- M CROMAVE PROCESSI NG OF M M PREFORMS BACKGROUND COF
THE I NVENTION This invention relates generally to
sintered nmetallic conmponents and nore particularly to
conmponents sintered by m crowave heating. Mt al
Injection Molding ("M M) is a known process in which
a fine netallic powder is mxed with a plastic
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BRI EF SUMVARY OF THE | NVENTI ON One aspect of the
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Accordingly, there is a need for a method of sintering a metallic preform to provide a

uniformly dense finished component.

BRIEF SUMMARY OF THE INVENTION

One aspect of the present invention provides a method of producing a metallic
component, comprising: providing a mixture of a metallic powder and a binder; melting
said binder and forming said mixture into a perform in the shape of said component;
removing a majority of said binder from said perform; and heating said perform with
microwave energy to remove the remainder of said binder and to sinter said metal powder
together to form said component; wherein the step of forming said mixture into a perform
comprises extruding said mixture through a die having a desired cross-sectional shape;
the method further comprising: coiling a length of said component onto a spindle with a
release compound disposed between adjacent layers of said component; placing said
spindie in a chamber; and performing a hot isostatic pressing treatment on said

component.



the method further conprising: coiling a | ength of
sai d conponent onto a spindle with a release
compound di sposed between adj acent |ayers of said
conmponent; placing said spindle in a chanber; and
perform ng a hot isostatic pressing treatnent on said
conponent. 1 BRI EF DESCRI PTI ON OF THE DRAW NGS The
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Figure S is a schematic cross-sectional view of a preform inside a microwave chamber;

Figure & 1s schematic side view of an apparatus for carrying out an alternative molding

and sintering process;

Figure 7 is a schematic perspective view of a weld wire produced by the present

invention;

i

Figure 8 is a schematic perspective view of the weld wire of Figure 7 wound onto a

spindle for further processing;

Figure 9 1s a schematic view of an alfernative extruding apparatus; and



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to

the drawi ngs wherein identical reference nunerals

denote the sanme el enents throughout the various

views, Figure i depicts an exenplary conpressor bl ade
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which al lows the required processing (e.g. m xing,
suitablg ®atiéromng powolidedi fi cati on, and |eaching). Exanples
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than one alloy. For optimum performance in the injection molding process and also for
compatibility with the microwave heating step described below, the particle size of the
metallic powder should be -_about 100 micrometers or less. Examples of known alloys
suitable for constructing compressor blades include titanium alloys such as Ti-6A1-4V,
nickel-based alloys such as INCO 718 or UDIMENT 720, and iron-based alloys such as
A286.

The binder may be any material which is chemically compatible with the metallic powder
and which allows the required processing fe.g. mixing, injection, solidification, and
leaching). Exampies of known suitable binders include waxes and polymer resins. The

binder may be provided in a-powder form.



The binder and the netallic powder are thoroughly
m xed together, as shown in block 30. The mxture is
then heated to nelt the binder and create a fluid
"with the netallic powder coated by the binder (bl ock
32). Next, the mixture is fornmed into a predeterm ned
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inert gas such as argon is connected to
attadkitBe metatli¢ powdet. t he chanber 56. The sintering coul d
also be perforned under a vacuum A ni crowave source
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prefGiAHAY Nk %?JCE(?% W dBmbBE 56 which includes means for creating a suitable
atmo sphere to prevent undesired oxidation of the preform 48 of other reactions during the
sintering process. In the illustrated example a supply 58 of inert gas such as argon is
connected to the interior of the chamber 56. The sintering could alsc be performed under
a vacuum. A microwave source 60 such as a known type of cavity magnetron with an
output in the microwave frequency range is mounted in communication with the
chamber 56. The microwave spectrum covers a range of about 1 GHz to 300 GHz.
Within this spectrum, an output frequency of about 2.4 GHz is known to couple with and

heat metallic particles without passing through solid metals.



chanber 56. The m crowave spectrum covers a range of
about 1 GHz to 300 GHz. Wthin this spectrum an
out put frequency of about 2.4 GHz is known to couple
with and heat netallic particles wthout passing
t hrough solid netals. 4 The m crowave source 60 is
activated to irradiate the preform48. In the
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freedbgiﬁgm\,loms| gg@sgﬂuﬁg When the sintering cycle is
conpl et e, t he conpressor blade 10 is renoved fromthe
chanber 56 and allowed to cool. Wen required, the
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- Fi 1gures 6 ind’ 7. 111Lstrate an alteratwe method sultable for producmg contmuous '
.vomponents. In:ually, a metalhﬂ powder and a suitable binder a “_re, prowded. The mctalhc
powder may be a single alloy or it may be a mechaniéal mixture of more than one alloy.
For optimum performance in the injection molding process and also for compatibility
with the microwave heating step described below, the particle size of the metallic
powder should be about 100 micrometers or less in diameter. This process is particularly
suitable for alloys which are difficult to cold work and which are ordinarily cast.

Examples of such alloys include so-called "superalloys" based on nickel or cobalt and
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Figures 6° and 7 illustrate an alterative nethod

sui tabl e for produci ng continuous conponents.

Initially, a netallic powder and a suitabl e binder

are provided. The netallic powder may be a single

alloy or it may be a mechanical m xture of nore than

one alloy. For optinmmperformance in the injection
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ef or m 148 of ~a constant cross-section. For
resule)m’;lmbh&le wreflin® 1444 (nevei thg peefoint ¢48 has sofidifiedgit phssaboisng a
1.27 mm (0.050 in.). in diameter .nmay be used to
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wire. The die 144 nay optionally be heated to avoid
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conveyer belt 150 or other suitable transport

solv%m ({c}ﬁqolves the binder but does not attack the metallic powder.

The preform 148 then passes into a sintering bhamber 156 where it is microwave
sintered. As shown in Figure 6, The chamber 156 includes means for creating a sﬁitéble
atmosphere to prevent undesired oxidation of the preform 148 or other reactions during
the sintering process. In the illustrated example a supply 158 of'inert gas such as argon,
or a gas fore creating a reducing atmosphere such as hydrogen is connected to the interior
of the chamber 156. The processing could also be performed under a vacuum. A
microwave source 160 similar to the source 60 described above is mounted in
communication with the chamber 156. The microwave source 160 is activated to

irradiate the preform 148. Because of the siall metallic particle size in the preform 148,
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The conveyor belt 150 carries the preform 148 through

a solvent bath 152 which | eaches the majority of the

bi nder out of the preform 148. This may be done with

a suitable solvent which dissolves the binder but

does not attack the netallic powder. The preform 148

then passes into a sintering chanber 156 where it is
the nmiicovoawvay eourdd withribe pariisles modrmepntheing ude the, prfeem 143 passes
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“'source 160 simlar to the source 60 described above
for aisslectedintredetind longrnuudhctatreont iniatchnidiidateh anpeletellz®mponent
The m crowave source 160 i.s acti vat edlqt%g Lr r.a%%tcgse s a
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to cause the netallic powder to fuse together and
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t he speed of the caonveyor belt 150 are selected so
suchap geatiige NFPetiehte.48 2{KEOWBI THAHETt he desi red
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Vhe ted i 1 L @6 O idation
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conpl ete, the conponent 162 passes out of the chanber
for thesl 1P piegess| | owed to cool. If desired, the product 162

maybe subjected to additional processes

The continuous process described above may be used to produce any other type of
cdmpouent with a constant cross-section. For example, the process may be used to '
produce sheet materials. As shown schematically in Figure 9, this may be done by
providing a die 244 of the desired width "W" for extruding a wide, thin preform 248. In
order to supply an adequate feed of a binder-metallic power mixture to the die 244, a
plurality of side-by side injection molding apparatuses 236 may be provided. The
extruded preform 248 is then leached and microwave sintered as described above, to

result in a metallic sheet 262, shown in Figure 10.



such as coating, inspection, etc. in a known nmanner.

When required, the welding filler wire 162 may be

subjected to further consolidation using a known hot

i sostatic pressing ("HP') process to result in a

substantially 100% dense conponent. As shown in

Figure 8, This step may be facilitated by wi nding the
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pl aced between the |layers of the netallic sheet 262

to prevent undesired consolidation and diffusion

bondi ng of the layers. The | oaded spindle 264 may
then be placed into a chanber (not shown) for the HP
process. The foregoi ng has descri bed a manufacturing
process for mcrowave sintered conponents. Wile
speci fic enbodi nents of the present invention have
been described, it will be apparent to those skilled
in the art that various nodifications thereto can be
made wit hout departing fromthe spirit and scope of
the invention. Accordingly, the



foregoing description of the preferred enbodi nent of
the invention and the best node for practicing the
i nvention are provided for the purpose of R
- illustration only and not for the purpose of
_ limtation, the invention being defined by the
wras@mm: IS CLAIMED I'S: 1. A nethod of
produci ng a netallic conmponent, conprising:
i el I%t hat] domppigder and a
1'iﬁ?%ﬁ%@fﬁﬁgﬁ??ﬁgaggﬁgm%fﬁggg and fé?ﬁ?%g said mxture
into a preformin the shape of said conponent;
previomi agnixturapba inelpllss pevaicd abd AGECEr om sai d perform
and heating said preformw th m crowave energy to
r ve .the renai pder .sal- i [ ;
rhGPRY Fod AR R S iy SRRt KOS SR of sad
compdRhgi N the step of formng said mixture into a
preform conprises extruding said mxture through a

~die having a desired crgss-sectional shape; the
TeRBP B8 A a9 01 6 @F% m%&jﬁ?‘?rﬁ’émamf ngth of said
conmponent onto a spindle with a release conmpound

h@’f;t'ﬁ%‘)%@' ﬁ@dﬁﬁ\ﬁ epiti thigfonke | RN StoOemdaé dhd AARARGHTGS said
pl'aci ng saird spindle in a chanber; and performng a
bindéreindits sinteatiid nurtdgeiwdgr togedeniorforme pid gpmpeBRbonent .

2. The nethod of claiml wherein said najority of

aid binder is renoved b hj [ 3 .
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mixt&ditFroukh ald Ha&irkon@ieired drosdbertiopilRbgbepf any preceding
“claimwherein said preformis disposed in a chanber
provided with a controlled conposition atnosphere
thpmithgd Sather kemPTgge’ 4. The method of any preceding
claimwherein said preformis maintai ned under a

CXﬁ](flléug]l% NG Sfd Q:OHI?)@B&R %nio a spi_ndle with a release compound

disposed between adjacent lajrers of said component;
placing said spindle in a chamber; and
- performing a hot isostatic pressing treatment on said component .

2. The method of claim 1 wherein said majority of said binder is removed by
washing said preform with a solvent sclected to dissolve said binder but not said

metailic powder.

3. The method of any preceding\ claim wherein said preform is disposed in a

chamber provided with a controlled composition atmosphere during said heating.

4. The method of any preceding claim wherein said preform is maintained under a

vacuum during said heating.
5. The method of any preceding claim wherein said preform is sequentially
' transp'értéd from said die ihrdﬁgh. a solvent- bath. for leachi;ig,said binder and then to a

chamber wherein said microwave heating is carried out.



5. The nmet hod of any precedi ng clai mwherein said
preformis sequentially transported fromsaid die
through. a solvent bath for |eaching-said binder and
then to a chanber wherein said mcrowave heating is
rri 0
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M CROMVE PROCESSI NG OF M M PREFORMS ABSTRACT OF
THE DI SCLOSURE A nethod of producing a netallic
conmponent includes: providing a mxture of a netallic
powder and a binder; nmelting the m xture and form ng
the m xture into a preform (48) in the shape of the
conmponent; renove a mpjority of the binder fromthe
preform (48); and heating the preform (48) with
m crowave energy to renove the renai nder of the
binder and to sinter the nmetal powder together to
formthe conponent. The conponent may be fornmed as
an i ndividual conponent or continuously. Fig. 2
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