparatus 40 comprises two pairs of “doctor blades” 42 44, reservoirs A

25 and B, and a carrier tape 46 which moves from right to left as shown by the



- 1o nmenbers 51 formed from green bodies of powder A or B, as illustrated in
" Figure 6, so that the plate 50 is spaced fromthe green body or conpact 23
~ by about 50 to 100 microns during sintering. In this case, the ceramc

- plate 50 is arranged to apply a pressure of nore than 10 g/cn2 on the top
surface of the conpact 23 when the green body 23 warps during sintering so
that the pressure 15 controls the distortion of the green body 23.

Al t hough t odi t ' g | i e
pressing (oG aciEdt oRS s Efpbdomieta stviiths 2 TRAR of kil tmy
be wused such as.tape casting ot powder rolling which is preferred for mass
20 produci AF* l%‘ﬁ“e‘g)?qw&FtDB]"g'{%LO g‘? UG the shenkape d‘ﬁ?ﬁ&ﬁ&%ﬁ?‘("ﬁﬁ'&%&%g‘l@ ng
apparatus for formng a double |layer green caqnpact according to another
enbodi ment Mk pRVERT sHh?dqi'HQBﬂ??thme%ﬁeOQ"éﬂﬁi Is fyrdherigixegpait salyenband
conprises two pairs of "doctor blades" 42,44, reservoirs A 25 and B, and a
carrier tapesmall amamtaiveesrasiaminhikjtar toominghiseasorsdgion dfythe double layer ow X.
Simlar to the first enbodi nent, netal powders A and B are separately

m xed wt hcprippment whedeabritated eddoen thslusir Tk serydtdr be eoeeulBRIV@SAgt he
two netal powders. In addition, each nmetal powder is further mxed wth

sol vent andonin&iRll staiaatfofhulBabh QeicAnad vbid@i.s%r%ﬂgmapilpprvvy%?en@r% bPg;on of

t he doubl e layer 5 conponent when fabricated to S he slTurry

o ot al ChAA AW on AATBR! 6icin 218771256, LPXJEh8Y! 88w 8 BuRP alboh8l- 3%
7.23% denatured; 2.41% of Butylbenzyl phthalate, S-160; and 2.41% of
Poly(vinyl butyral) grade B-98.

10
Similar to the first embodiment, a powder binder is also mixed in the
composition to minimise the mismatch of the shrinkage difference due to the
different materials. The first slurry 48 comprising powder A, which is the base
layer, is received in the reservoir A and the second slurry 49 comprising powder

15 B, being the top layer, is received in the reservoir B. As the first slurry 48 is
dispensed from the reservoir A due to the relative carrier tape motion, the first
pair of doctor blades 42 “shears” or spreads the moving slurry 48 evenly to form
the base layer. As the base layer reaches the second reservoir B, the second
slurry 49 comprising powder B is spread on top of the base layer with the help

20 of the second pair of doctor blades 44 to form a double layer slurry. The double
layer slurry is then dried typically by infra-red lamps mounted along the moving

carrier tape after the second pair of doctor blades 44. After drying, this forms a

green compact having sufficient green strength for further handling before the

sintering process.



- 0.4% of Menhaden fish oil, brown Z-3; 7.23% of Xyl enes; 95% of Ethyl

"~ alcohol; 7.23%denatured; 2.41% of Butylbenzyl phthalate, S-160; and 2.41%
of Poly(vinyl butyral) grade B-98. 10 Similar to the first enbodinent, a

~ powder binder is also mixed in the conposition to mnimse the m smatch of
the shrinkage difference due to the different materials. The first slurry
48 conpri sing powder A, which is the base layer, is received in the

reservol 1 Aygiglly, Nhesgroid sritbact RORRTRI MBI S red Sofbiod Hrd0 I ¢ oP

| ayer, is received in"the reservoir B. the first slurry 48 is | Spensed

fromthe r LT t] len ta nmotjon, the first
pair of dogégbgg?éﬁ@ggﬂgﬂbggégggﬁqhgcg%&¥%§§k¥ﬁ%aﬁ% i QQEEHV$&p%§e§§5EIytLO
form the base layer., As the base |l ayer reaches the second reservoir B, e
second sl ﬁ'm'farzfgywbﬁbhﬁi beeh Srgerbed iin the fush eprPadimest. thePWESKETa i er
with the help 20 of the second pair of doctor blades 44 to forma double

| ayer sl urfpplierhen @susiase afdhegresrueemppst, toarevant sdarping eralistpriign. i nf ra-red
| anps nmounted along the noving carrier tape after the second pair of
doctor blades 44. After drying, this forns a green conpact having
sufficient green strength for further handling before the sintering

process. 2 wif beTaparaht that ofeerIsReBtepOsisitg kécHriged i< 8imilant agpheasigsi red

shape and t hen
such as powder rolling.

Using the described embodiments, the present invention is able to overcome
10 the different properties between the two metal powders for example, melting
temperature difference and shrinkage differénce, to produce a double layer

plate which does not exhibit the effects of distortion or warping.

The described embodiment should not be construed as limitative. For example,
15 the preferred embodiment describes mixing the two metal powders separately
with different amounts of powder binders, but this may not be absolutely
necessary since it may be possible to mix one of the two metal powders with
binder powder to change the shrinkage characteristics of one and still reduce
the shrinkage difference between the two metal powders.
20
In addition, if powder B is required to be coated also on the other side of the
base layer (powder A), then a layer of the powder mixture containing powder B
is first arranged on the base die 21 prior to depositing the powder mixture

containing powder A. After the powder mixture containing powder A is applied



. debinded and sintered to formthe double |ayer plate. The sintering process
"is simlar to what has been described in the first enbodi nent, i.e.
_pressure is applied on a surface of the green conpact, to prevent warping
- or distortion. 51t will be apparent that other one-step shaping techni que
is simlarly applicable, such as powder,rolling. Using the described
enbodi nents, the present invention is abfe to overcone o0 the different

properti esoRabyRfEAnS DROWMHDR BRI, QQWﬁéﬁcé&@gg@gpgggng@ef =g aﬁ% ae&@t ure

di fference and shrinkage difference, to pro ayer te which
does not exhj hd f i .f1on or warping. The descri bed

enbodi nent %@"ﬂ%"%ﬁé‘?@é%ﬁ%&%ng"}"‘;’-m tative. For exanple, 15 the
preferred enbodi nent describes mxing the two netal powders separately

with different amounts of powder binders, but this may not be absolutely
necessary since it may be possible to mx one of the two netal powders wth
bi nder powd&ViNdo NeMWahdly descebed rkageventemciteshaild cke @ppaentatal ane ©of
reduce the shrinkage difference between the two netal powders. 20 In

addi ti ofh, bfdipawdskill Bnitber aduhatdany bwdifitieds adap benmialde et vithdat of
the base |ayer (powder A), then a layer of the powder m xture containing
powder B HWephitihgtfraihta@gedpoastdginiease die 21 prior to depositing the
powder mi xture containing powder A After the powder m xture containing
powder A is applied



- 13 on top of the powder B layer, a further coating |ayer of powder Bis
" applied on top of powder A to form another coating. Having now fully
~described the invention, it should be apparent to one of s ordinary skil
- in the art that many nodifications can be nade hereto w thout | degantgeng
fromthe scope as clained. LLOYD WSE 14 CLAIMS 1. A nethod of bonding
two netal powder conponents having diffierent shrinkage factors, the nmethod
conprising the steps of 5 i. mxing one of the powder conponents with a
powder binder to reduce the shrinkaGbAdMSt erence between t he powder
conponents, thereby form ng a powler conponent mxture, ii. formng a green
conpact fromthe powder conponent m xture and the other netal powder
conponent, 10 iii. sintering the conpact to form a pernmanent bond between

the two powder AC%H%HB@foSboﬁmH 'tWo %ﬁ?%lyb&ﬂdgﬁ %éﬁr%o% (fjbﬁaéwfa%r ¢ the

conpact during the sintering s acco d| ng to claim

1, further conpr hﬁh@ggéqa@t&% H@emgﬁ%ed’c%bﬁjsmg the steps of:

5 I mixing one of the powder components with a powder binder to
reduce the shrinkage difference between the powder
components, thereby forming a powder component mixture,

. forming a green compact from the powder component mixture
and the other metal powder component,

10 iii. sintering the compact to form a permanent bond between the two
powder components, and

V. applying pressure on a surface of the compact during the

sintering step (iii).

15 2. A method according to claim 1, further comprising mixing the other metal

powder component with powder binder before the compacting step (ii).

3. A method according to claim 2, wherein one of the metal powder is
mixed with three to five weight % of powder binder.
20
4. A method according to claim 2, wherein one of the metal powder is

mixed with five to fifteen weight % of powder binder.



: er conponent w th powder binder before the conpacting step (ii). 3. A

) Fr;g}t,\ﬁod aC(r:rgrdi ng to clgimz, wherein one of the netal powder is mixed with
three to five weight % of powder binder. 20 4. A nethod accordi ngL@xD wise (r)n
2, wherein one of the nmetal powder is mxed with five to fifteen weight %
of powder binder. LLOYD WSE '5 5. A nethod according to any one of the
preceding clainms, further conprising a step of renoving the powder binder
in a debindPng fér maethodpracoordingt tre aiyntomiel i #ieeoreBedingAcBinRO%urther
according to claim1l to 4, wherein the powder binder is renoved in a
sintering furnaceofmprisowed slﬁeypbhﬁerﬁbﬁh@ﬁh@%oﬂo@?-biﬁdeﬁn@ﬁggﬂdﬂﬁcﬁ:@%cneg to
any one of the preceding clains, wherern the green conpact 1S For in a

. C o . L ¢
die. 10 8. A met badr arge dhiedingat&hai m 7, further conprising the steps o
arrangi ng one of bt hre powder clgprpo%nt m xtures in the die as a base |ayer,

arrangi ng the other powder conponent m xture on top of the base |ayer; and
15 conpressing the powder conponent m xtures together to forma

5 6. A method according to claim 1 to 4, wherein the powder binder is

removed in a sintering furnace followed by the sintering step.

7. A method according to any one of the preceding claims, wherein the

green compact is formed in a die.

10
8. A method according to claim 7, further comprising the steps of
arranging one of the powder component mixtures in the die as a base
layer, arranging the other powder component mixture on top of the base
layer; and
15 compressing the powder component mixtures together to form a
desired shape of the compact.
9. A method according to any one of the preceding claims, wherein the
pressure applied on the surface of the compact during the sintering step
20 is between 2 g/lcm? and 10 g/cm?.

10. A method according to any one of claims 1 to 8, wherein the pressure
applied on the surface of the compact during the sintering step is more

than 10 g/cm?.

o
w



- desired shape of the conpact. 9. A nethod according to any one of the

" preceding clains, wherein the pressure applied on the surface of the
conpact during the sintering step 20 is between 2 g/cn2 and 10 HU@RWISH.
“ A nmethod according to any one of clains 1 to 8, wherein the pressure
applied on the surface of the conpact duréng the sintering step is nore
than 10 g/cnR2. 25 LLOYD WSE 16 11. A nethod according to claim9 or 10,

wher ei n t he 1pr essér mettsodacchrded tobglaien Q_Erfra‘m',G/vliér_@trﬁt-helé’reséur@i%_fmgdu?ed
according to claim1l, wherein the ceramc plate is placed 5 directly on

the surface of theyeoraraatic diténg the sintering step. 13. A nethod
according to claim1l, wherein the ceramc plate is spaced fromthe
conpact. 10 14. A nethod according to claim13, wherein the space between
the plate and the conpact is 50 to 100 mcrons. 15. A nethod according to

' ' t is forned by tape
222’,{ ?23 025%?' 8 Alnleth & a‘é@grrd‘?rlmgn 1§ Wil 5 whSHRARE derami plate 1 placped

5 directly on the surface of the compact during the sintering step.

13. A method according to claim 11, wherein the ceramic plate is spaced

from the compact.

0 14, A method according to claim 13, wherein the space between the plate

and the compact is 50 to 100 microns.

15. A method according to any one of claims 1 to 6, wherein the green

compact is formed by tape casting.

16. A method according to claim 15, further comprising the step of mixing
the powder component mixtures with a solvent and polymer binder to

form respective slurry mixtures prior to the compacting step.

20 17. A method according to claim 16, further comprising the step of layering

one slurry mixture on top of the other to form a double layer slurry.

18. A method according to claim 17, further comprising the step of heating
the double layer slurry to form the compact.

25



: 16. A method according to claim 15, further conprising the step of m xing
" the powder conponent m xtures with a solvent and polyner binder to form
respective slurry mxtures prior to the conpacting step. 20 17. A_Lgebhoce
according to claim16, further conprising the step of layering one slurry
m xture on top of the other to forma double layer slurry. 18. A nethod
according to claim 17, further conprising the step of heating the double

|ayer slurrygto fAmiethbe RROBRABY to Ahy londP il 1 ﬂasl&hefbmﬁ@@dn@@@%dl ng
to any one of clainms 1 to 6, wherein the conpact is formed by powd

rolling. 20. A meiaheRdy gru,g using the nmethod according to any one of
the 5 preceding cl alem; )lp A dou I'e | ayer pl ate produced using the nethod

according to any one of cI aims 1 to 19. 10 22. A nethod of preparing a
green conpact fromtwo netal powder corrponents having different shrinkage

factors, th orrprl sin ste m xi ng at | east one powder
conponent V\?Qh a’g th@gstC@g ‘H%B%gaetrﬂ%thgﬂr?‘?ﬂ@é%'ggotpf?@f SReL ibeween
the two netal powder

5 preceding claims.

21. A double layer plate produced using the method according to any one

of claims 1 to 19.

10 22 A method of preparing a green compact from two metal powder
components having different shrinkage factors, the method comprising
the steps of:

I. mixing at least one powder component with a powder binder to
reduce the shrinkage difference between the two metal powder

15 components, thereby forming at least one powder component

mixture; and
. forming a green compact from the at least one powder

component mixture.

20 23, A method of producing a metal part from a green compact formed from
two metal powder components having different shrinkage factors with at
least one of the powder component being mixed with a powder binder
to reduce the shrinkage difference between the two metal powder

components, the method comprising the steps of:



1s conponents, thereby formng at |east one powder conponent mxture; and
“1i1. formng a green conpact fromthe at | east one powder conponent
- mxture. 20 23. A nethod of producing a netal part froma green EShPadISE
- formed from two netal powder conponents having different shrinkage factors
with at |east one of the powder conponéht being m xed with a powder binder
to reduce the shrinkage difference between the two netal powder
conponents, the inet hodntssimgr thei gigenreorgpagistodprmia pepnanskt bagd beiwean ng
the green conpact to forma pernmanent bond between the two powder
conponents; and ii. atheltpiongowdessampooenta; god f ace of the green conpact
during the sintering step (i). 5

ii. applying pressure on a surface of the green compact during the

sintering step (i).



