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THE I NVENTION This invention relates generally to
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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

The above-mentioned need is met by the present invention, which éccording to one aspect
provides a method of producing a metallic component including: providing a mixture ofa
metallic powder and a binder; melting the binder and forming the mixture into a preform
in the shape of the component; remove a majority of the binder from the preform; and
heating the preform with microwave energy to remove the remainder of the binder and to

sinter the metal powder together to form the component.



| According to another aspect of the invention, a

nmet hod of producing a netallic conponent i ncludes
providing a m xture of a netallic powler and a

bi nder; nelting the binder and form ng the m xture
into a continuous preformin the shape of a desired
conponent; renoving a majority of the binder fromthe
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in accordance with resent invention; Figure 3
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themat| c’ perspective view of the weld wire of Fi gure

7 wound onto a
Figure 2 is block diagram of a manufacturing process carried out in accordance with the

present invention;
Figure 3 is a schematic side view of an injection molding apparatus;

Figure 4 is a schematic side view of a preform being removed from the mold show in
Figure 3;

Figure 5 is a schematic cross-sectional view of a preform inside a microwave chamber;

Figure 6 is 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;

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

spindle for further processing;

Figure 9 is a schematic view of an alternative extruding apparatus; and



spindle or further processing; Figure 9 is a
schematic view of an alternative extrudi ng appar at us;
and 2 Figure 10 is a schematic perspective view of a
nmetallic sheet wound onto a spindle for further
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The metallic powder may be a single alloy or it may be a mechanical mixture of more -
than one alloy. For optimum performance in the injection molding process and also for
comﬁatibility with the microwave heatihg 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 ailoys such as Ti-6A1-4V,
nickel-based alloys such as INCO 718 or UDIMENT 720, and iron-based alloys such as
AZ86.

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

binder may be provided in a powder form.
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Next, at block 54, the preform 48 is microwave sintered. As shown in Figure 5, The
preform 48 is piaced in a chamber 56 which includes means for creating a suitable
atmosphere to prevent undesired oxidation of the preform 48 or 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 also 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
chambef 56. ‘The microwave spectrum covers a range of about 1 GHz to 300 GHz.
W1th1n this spectrum, an output frequency of about 2.4 GHz is known to couple with and

heat metallic particles without passing through solid metals.



Next, at block 54, the preform48 is m crowave

sintered. As shown in Figure 5, The preform48 is

pl aced in a chanber 56 which includes neans for

creating a suitable atnosphere to prevent undesired

oxi dation of the preform 48 or other reactions during

the sintering process. In the illustrated exanple a
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desired, the compressor blade 10 may be subjected to additional processes such as final

machining, coating, inspection, etc, in a known manner (see block 64 of Figure 2).

Figures 6 and 7 illustrate an alterative ‘method suitable for producing continuous
components. Initially, a metallic powder and a suitable binder are provided. The metallic
powder may be a single alloy or it may be a mechanical 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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sintering step gives the conpressor blade 10 a

significantly greater density, that is, freedomfrom

voids, in less tine. Wien the sintering cycle is

conpl ete, the conpressor blade 10 is renoved fromthe

chanber 56 and allowed to cool. \Wen required, the
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the majority of the binder out of the preform 148. This may be done with a suitable

solvent which dissolves the binder but does not attack the metallic powder.

The preform 148 then passes into a sintering chamber 156 where it is microwave
sintered. As shown in Figure 6, The chamber 156 includes means for creating a suitable.
atmosphere to prevent undesired oxidation of the preform 148 or other feactions 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 dlso 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 small metallic particle size in the preform 148,

6



Next, the m xture is extruded using known

i njection-nolding apparatus. A schematic view of an
i njection nolding apparatus 136 including a hopper -

138 and an extruder 140 wth rotating screw 142 is

‘'shown in Figure 6. The mxture is extruded through a
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The contmuous process described above may be used to produce any other type of
component with a constant cross-section. For example, the process may be used to
produ.ce 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.



consolidate. The high tenperature also nelts and

drives out any remaining binder. The heating rate

(i.e. the output wattage of the m crowave source) and

the speed of the conveyor belt 150 are selected so

that the preform 148 is held at the desired

temperature for a selected tine period | ong enough to
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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
preform248. In order to supply an adequate feed of
a binder-netallic power mxture to the die 244, a
plurality of side-by side injection nolding
appar atuses 236 nmay be provided. The extruded
preform 248 is then | eached and m crowave sintered as
descri bed above, to result in a nmetallic sheet 262,
shown in Figure 10. :



7 When required, the netallic sheet 262 maybe
subjected to further consolidation using a HP
process to result in a substantially 100% dense
conponent. As shown in Figure 10, This step nmay be
facilitated by winding the netallic sheet on to a
' 6 rel ease conpound may be pl aced
VVH%QthtﬁAﬁ4§I?§§ers of the netallic sheet 262 to
prevent undesired consolidation and diffusion
1. RoReihpg ohroiieink aYeétsllic th@pbeadednypisngl e 264 may
then be ©placed into a chanber (not ~ shown) for the
H P process. The foregoing has described a
proyigigfaaaixgie 0g a prasd s poveer andertondove sint er ed
conmponents. Wile specific enbodi nents of the present
I T a n ri At W ent .
melliY SR SRR B RA6 R ER dplel o b 3 RO of s
compdédt] cations thereto can be made without departing
fromthe spirit and scope of the invention.
Accordi ngl,y, the foregoing description of the
remawgér%aﬂér?ééaﬂmer&om #ed PerfesHt @Bt and the best
node for practicing the invention are provided for -
- r | . .
e O ol Pl A8 O T B Mo P bingey and.
to sinbee saildandtsl. poSvddHdEethSr (d BidvERdIcSmpbnerd met hod of
. producing a netallic conmponent, conpri sing:
ovidin . xture of a nmetallic _powder and a . _
2. ﬁ“ﬁ M@Ofﬁ@? PF;HB APahgs; GrETIsEEd PEERRIAG ashit dsstaticqupressing
treatrfl? oft SRESLADIMG BRI RRA DRl d conponent
renoving a majority of sail I'nder from said perform
and heating said preformw th m crowave energy to
3. Teemethddhef ¢lamil ndesreiafths atefd diifodeihg aad mixdwsiintoes preform
said netal powder together to formsaid conmponent. 2.
COMPHESSTRICABRE < BRI TG HPOKER VeSS EFH§PEr f or mi ng a
hot isostatic pressing
4. The method of claim 1 wherein the step of forming said mixture into a preform

comprises extruding said mixture through a die having a desired cross-sectional shape.

5. The method of claim 1 wherein said majority of said binder is removed by washing

said preform with a solvent selected to dissolve said binder but not said metallic powder.

6. Themethod of claim 1 wherein said preform is disposed in a chamber provided witha

controlled composition atmosphere during said heating.

7. The method of claim 1 wherein said preform is maintained under a vacuum during

said heating.

8. The method of claim 4 wherein said preform is sequentially transported from said die
through a solvent bath for leaching said binder and then to a chamber wherein said

microwave heating is carried out.

9. The method of claim 4 wherein said die has an elongated cross-sectional shape

9



treatnment on said conponent after said heating step
3. The nethod of claiml|l wherein the step of form ng
said mxture into a preform conprises injecting said
m xture into a nold having a desired shape. 4. The
met hod of claim1l wherein the step of formng said

i xture.,into a reforpw conprises extrudi ng said

adaﬁ%‘i%ﬁ’r@d’t‘?ﬁ%ﬁ KR &N %vi ng a desired

cross-sectional shape. 5. The method of claiml
10. MRRétHoS&f Jaiffbd Alritey c@hpsahg bi nder is renoved by
washing said preformwith a solvent selected to
di ssol ve sai d binder but not said netallic powder.
coﬂmg arw@gﬂmfrﬁ@ui FIMRINENOTEO \ehwiesd |7 Wit arcsiesy epmapeuad disposed
nber V|ded with a controlled
bd“me -?S%ﬁlaeﬂ %g%p égﬁgrlng said heating. 7. The
nethod of claim 1 mhereln said preformis nmaintained
placiidend epivde uliitumibichgindsai d heating. 8. The nethod of
claim4 wherein said preformis sequentially
transported fromsaid die through a solvent bath for
perfp@a@auari@t SaptatioPITeans HRIMeRE %%‘? SPTEPRISBEr wher ei n
said mcrowave heating is carried out. 9. The nethod
of claim4 wherein said die has an el ongat ed
cross-sectional shape 9 adapted to produce a
sheet-1i ke preform 10. The nethod of claim4 further
conprising: coiling a length of said conmponent onto a
spindle with a rel ease conpound di sposed between
adj acent | ayers of said conponent; placing said
“spindle in a chanber; and perfornmng a hot isostatic
pressing treatnent on said conponent. 10
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