;}~e3el WT: <"6XT=F4E 1 Doubl e-l ayer Metal Sheet and Met hod of Fabricating
the Same Background and Field of the Invention This invention relates to a
nmet hod for bonding two netal powder conponents 5 having different shrinkage
factors using powder netallurgy, nore particularly but not exclusively, for
fabricating double | ayer nmetal parts, sheets or conponents. It is wdely
known that formation or fabrication of aldouble layer netal io conponent

usi ng powder progessing requir an_int di at adi ent terial
conposi i on di spBeublerbasMetal Sheqs anglethod of Eabricabingdhe Same

internedi ate gradient material is a mxture of the two material powders to
be bonded to nutually conpensate the respective shrinkage factor of each
material and thus provides a region or zone to allow a gradual change

bet ween t heBagkyronhe andlFigldvafehs Iiwemtionhe two | ayers are sintered together.
This is alleviates deformation or warpage of the two |layers during
sintering. However, the use of the internedi ate gradi ent zone creates extra
process steps of preparing the internediate m xture and arrangi ng the

m xture petyween.the. 20 l.ayer [ o ' LN ' may
further con-r)ﬁ'gg ngﬁ[cﬁeré;ﬁ%é e@sg n?etﬂB@ f§'g anﬁg\ggtwdo &feg%lt 9%‘&&%‘;1 ggﬁPg@éﬁ{g
I nvention to provide a bondjng get hod whi ch al | evi at ﬁs at | east one of the
di sadvant agBavieg difierept ishrinkage Jaetort using, Pawaer faetgliviaye ropke, Particylarly)
choice. s Summary of the Invention In a first aspect of the invention,
there is prout ded exelusively, oforbéaitioatingwdonbleallayerwdeetat opaiisie sheetsavarng
different shrinkage factors, the nethod conprising the steps of:
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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io i. mxing one of the powder conponents with a powder binder to reduce
the shrinkage difference between the powder conponents, ii. forming a green
conpact fromthe powder conponent m xtures, iii, sintering the conpact to
forma pernmanent bond between the two is powder conponents, and iv.

appl yi ng pressure on a surface of the cogpact during the sintering step
(iii1). An advantage of the described enbddi nent of the invention is that
the two 20 pgetal.p r : e bonded. wi t hout .an i nfernediate
gr adi ent zoﬁﬂs %’P]eo(%ﬁwgé %‘?ﬂﬁ%g%érﬁp'ﬁ?g?@o%?%ﬂ?w&e BrRdipg @ﬁhqqgwgf@
sintering process helps to coptrol the shrinkage of the conpact and reduces
or prevents®@ %@@ttlgﬁt&ﬁe of the ﬂ’ﬁ@ﬂ@'ﬁﬁgﬁoﬂc%& pHokart andige providrscthe t he
shrinkage difference between the two netal powder conponents such that the
shri nkage f publixrwith acrsefulsthmicgpowder conponent is substantially matched to
that of the other nmetal powder conponent. s The other netal powder
conponent nmay al so be m xed with powder binder before the conpacting step
(ii). The powder binder for one powder conponent nay be the sane or
differeni f that inhhe other netal powder. to Preferably, one of
t he net a:tly pggvc'é?é}?somﬁgm\;&ﬁlo three to five weight % of powder binder.
Preferably, the nmethod further conprises a step of renoving the powder

bi nder in a debinding furnace prior to the sintering step. Alternatively,

t he powder '[ré b%' nder is repoved in a sintering furnace followed by the
sintering stef.lirehagpectephbiie Myventionnthege deprevdgda methedrofebonding two

sui tably shaped die and the nmethod further conprises the steps of arranging
one of the métalepowdapampoments unagng ndiffeeenti sheiskagebdaetorsyy e methadgi ng
t he ot her powder 20 conponent m xture on top of the base |ayer; and

conpr essi ngcamprigingdiee stepypsfnent m xtures together to forma desired shape
of the conpact. Preferably, the pressure applied on the surface of the

conpact jguring the si %%ﬁd‘%nét&‘pth:e_sp&ﬁaéYeéﬁm%oHéﬁﬁﬂwﬁﬂ]ﬁja g;ﬁwg/eFriS?nde[r

Al ternatively, the pressure 2s applied on the surface o e conpac t8uri ng
the sintering step My offcd° fhe shrinkage difference between the powder

components,
i. forming a green compact from the powder component mixtures,
iii. sintering the compact to form a permanent bond between the two
15 powder components, and

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

step (iii).

An advantage of the described embodiment of the invention is that the two
20 metal powder components can be bonded without an intermediate gradient
zone. The use of an appropriate amount of pressure during the sintering

process helps to control the shrinkage of the compact and reduces or prevents

warpage thereof.



4 than 10 g/cnR. Preferably, the required pressure is produced by a ceramc
plate. As an exanple, the ceramic plate nay be placed directly on the
surface of the conpact during the sintering step to exert the required
anount of pressure. As a further exanple, the ceramic plate nay be spaced
fromthe s conpact such that the space bgtmeen the plate and the conpact
may be 50 to 100 m crons. |In another enbodi nent, the green conpact may be

formed by t casti and t he.noeth further rLs S of . i .xi ng
t he powder ?g%ﬁfﬁﬁ}‘ft {h%o pﬂ\”)‘i’?[li’éé@% %ﬂiug&é Jﬁéeﬁm‘ﬁsbp@ﬁ?@}%&ﬁ@‘éﬁeﬂ ﬂ*%or m
respective slurry mxtures prior to the conpacting step. Preferably, the
met hod f urt Fe rotabraoyder: grmpeasRis sughyirat; the §h8ﬂ|§qgﬂ f3ctay of pne dpetabp of
the other to forma double layer slurry and heating the double |ayer slurry
to form t hepoadpacomponefhés sobgiaotiallyagnaichad toettfadrofdbietnthpomiial powteng.
The present invention also relates to a netal part, double |ayer or

mul ti-1| ayer cohmpbpent. part produced using the nethod for different
materials. 20 Brief Description of the Drawi ngs An enbodi nent of the
inventionp will now be described, by way of exanple, with reference to the
acconpanyi ng draw ngs i n which, 5 Figure 1 is a flow chart depicting a

preferred hod, for produci a doubl e | aye one Lt hout . an, .
i nt er medi at Srool Pérmgt?gr‘?g“(%gncd)%%ﬁ W%yaélf"é&g%;ﬁﬁgéd&% f’oé’f*ﬂﬂ/snb'ﬁdari e
set used in the nethod of Figure 1; Figure 3 shows a sintered doubl e
| ayer conpohefare doe seanasting ster (i ﬁ‘@rﬁ‘g’lﬁd%{n@ﬁe?mtqnqua‘ﬂﬂ@r £ORPOneNy
m crostructure view of the double |ayer conponent of Figure 3;

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/ocm?. Alternatively, the pressure

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



Figure 5 shows a mcrostructure view of another double | ayer conponent io0
produced using the nmethod of Figure 1; Figures 5a and 5b show

m crostructure views of two further double |ayer conponents produced using
the nethod of Figure 1; Figure 6 shows a nethod of applying pressure on a
surface of a green conpact during sintering; and is Figure 7 shows a tape
casting apparatus for formng a double Iéyer green conpact. Detailed
Descri pti on,of e Preferred Enbadi nent. A err di.nment t he

i nvention V\ﬁhlaln ﬁ)@ gf@@c‘r ?{58%'”%*5%@’%&8%@5‘%|pée€‘§“%a'8r 6@’&@'&%@ éycﬁgﬁﬁfgémlcayer
nmetal plate using powder netallurgy and Figure 1 shows, a flowchart

depi cting tplate. A po fxasPle; higscerpmie piate dndy derriaced girecty pn(the)sustased
powder nmaterial, hereinafter referred to 2s as powder Ais used to formthe
first netalofl &yerconfpactt terirngedbadsintariig istaperto exalt thekegquineid) apwanérofi s
used. It should be apparent that the described enbodi nent is al so

appl i cabl e hresStRErAS WP ARtr eRimples ded cararid grﬂtenméﬁ De sphaedfasm theeel
nmet al powder or other alloys. s Powders A and have different shrinkage

factors epdglsrﬂgéadétfcﬁ ﬁh%?tﬁébgﬁssw&éﬁﬁ% 16 aftd w%rnptacﬂﬁ%%bé BoNoas

wax po nder 1s used. As wn I n Fi e 1, at step'l.1 wders A and
B are separ (flnﬁgm xed with respective proportions of the powder binder

usi ng an exﬁ 31 blender. io In this enbodiment, to achieve the
desired results, typically powder Bis mxed or blended with 3 to 5w %
wax powder binder whereas powder Ais mxed with 5 to 15 wt % powder

bi nder. To further reduce the effects of warping or distortion during
sintering, lntanather efmbodirdenthéhe geeesr campadtimay befformed dyi tapeicastipg iamds ed
at about 5 w % binder for the base |ayer (powder B) and about 7 wt is %
bi nder for thee mathod afig@ther Peamprises -thét stepof dméngpther potvdehatormpeneitove

bi nder and material wt. proportions are only exanples and the proportions

may be ri ; A i i i

G P ooty napAdRanfin b sbRehl BnthiRATmEt pRRAIRD RN ePosive Sry Afures

Pr opor t | NS, g ifie UBhTEHAG L&, Prefdtbof theefod furfid: BbMhp?Rbh Hhastepsy
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 aiso 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,



20 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 supporti ng 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 2s set 20 conprises a basg die 21 having a cavity 21 a, an
upper die 22a and an ejector/lower die 22b. The ejector 22b is first

arranged i n-fh avi Ly f : e di !

conaol i dat | FGULBd Bons shiaf e Brardifiisd iRl P Aroguahs'h Soupk
powder m xture including powder A which is the base |ayer, is sprea
Bventy on (oG GemBpnesh, WGU: (A HBtRadl CrPaRRAbs SONanHERG. HPaRer
particular case is approximtely 700 to 950 microns. At step 1.3, the
process i s metallargy for the powder mi xture containing powder B as the
coating or top layer with a | esser |ayer thickness of about 50um io0 Next)

at step 1. 4Figasd D shawe' s drY seta@elrin #3e théthos bAPRyUeE 1¢onpact ed t oget her
usi ng the upper die 22 to forma conpact commonly known as a green body 23

of a desjreg: Esrid 288 Ivar [ i [ case,
the gr eegn bg'(??/lhgg %as dﬁﬁﬂgﬁgasﬁ;@@gdﬁétdggﬁcﬁw@glgrenggﬁ@%ﬁgﬁ%éﬁngﬂeg?sdi on
force is apgljnbeg. on .the upper die 22 is about 25 tons. The green body 23 is
unsi ntered BUP° 6293’355 sufficient green strength to be ejected (using the
ej ector 22b) as an integrated part fromt base die 21 ready for fhe next
process st epiguig fi $haws, a missogffucdyrengy @éﬁﬁﬁmﬁﬁwe&thwﬁv%rﬁﬁe‘@r@r e.
Alternatively and preferably, the green body 23 may be forned at a

t enper at ur e3pet ween 40C and 90C. Zo It would be appreciated that the
conpacting can be perfornmed before the powder m xture containing powler B

is layered Pigute ®WheowsAa HitmstrastisetViel af taiotihidre dpabiéelaysrxéomponent
contai ni ng powder A is arranged on the base die 21, the upper die 22 is

used tol&onﬁf&@%egg\gﬁ?th@ hithdd FElgufeer the mixed 8 powder of powder B
i s subsequenhtly arranged on top of %owder A, the upper die 22 is used again

to conpact oS tid @n. t : I i i

step 1.6, pt:@ﬁégsgti%%nheggr SWbo o?@&@uh}&g%&?lc@‘ ﬁ%l@@gépﬁoﬂbﬁrﬁé@?he
bi nder materials at,  a t erat.ure, of 0.900C with a heating rate between
1 Cto 3C p%?mﬂpﬂ%@té.prqﬁ'gquﬂﬂpﬂgh?méﬁ‘aéOfﬁ@uﬁﬁﬁqurum tenperature i s about
0.5 to 2.5 hours. The purpose of the debinding is to renove the binders
conpl et el y Piguse Brshoyisna enethgd of @pplying pressutehen gesuriacer of & graas eempacta
separate furnace, there will be no contam nation to io the furnace and the
parts from tbeng sintetirgd; amdnders. At step 1.6 , the green body 23 is subject
to a sintering process and it is at this step the two |ayers are

per nenens | yFippsied shoast Qetl’agbocéﬂrn@ appardale forYsrming ad louble Naysr Gken
requires heating the green body 23 in a furnace, typically a is batch or
continuous § gee, at below the nelting point of the Iower nelting

tenperature of elther powder A or B. Atomc diffusion takes place and the
boundary between powders A and B "grow' to create a pernmanent and strong

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

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



bond. For this case, the green body is subjected to a sintering tenperature
of 1200C with a heating rate of 2C to 5C per mnute. Wen the nmaxi mum zo
tenperature is reached, this is held for 0.5 to 2 hours. Preferably, the
sintering is performed in a controlled environnent which is typically
vacuum or of inert atnosphere. To reduce6the effects of or prevent warping
and distortion of the green body 23 2s a pressure of about 2 to 10 g/cnR is

appl i ed uni N f f A .

Pt ering preasds GafastibaRes, B'srblE 6 E6Bares) it SoCed BricRiment

pl ate having a predeterm ned weight sp as to produce .the,. .required amount of
pressure on'%tﬂﬁg igalledp other &&@@noﬁﬁﬁsalz%!cl%l @S Elfﬁ@u@nﬂéh%xilﬁﬁsst gebl at e
has a wei ght of 100 to 200 granms to produce a direct pressure of s

appr oxi mat emetal Pwdererothgrcatdysit wil | be apparent that the anount of
pressure to be applied varies since different types of nmetal conponents

have different characteristics. Preferably, the pressure is naintained
t hroughout the entire sintering process which will alleviate warping of the

green bogdy ﬁ%wdbﬁ]ﬁiitﬁgi B ﬁ@&%r&nt%ﬂhﬁé@@_fﬁﬁaﬁ 8nd 3 Pedite e Srinagduced

i n accordance w od proposed in"Figure 1. Figure Is a

4

m crostruct Vi EW_0 e Ei i ;
illustrat esH%f%E?ﬂs%’ 8a$’°‘b!§§ﬁﬂﬁ‘3’%boﬂjn°3‘§§ \@e)féé\gﬁéc[ ﬁfé‘dﬁgg[’%@e}ﬁ@(s E]Iévv\\@e'rn A
including Feg) and the top |ayer owder i ncluding N ).which have been
bonded  oge bR di e il « FOUECBO R ALS SRDERIEN MRS iR TeRPeSRe.
Figure 5 is a mcrostructure view of another double |ayer plate forned from
Fe powder aptpportionstof the\pmavder hindardisirthanaegpsdmental bigndesst r uct ure vi ews
of further double layer plates forned fromM (conmmercial tool steel) and

Fe) and M2 and NI respectively. Please note that the mcrostructure
drawings illustrated herein portray photographs taken on the 20 respective

m crost iyict | fs emRIdIRAENE, %0 RRhEve thatdadirkelt reklts, appREM PoRdeME Bhmiel d
not be possible if the actual photographs are used. However, due to the

1o Y BN 385U, ok BRSBTSl REBEnchER hseh i
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



The application of a suitable anmount of pressure on the green body 23
during sintering is unconventional since in a traditional sintering process
of the green body w thout an internediate gradi ent zone, the green body 23
will distort during sintering. However, the inventors realised that

appl ying an appropriate s anount of pressure actually helps to reduce or
prevent warpage of the green body 23 mhen the two powders A and B are

sintered togRbhFolbt BsaRIThe oRdEe gsdﬂgs@ar%eaqﬂeme RIS the

vari ati on, cer am C S suppo cor ners

menbers 51 e n bod| s of er A or as |Ilust ated Ln
Figure 6, s a%%?te %Leng?i& &eiepol YobguEs Bheslpset 23
by about 50 to 100 m crons during si nterl ng In thls case, the ceranc
plate 50 is2@rranged 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 is controls the distortion of the green body 23. Although
t he enbodi nent describes form ng the green conpact 23 using die pressing

(using asdi atsglp £9) th@bbwaemumr@nﬂzmﬁg pORRIEr 79 Wisiehné dve BaBBYays, Issed
such as tape casting or povvder rolling which is preferred for nmass 20

product ng dgufisl biuify o eeSicRlorPAs b 16HIHE dbsHEg HicknbE SRR S

appar atus for ayer green conpact accor |ng to ano

enbodi ment of .t he present invent casti

conpr | ses. t REigHArEags 1 appIMAIenZ00 15 SERRIFASE ARRE RS SbEpiaCess s a
carrier tape 46 which noves fromright to Ieft as _shown by the 11 arrow

X. Simlar fepeated fartbe pomisiedinixtwre captaining pawsies Baas the g)@trrtg QeteRrlayen y

m xed with polymer binders to reduce the shrinkage difference between the
two netal poitberlessémagedihickmess efiaboueb@impowder is further mxed with

solvent and a small anount of corrosion inhibitor to mnimse corrosion of
t he douhfe | ayer s conponent when fabricated to forma slurry. The slurry
can be fornul ated usi ng comrercial standard fornul ati on such as 75-80. 32%

(>)<;| gﬁég' gg&g%éﬁ@? 13,@@?@%&\5@%ﬂ%}eééédﬁt&khap@b?%n?p&teci togethél
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



7.23% denatured; 2.41 % of Butyl benzyl phthalate, S 160; and 2.41 % of

Pol yvinyl butyral) grade B-98. to Simlar to the first enbodi nent, a powder
bi nder is also mxed in the conposition to mnimse the msmatch of the
shrinkage difference due to the different materials. The first slurry 48
conprising powder A, which is the base | gyer, is received in the reservoir
A and the second slurry 49 conprising powder is B, being the top |ayer, is

eservorr aPhiget P RRMRLR T pOBsddiBrblaarBetidiofbr Ryt 38 pbbPHle "°
doctor bl ades 42 "shears" or spreads the poving slurry 48 evenly to form
t he base Ia?ér’s. uaegtaaemda@nmﬁ%éﬁh% E8RO8IMOAe second reservoir B, the

second slurry 49 conprising powder B is spread on top of the base |ayer
with the help 20 of the second pair of doctor blades 44 to forma double
| ayer slurry. The double layer slurry is then dried typically by infra-red

| anps mount RigxeAOSEBPtNE dNeVprits todhe ishiteking etelf 1 &, préferstsiy tvel gpsar body #oct or
bl ades 44. After drying, this forns a green conpact having sufficient green

strengths f Oﬂ}]écerail Hebiiddli itctpgerl% 8'tReBIRdSH Hta%riiﬂg %;é’ﬁ@ eraidire 01%8 to

Typically, the green conpact 1s first cut intot ired shape and then
debi nded angd,siALtered. to..formt b & T i 2 | cess
e sim oy PO0nat Ao th rHle BFvS ) B I8 8% e Mg hBiding Bese
pressure is _applied on a surface . of th reen act, 1.0 prevent [ pi nNg
or distorti 8¢ mayimup temperatyfe i Abq a&-%?‘héggﬁﬁu'ﬁe %%Pﬂ@etcgﬁ que
is simlarly applicable, such as powder rolling. Using the described

enbodi ment sdebinding isstentemoneethe bimdess sbmpletelyoprierctonsintering, sodihat avhem

properties between the two netal powders for exanple, nelting tenperature

di fference #ulpans iankaptterid fres eseparatedupiavd there witlubé o eyretanmhation tohi ch
does not exhibit the effects of distortion or warping. The descri bed

embodi mgpt hfladtPhndthe BRRS HRTRTeidilel Biridéfs. For exanple, is the

preferred enbodi nent describes m Xl ng e two netal powders separately with
di fferent amounts of powder binders, but this may not be absolutely

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



necessary since it nmay be possible to mx one of the two netal powders with
bi nder powder to change the shrinkage characteristics of one and stil
reduce the shrinkage difference between the two netal powders. 20 In
addition, if powder Bis required to be coated also on the other side of

t he base | ayer (powder A), then a | ayer ?f t he powder m xture containing
powder B is first arranged on the base die 21 prior to depositing the

Povder ;/3 " b 7 @hﬁw%@?aﬁﬁ?% pfoces -t‘E%‘Magﬁi%%ﬁ?ﬂié?ﬁ?eﬁgﬁ[?3;@%&“@2%{'4129
Havi ng now FRIEITC dUale: RRURS L BPARBRTINGR, WRIEh 35,8 BoPEBbaPCRe (SRR of s

ordinary skill in the art that many nodifications can be mad a hereto
wi t hout ~ depampuntof peaasure osclbgesurtacel of thedgreeniaody 2BV this £mkedigenbf
bondi ng two nmetal powder conponents having different shrinkage factors, the

met hod COrthesglate thae &tvgightodf 180ito 20&igrgmenie pfodute pditket presqureantt s
wi th a powder binder to reduce the shrinkage difference between the powder

conponenys, aﬂ)ﬁmx{?ﬁ’é mymsato%.e cFETRAGH Y Spparet BRNARE ARGRANG YreBburkur es.,

. t
iii. sintering the conpact to Torma pernmanent bond between the two to

powder conpgngnt . | M. Vi r f e ct
during the 5i ﬁ? eafqpﬂgagféél&s(gﬁ% .d'@&eﬁ{ ﬁ&%#o(gf ﬁ%&%r%égﬁ%@l I&#\% 9&% t her
conprising mxing the ofher tal] 15 powder, co nent with powder binder
before the gpéﬁfﬁﬁ%i”ﬁﬂ%’*-s Eﬁfe@rﬁ))v.gh@. PIESSET$h 4% e 'H?ﬂgtwf‘ei*'gﬁ)%tntﬁﬁ, enieEr ei n
one of the netal powder is mxed with three to five weight % of powder

bi nder. 20 sintesingenrpodssiwbinhowilplieviate wanping oftee greerobedv?3: he net al
powder is mxed with five to fifteen weight % of powder binder. 5. A nethod

according to any one of the preceding clains, further conprising a step of
renovi ng the powder binder in a debinding furnace 2s prior to the sintering

step. 105 Figufe BRiRKMs ACSIATHED HOUBIES |aieplatb 24} prodificdl if AbraamMste vithi nder
is removed in a sintering furnace followed by the sintering step. 7. A
met hod accofdi Ribth8y Prp8I&d I FifGre®1C FaGraI4Cts2h icrdBRIALRE Wi 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.



S green conpact is fornmed in a die. 8. A nethod according to claim7,
further conprising the steps of arrangi ng one of the powder conponent
m xtures in the die as a base |layer, arranging the other powder conponent
m xture on top of the base to layer; and conpressing the powder conponent
m xtures together to forma desired shapg, of the conmpact. 9. A nethod
according to any one of the preceding clains, wherein the is pressure

ordi ne of the | ei n | .
201 o and 06 A0S B o cebRTRACeS BFiehtequlS o Hehidh BhAP 285 g S "
wh inth | i t.h f of th t durj th

Simtr i ng SEBITG RowabyeFaRALTINGs ihe Fadtonal ARROOEeRPEh AL i OFeR m o

or 10, wherein the pressure is produced by a ceram c plate. 16 12. A

met hod accobadngvithout| an rintermegiate cgradient zanearthe gregne bpdy R3owll distostct | y
on the surface of the conpact during the sintering step. 13. A nethod
accor di ng t dudhgisintéfing.wWHewever,tthe ineertors rgdlised that apphiny anf appropliate
conpact. 14. A nmethod according to claim13) wherein the space between the

plate ang taﬁ\ofemm%és%ré(b&l%igﬂﬁaﬁéCtbcreaucé @r PrevéntRhistibe26€ tHed gt 0
any one of clainms 1 to 6, wherein the green conpact is forned by tape

one of . gr een ed by f
mxi ng the potac ML okBef? & Phd Bl Siferet WA ORE MittRRY 31T .

is formres ctiv(f tslurr?%mxtures prior to the conpacting step. 17. A

met hod accolBMEYBCIBARMEONEyUr t her conprising the step of |ayering one
slurry mxture on top of the other to forma double layer slurry. 20 18. A
met hod according to claim 17, further conprising the step of heating the
doubl e layer slurry to formthe conpact. 19. A nethod according to any one
of cl ai ns 1l an6therhariation; heceramiaqilates50 ds reegppbited catdfour redrhersgby Fsur 17
20. A nmetal part produced using the nethod according to any one of the

precedi ng ChrimBers®Y. fofmdayirg dr@élw tbg@illegtc# pRvey 2er Bsh8 diustratetinMgure

according to any one s of clains
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



22. A nmethod of preparing a green conpact fromtwo netal powder conponents
havi ng di fferent shrinkage factors, the nmethod conprising the steps of: to
i. mxing at | east one powder conponent with a powder binder to reduce the
shrinkage difference between the two netal powder conponents; and ii.
formng a green conpact fromthe powder gonponent mxtures. is 23. A nethod
of producing a netal part froma green conpact fornmed fromtwo netal powder

conponents Qaxlng §’|H ‘?rttg?ﬁe ﬁ@tieﬂ#@&ﬁm@fﬁftrﬂé@ PBWEeF?A% 8 r.e?agél{ab@gn

steps of: i. Sinteri n reen compac m'a per rranen
the two powder nts; ii,. a re re on surface of the
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zupj e’ [ V] Camlm\»@ﬂml@]@qrw @fﬂceam]]atal powder is further mixe solvent and

a] c:a] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*al] ca] ca] cal
g R a small amount of corrosion inhibitor to minimise corrosion of the double layer
F,rJ235 } xsnid_Z] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

a] ca] ca] £a] ggrhpahemd whes fdisridated epiorml & 8lurs). ITRe; slurry can be formulated using
>" 1t " c7Wwgl gb] X] ] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

A b
; ca] C?%(gﬁ; oC ?%’rfrfelrﬁ ! Ej%hﬂ? Tclrﬁ?]éﬁfd FJI&T%:ag]#ca ca /Q H‘?%tg?ﬁa cg X A] ca?ca] ca
cajcalJcalc C dhes:
,C,,,-€e-Q-. 84(3/3 %M%ﬁh @Lﬁ@ﬁﬁ?af’? ‘*]é ?))23]‘ K agFJ%PEEJtM]aé%ﬂhga] calc
| =
zggg]gggcglyg%g]ge]@gmg%%ﬁ selsalahs SRleale?) §3lstR sal 849N
}xsnid_Z]]] ga}yéa] ;I?q]tég}ai)a] cg] ca ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca]calc
alycd re
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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.

25
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applied on a surface of the green compact, to prevent warping or distortion.

it will be apparent that other one-step shaping technique is similarly applicable,

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 difference, 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
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reduce the shrinkage difference between the powder
components,
i. forming a green compact from the powder component mixtures,
iii. sintering the compact to form a permanent bond between the two
10 powder components, and
iv. applying pressure on a surface of the compact during the

sintering step (iii).

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

5. A method according to any one of the preceding claims, further
comprising a step of removing the powder binder in a debinding furnace

25 prior to the sintering step.
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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

10 layer; and
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
15 pressure applied on the surface of the compact during the sintering step

is between 2 g/cm? 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

20 than 10 g/cm®.

11. A method according to claim 9 or 10, wherein the pressure is produced

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

5 from the compact.

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

and the compact is 50 to 100 microns.

10 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

15 form respective slurry mixtures prior to the compacting step.

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.

20 18. A method according to claim 17, further comprising the step of heating

the double layer slurry to form the compact.

19. A method according to any one of claims 1 to 6, wherein the compact is
formed by powder rolling.

25
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21. A double layer plate produced using the method according to any one
5 of claims 1 to 19.
22. A method of preparing a green compact from two metal powder

components having different shrinkage factors, the method comprising
the steps of:
10 i. mixing at least one powder component with a powder binder to
reduce the shrinkage difference between the two metal powder
components; and

ii. forming a green compact from the powder component mixtures.

15 23. A method of producing a metal part from a green compact formed from
two metal powder components having different shrinkage factors, the
method comprising the steps of:

i. sintering the green compact to form a permanent bond between
the two powder components; and

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

sintering step (i).



