- 6 JUL 2006 FORM NG COWPLEX- SHAPED ALUM NUM COVPONENTS FI ELD OF THE

| NVENTI ON The invention relates to formation of objects, having net:?@ﬁ??@
and ot her conplex geonetries, fromalumnumand its alloys with partical F
reference to powder netallurgy and netal injection nolding. BACKGROUND OF
I NVENTI ON Al um num and its alloys are commonly used in many applications
such as cooking wutensils, industrial conponents, photographic reflectors
and storage equi pnment. These materials have several very inportant

desirabl e att FIORMESGSUOMRISEXKISHAPES JhUMINLEN COMGOMENIGhduct i vity,
non- magnetic, high strength-to-weight ratio, which are not commonly found
in other nmetal alloys. For cooking utensils, its |ight weight, high thernal

conductivity and high ﬁﬁ[ﬁ%@&ﬁ@?ﬁﬁkﬂqﬁewke it very attractive for food
co

preparation. For industria nponents, itTs excellent corrosion resistance,
hi gh thermal conductivity and superior strength-to-weight ratio allow many
i nportant applications such as actuator arns in hard disk drive, heat sink
and el ect r onihe twentigsrel@es o fasmagoa ohobiectst havingrret-shansir 20 othes complex
advant ages of high light - 6 JUL 2006

geometries, from aluminum and its alloys with particular reference to powder metaliurgy

and metal injection molding.

BACKGROUND OF INVENTION

Aluminum and its alloys are commonly used in many applications such as cooking
utensils, industrial components, photographic reflectors and storage equipment. These
materials have several very important desirable attributes such as light weight, high
thermal conductivity, non-magnetic, high strength-to-weight ratio, which are not commonly

found in other metal alioys.

For cooking utensils, its light weight, high thermal conductivity and high corrosion
resistance make it very attractive for food preparation. For indusirial components, its
excellent corrosion reéistance, high thermal conductivity and superior strength-to-weight
ratio allow many important applications such as actuator arms in hard disk drive, heat sink

and electronic casings. For photographic reflecters, it offers the advantages of high light
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reflectivity and non-tarni shing characteristics. Furthernore, the

non- magnetic characteristics nakes alum num useful for electrical shielding
pur poses such as bus-bar housings or enclosures for other el ectri cab JUL 2006
equi pnment. These al um num and al um num all oys in various applications can be
processed in many different ways. For exanple, a shape and investnent
casting process can offer design flexibility wwth |ow capital investnent
but the nmethod is not suitable for large volunme producti on because a new
mol d i seflecfuiityedahdr rezcteroshingi ebaradersitest ifngthdrhare,  hgh noo-meanetic
capability and design flexibility but the finished part is prone to internal
por osi tcharddtemsthd @akesaiumiaes nediLefdrlasttiiag stsiding barpdegctgsess BuSbar
sinple but the geonetry is very limted. In forging, the process offers
good all rti L onplexity and additi onal
secongglr%gﬁﬁc}JI réﬁ?ﬁﬁggﬁéggéaBH#ﬂégéHQF?p?ﬁgggﬁygrocesses are limted when
applied to the production of mniaturized conponents in |arge vol unes.

Anot her netal form ng process is powder netallurgy where a netal powder is
used and shaped into finished parts that neet the di nensional

speci fi cat i oftses# aluimnudm @instatgmiramt adbes al vagowd &ppleateiniseran ishapmcessed in
conplexity, mninmal |evel of porosity and little or no nmaterial wastage.
Powder ABHAIifE @yt g«?ay&‘?worké%é\“ﬁblé,nat%a'bé h84 dmtérgm%@aggrsﬁ@ 7 1844 ch§ offer

restricted by the e conpaction geonetry and the wability. -2
design flexibility with low capital investment but ihe method Is not suitable for large
volume production because a new mold 1s required for each cast piece. Die casling offers
high volume capability and design flexibility but the finished part is prone to internal
porosity, blow holes and undesirable flashing. Extrusion processes are simple but the
geometry is very limited. In forging, the process offers good mechanical properties but
limited shape complexity and additional secondary operations needed. Thus, all these

processes are limited when applied to the production of miniaturized components in large

volumes.

Another met:aI forming process is powder metallurgy where a metal powder is used
and shaped into finished parts that meet the dimensional specifications of the finished
article along with excellent shape complexity, minimal level of porosity and little or no
material wastage. Powder metallurgy is well known in this field but shape complexity is

restricted by the die compaction geometry and the powder flowability.



- 6 JUL 2006 Metal Injection Molding (MM is another known field with many
patents filed and issued over the |last 20 years. However, these tend to be
limted to conmon, less reactive, materials such as iron, stainless &t8le8
| ow-al l oy steels and tungsten alloys. Wien used in a nmetal injection

nol di ng process, alum numin powder formis found to be reactive, rapidly
formng surface oxide filnms. As a result, good nechani cal properties and

|l ow inpurity bodies are difficult to obtain, regardl ess of what sintering
process is dviplabymedctiorT Megeingx(iVibl)fis lamsthamreiootn daki With mesmy pdtents Fieduard .
For this reason, processes for producing net-shaped and conplex parts via

al um nygauReMSIRT tis Rist POyeas. HMNdver RRYEe fend L lititeY tOceRFhog, iepsraddtie, my
provi de high green strength t hrough suffici ent pressure, netal injection

ol di ”gn%até{ %@tsdéﬂ%\r@]rc%rf sPJn‘ﬁ@%E B a}éwpﬁ ?tE r?+ g ! eﬁ?ﬁ‘fé;nces OQH&& ne

sear ch orrfe

I nt er est be| found: US 4 623 388 d scri bes a rocess fo roduc )
conposiin @ MEldr IUFCloR MaIHA Ppcess, @rHrHiﬂW‘?é?HP‘c%P@é By Sl S feadive.

particles. The concentration of silicon carbide was much greater than
concentraptdlpfermegdsurdags orulecfiisintAs abielsuttygead mectmanicéinyeperiorsy andtlder
exanpl es of alum numalloy conposite can be found in US 4,973,522 and in US

6,077, ?H%Bun{y‘bédﬂ'@%%rér&ﬁl%&ﬁ% dﬂﬂ@inpkég{é?a%s@fofmt@n@rﬂdgcﬁﬁcé% (] émg

alum numis hi gh pressure conpaction (nmold tenperature has to be hi gher

than ngllr{és%gogaenfhm%f are not easily removed or reduced. For this reason, processes for
producing net-shaped and complex paris via aluminum powder are limited. Whiie powder

metallurgy pressing operation may provide high green strength through sufficient pressure,

metal injection maolding is not known (o produce metal parts from aluminum powder.

A routine search of the prior art was performed with the following references of

interest being found:

US 4,623,388 describes a process for producing a composite material. A matrix of
aluminum reinforced by silicon carbide partictes. The concentration of silicon carbide was
much greater than concentrations used to promote sinterability (as in our invention). Other
examples of aluminum-alloy composite can be found in US 4 973,522 and in US
6,077,327. Inthese processes the purpose of adding silicon carbide into aluminum ts for
high pressure compaction (mold temperature has to be higher than melting point of

aluminum, 660 °C). This is not applicable to the present invention where mold temp is not
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alum num 660 C). This is not applicable to the present invention where nold
tenp is not -3 - 6 JUL 2006 nore than 150 C. These processes seek to enhance
thermal conductivities in the sintered conposite. They represent a rﬁo 2006
nmetal | urgy process where the green part already has very high density
(about 90 - 95% but shape geonetry is very limted. They require the
addition of silicon carbide has to be substantial to see the effect. In US
5,057,903, the use of alum numand silicon carbide particles is to pronote

t her malmererttan tliS@i 1G.ekhdse grheesmeplsaskite ebharck teteal ecindushvities U8He, 34@rdd3
describes netal based powder conpositions containing silicon carbide as an

al | oyi W@Whéﬁ@re%rﬁ i £powee Belfuligy rddess whte theqrebaped arreaﬁrchet
er

based po under high pressure and high tenperature conpaction,

enhanc 7 7
Feacnesony BEHRgs s eﬁgﬁaﬁ%gﬁe%@#@% CATSAT R &?@T’We
porous sjntered bodies, fromparticles of nmetal havi a refractory oxi de
coat i nGIIGR ﬁf)?‘“ﬁ?Bﬁé‘F!?'pSrhaéfqu punstpgtialh lesgeanere! ‘-%é particul ate netal
before sintering to aid in renoving oxide fromsurfaces of the netal
particles. The particulate netal may be alumnum wth which there may be
m xed a m nor proportion of particles of an alloying elenent. The flux may

be a mi xtur gnafiSPObesTodMhe Lealdf HimAlfint aRB! S cAmfdd BEHRNS; Rfto ;srlfbmbte

flux, after sintering, provides a coating that ar ds in protecting the

sinter ?He?‘mef Soreiductmtres in thermoplastic based materrai while US 6,346,133 describes
metal based powder compositions containing silicon carbide as an alloying powder. Here

silicon carbide is added into iron-based or nickel based powder, under high pressure and

high temperature compaction, to enhance strength, ductility, and machine-ability.

In US 3,971,657, Daver teaches production of sintered bodies of particulate metal,
especially porous sintered bodies, from particles of metal having a refractory oxide
coating. A minor proportion of a flux is mixed with the particulate metal before sintering
to aid in removing oxide from surfaces of the metal particles. The particulate metal may be
aluminum, with which there may be mixed a minor preportion of particles of an alloying
element. The flux may be a mixture of potassium fluoaluminate complexes; the residue of
this flux, after sintering, provides a coating that aids in protecting the sintered article
against corrosion. An important feature of the Daver process is that the product after
sintering has high porosity {and low density). In fact, one application of the process is for

the production of filters.
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agai nst corrosion. An inportant feature of the Daver process is that the
product after sintering has high porosity (and | ow density). In fact, one
application of the process is for the production of filters. - 6 JUlb 200805
In US Patent No. 6,262,150 entitled "Feedstock and Process for Metal
Injection Mlding" it is reported that new binder additives can enhance
solid loading for many materials including alum num but alum numin powder
form as nmentioned earlier, is reactive and will not exhibit good sintering
behavi or, pdantW8uPardny Ne. i 262 4p0semtaiado etdstocli and éyacess fardVietatdnectioe

bi nder. SUWWARY OF THE I NVENTION It has been an object of at |east one

enbodi MRBlding” ihe Ripeseat tHah el biitdraddifvedlean @ritapeessolicoloatity f@acheny ng
al umi num and al umi num al | oy, objects of small size and intricate shapes.

Anot her, %@6 % iﬂéluggdogﬁ@@ng%er%ﬁpbﬁgh% Al CM) ?rpfo‘?ﬁwe'}ist hﬁ\‘]‘ﬁ%b L As: heen

t hat sai ess I'njecti ano her obj ect
of at |east one enbodi nent. of the present |nvent|on has been that sald
pr ocesJeBeliveoRphWIlbhe iyt %Pﬁlsmtﬁf‘@@ﬁ‘-&@"ﬁ%l BRRGUE P RES BXRASHSE ooy RiSF
mat eri al s.

is required to remove the binder.

SUMMARY OF THE INVENTION

It has been an object of at least one embodiment of the present invention to provide
a process for manufacturing aluminum, and aluminurn afloy, objects of small size and

intricate shapes.

Ancther object of at least one embodiment of the present invention has been that

said process be based on metal injection molding.
Still another object of at least one embodiment of the present invention has been

that sald process be compatible with metal injection molding as practiced for other

materials.
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- 6 JUL 2006 These objects have been achi eved by m xing a conposition of

el enental powders into a feedstock that includes alumnumin the a #Ub of
at | east 95% by weight, the rest being silicon carbide or a netallic L 2006
fluoride in an amount sufficient for the required density and strength. The
process includes nolding the feedstock into the formof conpacted itens
such as heat sink and then sintering the conpact itens at sintering
tenperature of between 600 OC and 6500C. The sintering tenperature of the
al loy is bethrese dbf:ts Baveb6e0 doBidveddhyt mexing sictampositioniaf etgyeentat pawgers

at nosphere. In the desired alloy, it conprises approximtely 97% by wei ght

of Al, 0t felastorR thal hudes ilithirkim fi tHCaMoGAT bi SEleabt 8%y Weidhtuid @es
with a si nterlng tenperature of between 600 OC and 650' C and a sintering

time .Of dva rf@erBHéo HE?IﬁohBeq oy o Hbﬁf@ﬁ@l@ﬁf ?or%e?eeupédtd%ﬁélﬁy The

technl ca e of t um num aI resent invention is

NPT bR e N ﬂa%?%%%ﬁ“?%ﬁﬂﬁ‘aés' b Eotetod

The al um num aI | oys of the present invention can be easily manufactured i n
| ar ge vf@nmwmbaafcankﬁnddhﬁarwnteﬁngutbaw@nmm(ﬁ@nm snteskng tarpEnature of
techni cal advantage of the present invention is that it can be net-shaped

between 600 °C and 650°C.

The sintering temperature of the alloy is between 600 °C to 656 °C in etther vacuum
or nitrogen or argon atmosphere. In the desired alioy, it comprises approximately 97% by
weight of Al and the rest 3% by weight of silicon carbide or metallic fluorides with a
sintering temperature of between 600 °C and 650°C and a sintering time of approximately

60 minutes in a vacuum atmosphere of < 0.01 torr.

The technical advantage of the aluminum alloy of the present invention is that it is
relatively easy to source for the alloys. Aluminum, Silicon Carbide and metaliic fluorides

are easy to buy from powder manufacturers worldwide.

The aluminum alloys of the present invention can be easily manufactured in large

volume economically in many intricate shapes and sizes.

Another technical advantage of the present invention is that it can be net-shaped

()=



- 6 JUL 2006 with excellent dinmensional control and nechani cal properties.
Little or no secondary operation is necessary to the finished parts.
Further, the present invention allows the nmanufacture of mniaturi zel JUL 2006
conpl ex geonetry of less than 1 g , wall thickness of |ess than 0.3mm and
surface finish of less than 0.5 m crons. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a histogramplotting nunber of sanples against thickness. FIG 2
is a flow diagram of the process of the present invention. DESCRI PTI ON OF
THE PREFERREDeVBCDMETS discantraaalyd nuabdnicdl wriopertidsad. ittiet obeensedarsiayy
used for MMin the prior art because of the tough oxide | ayer that grows

on al urgguiatiearis irglcessatynestner vehnéd Parget Rlirthdretiad phosehtngvatioreanowhene
particles. The present invention teaches that the addition of a snall

anmpunt ' i ' ' ! &ickRedd St 18 tMak h
al um nurﬁnér-“g%&@%atm%%”g%gggﬁpg%@éoqﬁ\%e@pctyfh%% gqa?]g}ét ﬁgyeblyka?govj ng_:?

inti mate_contacgt between alumn surfaces. The concentration of the

al umi niHheBF &N rﬁ“ﬁ%ﬁ%ﬁ\q‘%}otj%ﬁ:{ﬁ]@a%aénﬁgﬁmsnum and up to 10 total percent
by wei ght of one or nore netals selected fromthe group consisting of Fe,
Si, \h, My, Cu, 2Zn, Ni, Pb, Sn, and Ti) relative to the added sintering

aiding material should be 95 - 99% by wei ght. The sel ection and control of
the netal particle sizes in the

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a histogram plotting number of samples against thickness.

FIG. 2 is a flow diagram of the process of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As already noted, aluminum has not been widely used for MIM in the prior art
because of the tough oxide layer that grows on aluminum particles, thus preventing metal-
metal bonding between the particles. The present invention teaches that the addition of

a small amount of material that aids sintering (by forming a eutectic mixture with aluminum
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powder is an inportant aspect of the present invention. The netal powder
size and powder size distribution used to produce the sintered articles do
have an effect on the properties of the ultimate products obtained-§ JUL 2006
Therefore, the netal powder size and powder size distribution used in the
present invention are selected so as to inpart maxi numdensity and ot her
desired properties to the alloys produced. As a key feature of the present
invention, it teaches that the ratio (alum numparticle size):(additive
parti cbeids} dissolbethel latieothenebyeall o8ving intihate GorBabeheiy ganedlamirdm surfaces.
Addi tionally, concentration by weight of both alumnumand the additive are
in inverse proportion to their average particle sizes. Thus, for exanple,

if the average alum num particle size is doubled, then the wei ght

concentrati '{@HQ t tord - :

al um num po%l‘ee?éosrﬁ%ﬂ%' av@ﬁ% érlrtgrjgﬁﬁiggy f%lgﬁﬁnlgﬁ%zaéfo f(egh'f&%? g%%%ﬁ@r%rﬁngp‘g)ns
and additjves |ike silicon carbide or netallic fluqrides have a nean,.

o t 1 ol 115! P Ent Wi BiScOr BT T aleral SR i Ao O BTk s
to be the sintering aiding -x - 6 JUL 2006 el enent since the eutectic |iquid
wi || bé&egbaddnl Mg, gquéezﬁd FytSr, rand bie reledine 4p tine adaed sénteriop esdiag reateyabond
to one another, ending, eventually at the surface. If the additive

parti ckRsuldrs: 890 d93k 89 .wéiet eThi sdietttort ad temtralfortthe matabpadtiewd edes in the
t hroughout the mx. If the weight fraction of additive material is too

large, pb%e?)a%cgﬁ ﬁnﬁ%ﬁtia\éﬁéct%fltﬂ\e Bpése%?ir;ul%ﬁgrg.hm&ﬁetal powder size and powder

size distribution used to produce the sintered articles do have an effect on the properties
of the ultimate products obtained. Therefore, the metal powder size and powder size
distribution used in the present invention are selected so as to impart maximum density
and other desired properties to the alloys produced. As a key feature of the present
invention, it teaches that the ratio (aluminum particle size).{additive particle size) should
not exceed 3:13, with 3:5 being preferred. Additionally, concentration by weight of both
aluminum and the additive are in inverse proportion to their average particle sizes. Thus,
for example, if the average aluminum particle size is doubled, then the weight

concentration of aluminum particles must be cut in half.

Preferably, the aluminum powder should have a mean particle size of about 1to 15

microns and additives like silicon carbide or metallic fluorides have a mean particle size

of 1 to 50 microns. Only a small percentage of the mix needs to be the sintering aiding



reaction, remaining in their original state with its associated high nelting
tenperature. They wll not sinter, resulting in unsintered |ocal

structures. The alum num silicon carbide and metallic fluoride pomdgrgﬂém@
available comercially in the required particle size ranges. The netal
powder having the above conposition is then mxed with a plasticizer (also
known as a binder) to forma feedstock which can be conpacted using heavy
tonnage presses and injection nolded using conventional injection nolding

machi negiemdmit Bielde the@metic lidwdevisitid drediviany shaearéd cat frani betwesryatemiigum
bi nders are typically included in the nolded articles for the purpose of

hol di ngpalkfa%% éeq%%bpa%ldnet AN SriteRg, n@k%mé PEt R &h}%csé an%é Rditive

Pprocess n organi c polyneric bi nder is pre erred over he wat er - based

o LR S T P S B R

Essentially any organic material will function if it wl gecorrpose und r
el evat efedrbffgetieon gt addityq Retrnal slerderagn e eresss @Hidftg@ﬁém ok P Y9
detrinmental to the properties of the netal articles can be used in the
pr esent raaoliem;, iremaifngfierthed areieeli siéls with iBUrsA0Sedr ®ghanelbing tenyaniicre.
pol ynmers such as stearic acids, mcropulvar wax, paraffin wax and

Iool yet PYhéY'@w!l?ﬁbﬁdfn‘?@d?éﬁ.ﬂﬁﬁgﬁ@n&nﬂ?éfe@'léé@rstﬁm%%t ed or injection nolded.
n partic

The aluminum, silicon carbide and metallic fluoride powders are available
commercially in the required particle size ranges. The metal powder having the above
composition 1s then mixed with a plasticizer (also known as a binder) to form a feedstock
which can be compacted using heavy tonnage presses and injection molded using
conventional injection molding machines. As well known to those skiiled in the art, organic
polymeric binders are typically included in the molded articles for the purpose of holding
them together until they are debinded pricr to the sintering process. An organic polymeric
binder is preferred over the waler-based binders or water soluble polymers since water
may react with the reactive aluminum powder and acceierate the formation of the surface

oxide film.

Essentially any organic material will function if it will decompose under elevated
temperatures without {eaving an undesired residue that will be detrimental to the

properties of the metal articles can be used in the present invention. Preferred materials



nmet al powder can be injection nolded using conventional injection nolding
machines to formgreen articles. The di nensions of the green articL%sJ r@
determ ned by the size of the tooling used, which in turn is determ'ne @
t he di nensions of the desired finished articles, taking into account the
shrinkage of the articles during the sintering process. Simlarly, the

net al powder can be pressed with either high tonnage hydraulic or nechani cal
press in a die to forma green part. After the feedstock has been conpacted

or inj egid Qaric® drganidtgbiyherdestt ed ssé@ineacidehitbropaidh ey HOTIreMini Wax and

geonetry, the binder is renoved by any one of a nunber of well known

debi ndi&g éﬁ@FgHegues available to the netal injection nolding industry such

as, but ?40 Imted to, solvent extraction, thermal, catalytic or w cking.

Subsequently, the nolded or forned articles fromwhich the binder has been

renmoved are densified in a sintering step in any one of a nunber of furnace

types such as, but not limted to, batch vacuum continuous atnosphere or

bat ch at nosph@e deedstotis ant ynen elbesrameariag of viedion soidad iledastieulanh bt ch

vacuum furnace as it is efficient and economcal. -10 -6 JUL2006 The

sel ect i matadbosudieposih begdnjpictibasnaisled Ushig tbevattniret | ngcpoacesigingmathmaisant .

It is desirable that a material which does not deconpose or react under

si nt er i fgncRagdh bHRASS. The dimensions of the green articles are determined by the size of the
tooling used, which in turn is determined by the dimensions of the desired finished articles,
taking into account the shrinkage of the articles during the sinterin'g process. Similarly, the
metal powder can be pressed with either high tonnage hydraulic or mechanical press in

a die to form a green part.

After the feedstock has been compacted or injection molded into the desired shape,
which can be complex in geometry, the binder is removed by any one of a number of well
known debinding techniques available to the metal injection molding industry such as, but

not limited to, solvent extraction, thermal, catalytic or wicking.

Subsequently, the molded or formed articles from which the binder has been
removed are densified in a sintering step in any one of a number of furnace types such as,
but not limited to, batch vacuum, continuous atmosphere or batch atmosphere. Preferably,
the sintering process is carried out in batch vacuum furnace as it is efficient and

economical.

~10-



such as alum na, be used as a supporting plate for the articles in the
furnace. Contam nation of the netal alloys can occur if suitable plates are
not used. For exanple, a graphite plate is not usable as it nmay reagt) w%@
the alum num alloys used in the present invention. Sintering is carrie t
with sufficient tinme and tenperature to cause the green article to be
transforned into a sintered product, i.e. a product having density of at

| east 95% of theoretical, preferably at |east 99% of theoretical. Sintering

processes surThakkrctioh oPéQ&#btﬁhﬁ@ pRtesLREEEH {rRySinteR iy Hrocepeed Rhporddritent isons
to prevent common defects such as warpage, cracking, and non-uniform

shr i nkageg pb oo giag%ﬁ@ WP S AR 8761 AP Hf“dbpb“e"ﬁé”‘?%‘%@&”% "

ni trogen or sphere refe vacuumo ess t torr
gases wit reI atlve Em dlt% and ox F%en cont ent is th

Lenper by 5% B BE Gred A 15 SHRERITD Gt et (FOCISS (hangi firareeg
tenperature at a ranp rate of 25 C/hr to 45 C/hr Typically the

t enper ab-@r@nmisatien okles BeE:! alloys 6800t if 30iteblegplatfmatce’ot ysago 6T Sxaiwien of
|l ess than 1 torr at sintering tenperature will provide excellent tenperature
uni f or matgyaphitel ftatef g muaceaitiasht may résat With tigsambantmesiéoy sausieduimi therpresent
shrinkage of the articles in batch size. - 6 JUL 2006

invention.

Sintering is carried out with sufficient time and temperature to cause the green
article to be transformed into a sintered product, I.e. a product having density of al least

95% of theoretical, preferably at least 99% of theoretical.

Sintering processes suitable for producing aluminum alloys require special
attentions to prevent common defects such as warpage, cracking, and non-uniform
shrinkage by the articles. Sintering can be carried out in either vacuum or nitrogen or
argon atmosphere, preferably a vacuum of less than 0.01 torr or gases with relative
humidity and oxygen content less than 0.6%. The temperature is ramped up gradually
from room temperature to the sintering temperature at a ramp rate of 25 °C /nr to 45 °C/hr,
Typically the temperature is between 600 °C to 650°C for 30 to 90 minutes. A good
vacuum of less than 1 torr at sintering temperature will provide excellent temperature
uniformity in the furnace which in turn brings about even and uniform shrinkage of the

articles in batch size.



Care nust be taken during sintering. Too rapid a tenperature ranping rate
and insufficient sintering tenperature and tine will result in the
production of alum num alloys which have poor properties in term ofb JUL 2006
density, strength, inconsistent shrinkage, fragility and the |ike. An
exanple of a sintering profile which has been found to be particularly
effective for manufacture of alum numsteel efficiently and economcally in
accordance with the present invention involves heating the green articles

i n vacuum of S f oMt L

and mai nt ai nda%%trﬁggﬁ?gqagﬁpg?@gf%ﬁ[@lggu? 68 %m qgﬁ{ﬁ 3 éé}?gr@g rﬁbaf‘%@le'{srﬂf
then increased to 50 C /h un erat re.reaches,.the interi

{ enper AR EGF Uy Seng 4rBeeE R G G Port Jot e REG Rl g Sfoys
tenperature is then either cooled gradually or rapidly cool ed using inert
gases sudnchdaverpsn wepartiasogdarpyef dessiposiengthaincensiskentishrifieee. ragility
physi cal di nensions and wei ght of the sintered alum num all oys are

consi st emd thédiam batch to batch. The variability of dinmensions and wei ghts
within the same batch is mnimal. Cose tol erances of dinmensions and wei ght
can be achieved and thus elimnates the need for secondary machining
processes which can be costly and difficult. After the sintering process has

been, oomp! et ath A ShlePh g, AT RSt BEEA 1agRe1ag 0: A, Lhaehlfos

of the presen ion can € sinterin

for manufacture of aluminum steel efficiently and economically in accordance with the
present invention involves heating the green articles in vacuum of tess than 0.01 torr from
room temperature to 300°C in 30°C /hr and maintain at that temperature for about 0.5 -
1.0hr. The ramp rate is then increased to 50 °C /hr until the temperature reaches the
sintering temperature of 600 °C - 650 °C, maintaining for 30 — 120 minutes. The
temperature is then either cooled gradually or rapidly cooled using inert gases such as

argon or nitrogen by the cooling fan of the furnace.

The physical dimensions and weight of the sintered aluminum alloys are consistent
from batch to batch. The variability of dimensions and weights within the same balch s
minimal. Close tolerances of dimensions and weight can be achieved and thus eliminates

the need for secondary machining processes which can be costly and difficult.

After the sintering process has been completed, aluminum alloy parts manufactured

according to the teachings of the present invention can be removed from the sintering



- 6 J UL 2006 furnace and used as is or it can be subjected to well-known
conventional secondary operations such as a gl ass beadi ng process Lﬁﬁﬁh?@$
the sintered surface and tunbling to snooth off sharp edges. The al n

al | oys produced in the present invention can be used in a variety of
different industrial applications in the sane way as prior art alum num

all oys, their nost valuable applications being in areas where high
conplexity or mniaturization are required. The sintered al um num of the

presentfurfyeatdreanusad feiseasitl varfBe Sanealbd tBrWENKEBwWrOYSHvéntlotEy @ ctangsyof
intricate shapes and profiles. Variability in weight and physical dinension

machi nl RO A SeP B R HPep BT kbesd b Eb s [ Epo R Rard M Einlines

In a doubl e-V blgnder chi ne, 68,670g of al um num powder having a nean
parti cl © ¥N2ettoef §NARFE8SS 2, 1309 of silicon carbi de powder, having a mean
particle size of 40 mcrons and 460g of stearic acids were blended for 4
hours. After a honpbgeneous m xture had been obtained, the m xture was
transferred to a m xing machine. The m xi ng machine is a doubl e-pl anetary
m xer where tThe daninunaslidieaireduted ibhe present ivébliod@8A be used in a variety of

different industrial applications in the same way as prior art aluminum alloys, their most

valuable applications being in areas where high complexity or miniaturization are required.

The sintered aluminum of the present invention can be easily and rapidly produced
over a large range of intricate shapes and profiles. Variability in weight and physical
dimension between successful parts is very small, which means that post sintering

machining and other mechanical working can be totally eliminated.

EXAMPLES

In a doubie-V blender machine, 658,670g of aluminum powder having a mean
particle size of 8 microns, 2,130g of silicon carbide powder, having a mean particle size
of 40 microns and 4609 of stearic acids were blended for 4 hours. After a homogeneous

mixture had been obtained, the mixture was transferred to a mixing machine.

The mixing machine is a double-planetary mixer where the bowl was heated to 150



Cusing circulating oil in the double-walled bow. The well bl ended powder

m xture was placed inside the bowl with the organic binders of 3, 23069

m cropul var wax, 3,230g of seni-refined paraffin wax and 2, 310g of -0 JUL 2005
pol yet hyl ene al at hon. The m xture of powder and organic binders took 4.5
hours to form a honbgeneous powder/binder m xture with the final hour being
i n vacuo. The powder/bi nder m xture was then renoved fromthe m xi ng bow
and cooled in open air. Once it was cooled and solidified at room

tenper ab gr&ingd kird¥astisg 3 vh e dolBid-QEMIE b@n\anwa@b&ch thiepesd %deeThﬁ:xt&@%é y
of the granulated feedstock was measured by a heliumgas pycnoneter and

mmchi ne RIS h?t%dfffﬁat%%wf’\’vhﬁﬁaéPﬂiﬁéﬁtcrbi@%%%gﬁ 7400 SR ELEREN AR L L

has a total length of 25.0 x 15. mm Based on the expected |inear

si nt er i AEMEREIIMRG garafin voox and R@Tﬁg @f P%]yﬁﬁ%q’her 8&N9h al | di nensions than
the rectangul ar block. The injection-nolding conposition was nelted at a
conposition tenperature of 190 C and injected into the nold which was at
100 C. After a cooling tinme of about 20 seconds, the green parts were taken

fromthe nmol dhelhit@eas poret angWraanidbatdervasolk aiglhenrsan fatii Remeykedeous
supporting plate and was heated to 300 C at a rate of 30 C/hr, held for an

hour E]BWfaeF mde'?ﬂna{%tgr@g@h%@ﬁnéi F&iSheif ;ﬁ_’gg:tft'é:Th@éb@_d‘%ﬁﬁai@dbrhﬂ&fure%r

a vacuu ess t torr In sinteri ng urnace.

then removed from the mixing bowl and cooled in open air. Once it was cooled and
solidified at room temperature, it was granulated to form a granulated feedstock. The
density of the granulated feedstock was measured by a helium gas pycnometer and found

to be identical to the theoretical density.

An injection-molding machine was fitted with a mold for a rectangular block. The
sintered block has a total length of 25.0 x 15.0 x 3.5 mm. Based on the expected linear
sintering shrinkage of 10% , the mold is 10% larger in all dimensions than the rectangular
block. The injection-molding composition was melted at a composition temperature of 190
°C and injected into the mold which was at 100 °C. After a cooling time of about 20

seconds, the green parts were taken from the mold.

The green rectangular block was laid on an alumina oxide supporting plate and was
heated to 300°C at a rate of 30°C /hr, heid for an hour before heating to 640°C at a rate

of 50°C/hr., held for an hour, under a vacuum of less than 0.01 torr in a sintering furnace.

-14-



- 6 JUL 2000 The sintering tine was 60 m nutes at 640 C and the sintering
furnace was then cool ed. This gave a rectangul ar bl ock having exactly the
correct dinensions. A sanple of 125 pcs of rectangul ar bl ock was takénjii{oys
measure the weight and its thickness and a histogramto show t he ’
distributions was plotted. The results as seen in FIG 1, show that the Cp(
(USL-LSL)/ 6a where USL is upper specification |imt and and LSL is |ower
specification limt) at 3 signma distribution of the thickness dinension is
1.58. The sintedagsinus Wi SR einmesi attar0 1My apd e eadeahg famaneal doyermeddied.
excel l ent process control in termof dinension. Wien a |linear tolerance of

0.5%is i i sl i el L i on of thickness
woul @ ba S e EganRU I SRERaYin B TR A B AR ) woul d be
1.55. The surface finish is Ra (roughness value) of 0.8 to 1.6 microns. A

diagramillustrating the process flow of the present invention is shown in
FIG 2. What is clainmed is: - 6 JUL 2006 1. A process to nmanufacture an

al um num obj &ctarmRigiohd 2& pesmbrestasaulse blednpas sa5R to prasttd g wefght end its
powder of alum num particles having a first average size; providing a
second {rowklerssodndddiitiogeapantdroivethe distibbutioomshwasméotead. dttd cesuitstasy seam ih
al um num oxi de, having a second average si ze;
FIG. 1, show that the Cp{ (USL-LSL)6c where USL is upper specification limit and and
LSL is lower specification limit) at 3 sigma distribution of the thickness dimension is 1.58.
The process using vacuum sintering produced aluminum alloys with excellent process
control in term of dimension. When a linear tolerance of 0.5% is applied to the thickness
dimension, the specification of thickness would be 3.50 £0.015 mm. The Cpk ((USL-u}

where i is the mean) would be 1.55. The surface finish is Ra (roughness value) of 0.8 o

1.6 microns.
A diagram illustrating the process flow of the present invention is shown in FIG. 2.

What is claimed is:



formng a eutectic mxture by m xing said powders together in a relative
concentration by weight and then adding a binder material, thereby formng a
feedstock; injecting said feedstock into a nold thereby formng a green
part; releasing said green part fromsaid nold and renoving all of sakg JyL 08
bi nder, thereby formng a skeleton; heating said skeleton at a tenperature
sufficient to nelt said eutectic mxture, thereby facilitating sintering of
said alum numparticles to formsaid object to a density that is at |east
95% t hat of bul k; and wherein said relative weight concentrati on of each
powder is in inverse proportion to its average particle size. The process
described in claim1l wherein the ratio (alum numparticle size):(additive
particle size) is (3-5)'.(7-13). - 6 JUL 2006 3. A process to nanufacture an

al umiqnum g Fﬁ)ﬁe@@h@ﬁiari“a%’dt@r@ & SRMhEx ShaRehavirPaRbmplagshasOVdsHhpEsiag! i 1 st
powder of alumnumalloy particles having a first average size; providing a

W th s urinareBie BarhavF iy & aBeBRbTLh e e tRubE 4 BiaRs Sttt ¢
m xture by m xing said powders together in a relative , o
providing a second powder of additive particles, known to form a eutectic mixture
with aluminum oxide, having a second average size,
forming a eutectic mixture by mixing said powders together in a relative
concentration by weight and then adding a binder material, thereby forming a feedstock:
injecting said feedstock into a mold thereby forming a green part;
releasing said green part from said mold and removing all of said binder, thereby
forming a skeleton;
heating said skeleton at a temperature sufficient to melt said eutectic mixture,
thereby facilitating sinteriné of said aluminum particles to form said object (o a density that
is at least 95% that of bulk; and

wherein said relative weight concentration of each powder is in inverse proportion

to its average particle size.

2. The process described in claim 1 wherein the ratio (aluminum particle

size) (additive particle size) is (3-5)(7-12).

-16~



concentration by weight and then adding a binder, thereby formng a
feedstock; injecting said feedstock into a nold thereby form ng a green
part; releasing said green part fromsaid nold and renoving all of _ a'g

bi nder, thereby form ng a skeleton; heating said skeleton at a tenﬁew @mﬁe
sufficient to nmelt said eutectic mxture, thereby facilitating sintering of
said alumnumall oy particles to formsaid object to a density that is at

| east 95% t hat of bul k; and wherein said relative weight concentration of
each powder is in inverse proportion to its average particle size. 4. The
process described in claim3 wherein the ratio (alum numalloy particle
size):(additive particle size) is (3-5):(7-13). 5. The process described in
claim 3further conprising that, if said average alum num alloy particle size

is tipli [ ¢ r S Al [ ' f - 6
DL 2005 2) et AP B S o SNSRI P at BV R B BRI sk
process to. manufacture an al um num obj ect having a conpl ex shape,
coinP@pﬁ'ﬁfng'provi di ng a powder of alum num particles having a first average
size; providing a powder of silicon carbide Farticles having a second

aver age spreyiding a first powder of aluminum alloy particles having a first average size;

praviding a second powder of particles, of a material known to form a eutectic
mixture with aluminum oxide, having a second average size;

forming a eutectic mixture by mixing said powders together in a relative
concentration by weight and then adding a binder, thereby forming a feedstock;

injecting said feedstock into a mold théreby forming a green part;

releasing said green part from said mold and removing all of said binder, thereby
forming a skeleton;

heating said skeleton at a temperature sufficient to melt said eutectic mixture,
thereby facilitating sintering of said aluminum alloy partictes to form said object to a density
that is at least $5% that of bulk; and

wherein said relative weight concentration of each powder is in inverse proportion

to its average particle size.

4. The process described in claim 3 wherein the ratio (aluminum alloy particle

size):(additive particle size) is {3-5):(7-13).

5. The process described in claim 3further comprising that, if said average aluminum

alloy particle size is nmultiplied by a given factor, then said weight concentration of

-17-



addi ng a concentration of at nost 5% by wei ght of said silicon carbide
powder to said alum num powder, m xing said powders together, and then
adding a binder, thereby formng a feedstock; injecting said feedstpgy b 0
a nold thereby formng a green part; releasing said green part fromsaid
nmol d and renoving all of said binder, thereby formng a skeleton; and then
heating said skeleton for a period of tinme whereby said silicon carbide
particles facilitate sintering of said alum num particles thereby formng
said object to a density that is at |least 95%that of bulk. 7. The process
described in claim6 wherein said binder is an organic polyner. 8. The
process described in claim6 wherein the step of renoving all of said binder
fromsaid green part is selected fromthe group of sub-processes consisting

of Sﬁ‘dfﬁi%nhﬁﬁié%tkggyst@ﬁé%ﬁvi&é&%ﬁ@ﬁﬁg} alytic extraction, and

w cki'ng. e process ed in claim6 wherein the step
of heating said skeleton further conprises heating at a tenperature of
about 300C for about one hour followed by heating at about 640C for about
one hour, both heat treatnents being perforned under a vacuum of |ess than
0. 016t or r A process to manufacture an aluminum object having a complex shape, comprising:

providing a powder of aluminum particles having a first average size,
providing a powder of silicon carbide particles having a second average size;
adding a concentration of at most 5% by weight of said silicon carbide powder to

said aluminum powder, mixing said powders together, and th-en adding a binder,

thereby forming a feedstock;

injecting said feedstock into a mold thereby forming a green part;

releasing said green part from said mold and removing all of said binder, thereby
forming a skeleton; and

then heating said skeleton for a period of time whereby satd silicon carbide particles
facilitate sintering of said alurminum particles thereby forming said object to a density that

is at least 95% that of bulk.
7. The process described in claim 6 wherein said binder is an organic polymer.

8. The process described in claim 6 wherein the step of removing all of said binder
from said green part is selected from the group of sub-processes consisting of solvent

extraction, thermat treatment, catalytic extraction, and wicking.

-8



10. The process described in claim6 wherein the ratio (alum num average
particle size):(silicon carbide average particle size) is (3-5):(7-J€)UL%&
The process described in claim10 wherein said weight concentration H 6
silicon carbide is proportional to the ratio of said second average size to
said first average size. 12. A process to manufacture an al um num obj ect
havi ng a conpl ex shape, conprising: providing a powder of alum num
particles having a first average size; providing a powder of netallic
fluoride particles having a second average size; adding at nost 5% by

wei ght of said netallic fluoride powder to said alum num powder, m xing
sai d powders together, and then adding a binder, thereby formng a
feedstock; -19 - 6 JUL 2006 injecting said feedstock into a nold thereby
form ng a Theproopas desecrdachisi clgims fivhenede thepaiep of veatsx daniosicietod fughevi ng
all of said binder, thereby formng a skeleton; and then heating said

skel elcpRpris@ls HaRRh Q@ t8mperaRrdBrASIY B0 BREBbIL dhd ha@ follBweRiasy) heatsy
facilitate sintering of said alum numparticles thereby form ng said object
to a at about 640°C for about one hour, both heat treatments being performed under a vacuum

of less than 0.01 torr.

10. The process described in claim 6 wherein the ratio {aluminum average particle

size)(silicon carbide average particle size) is (3-5).(7-13).

11. The process described in claim 10 wherein said weight concentration of -
silicon carbide is proportional to the ratio of said second average size to said first

average size.

12. 5 process to manufacture an aluminurn object having a complex shape, comprising:
praviding a powder of aluminum particles having a first average size;
praviding a powder of metallic fluoride particles having a second average size;
adding at most 5% by weight of said metallic fluoride powder to said aluminum
powder, mixing said powders together, and then adding a binder, thereby forming a

feedstock:

-19-



density that is at least 95%that of bulk. 13. The process described in
claim12 wherein said netallic fluoride is selected from the group

consi sting of NaF, CaF, and MgF. 14. The process described in cl ai mbLgUL 2006
wherein said binder is an organic polyner. 15. The process described in
claim12 wherein the step of renoving all of said binder fromsaid green
part further is selected fromthe group of sub-processes consisting of

sol vent extraction, thermal treatment, catalytic extraction, and w cking.
16. The process described in claim12 wherein the step of heating said

skel eton further conprises heating at a tenperature of about 300C for about
one hour followed by heating at about 640C for about one hour, both heat
treatments being perfornmed under a vacuum of less than 0.01 torr. -20 - 6
JUL 2006 linjectimg saiddesdstdek ¢miolkechdld tiedrabm fdenivges green peartr ati o (al um num
average particle size): (netallic fluoride average particle size) is

(3-5): (7- ]f@leaéliﬁg ﬁx@b?@&ﬁ%a?ﬂrﬁ%?&@%d&ﬁ% Q‘é{“é\"éaﬁ?d'b%é%é’r%}/ng a

conpl ex shape, onpri-si ng: provi um num al loy partic
vt g B oGS S 2

then heating said skeleton for a period of time whereby said metallic fluoride
particles facilitate sintering of said aluminum particles thereby forming said object to a

density that is at least 95% that of bulk.

13. The process described in claim 12 wherein said metallic fluoride is selected from

the group consisting of NaF, CaF, and MgF.
14 The process described in claim 12 wherein said binder is an organic polymer.

15, The process described in claim12 wheregin the step of removihg all of said binder
from said green part further is selected from the group of sub-processes consisting of

solvent extraction, thermat treatment, catalytic extraction, and wicking.

16. The process described in claim12 wherein the step of heating said skeleton further
comprises heating at a temperature of about 30G°C for about one hour (allowed by heating
at about 840°C for about one hour, both heat treatments being performed under a vacuum

of {ess than 0.01 torr.

-20-



provi ding a powder of silicon carbide particles having a second average
size; adding a concentration of at npbst 5% by weight of said silicon
car bi de powder to said al um num all oy powder, mixing said powders-tfiodit2idr
and then adding a binder, thereby formng a feedstock; injecting said
feedstock into a nold thereby formng a green part; releasing said green
part fromsaid nold and renoving all of said binder, thereby formng a
skel eton; and then heating said skeleton for a period of tinme whereby said
silicon carbide particles facilitate sintering of said alum num all oy
particles thereby formng said object to a density that is at |east 95%
that of bulk. - 6 JUL 2006 19. The process described in claim 18 wherein
said alum numalloy further conprises alumnumand up to 10 total percent
by wdi7ght Tofe proeess demceibeet ial dasel 2owbdrdin one rato (ghuotipucoasésigengartticFe,

i Mh, My, Cu, Zn, N, Pb, Sn. and Ti. 20. The process described in claim

‘é’&%?j‘?hw@té[h@fl§b?i€e03verr§§@ﬁa'ﬂgc,la|§:zé§f|s§§11ﬂ (pipgler  fromsaid green part is

selecte fromthe group of “sub-processes consisti'ng of solvent extraction,
thermal treatnent, catalytic extraction, and w cking. 21. The process
described in claim18 wherein the step of heati ng said skel eton further
conpri ses heating at a tenperature of about 300' C for about one hour
fol |l oned by heating

18. A process to manufacture an aluminum alloy object having a complex shape,
comprising:
providing a powder of aluminum alloy particles having a first average size;
providing a powder of silicon carbide particles having a second average size;
adding a concentration of at most 5% by weight of said silicon carbide powder to
said aluminum alloy powder, mixing said powders together, and then adding a binder,
thereby forming a feedstock;
injecting said feedstock into a mold thereby forming a green part;
releasing said green part from sa:d moid and removing all of said binder, thereby
forming a skeleton; and
then heating said skeleton for a period of time whereby said silicon carbide particles
facilitate sintering of said aluminum alloy particies thereby forming said object to a density

that is at least 25% that of bulk.



at about 6400C for about one hour, both heat treatnents being perforned
under a vacuum of less than 0.01 torr. 22. The process described in claim
18 wherein the ratio (alunminumalloy average particle size):(silicoh JarBlsde
average particle size) is (3-5)i(7-13). 23. The process described in claim
22 wherein said weight concentration of silicon carbide is proportional to
the ratio of said second average size to said first average size. 24- A
process to manufacture an al um num al |l oy object having a conpl ex shape, -22
- 6 JUL 2006 conprising: providing a powder of alum num alloy particles;
providing a powder of netallic fluoride particles; adding at nost 5% by

wei ght of said netallic fluoride powder to said alum numalloy powder,

m Xxi ng sai d powders together, and then adding a binder, thereby formng a

f eedsthck; Thepectisaglesaiined eedstindi whioeia said diurhieuehallbe foitngr corgpeses
part; releasing said green part fromsaid nold and renoving all of said

bi ndefjyrfiReheNg ub W MOGtA SarebRE BP welBft of one or more metals selected from the

group consisting of Fe, S1, Mn, Mg, Cu, Zn, Ni, Pb, Sn, and Ti.

20.  The process described in claim18 ‘wherein the step of removing alf of said binder
from said green part is selected from the group of sub-processes consisting of solvent

extraction, thermal treatment, catalytic extraction, and wicking.

21. The process described in claim, 18 wherein the step of heating said skeleton further
comprises heating at a temperature of about 300°C for about one hour followed by heating
at about 640°C for about ane hour, both heal treatments being performed under a vacuum

of less than 0.01 torr.

22. The process described in ciaim 18 wherein the ratio (aluminum alloy average

particle size).(silicon carbide average particle size) s (3-5}:.(7-13).

23. _The process described in claim 22 wherein said weight concentration of
silicon carbide is proportional to the ratio of said second average size to said first -

average size.

24.  p process to manufacture an aluminum alloy object having a complex shape,



then heating said skeleton for a period of time whereby said netallic
fluoride particles facilitate sintering of said alum numalloy particles
thereby forming said object to a density that is at |east 95% t hat 6afUL006k.
25. The process described in claim24 wherein said alum num alloy further
conprises alum numand up to 10 total percent by weight of one or nore
netals selected fromthe group consisting of Fe. Si, Wi, My, Cu, Zn, N,

Pb, Sn, and Ti. 26. The process described in claim?24 wherein said netallic
fluoride is selected fromthe group consisting of NaF, CaF, and MgF. 27. The
process described in claim24 wherein said binder is an organic polynmer. - 6
JUL 2006 28. The process described in claim 24 wherein the step of renoving
all of said binder fromsaid green part is selected fromthe group of
sub-¢wapdsis@s consi sting of solvent extraction, thermal treatnent,

catal ytic extraction, and w cking. 29. The process described in claim?24

wher ei n tB?ov? iﬁg%&?@%&??g@ﬁg@ﬁ?ﬁ% Egﬁid‘félgt her conprises heating at a

tenperature o our foll owed by heating at about
640C for abou@. one hourF 8ot#ﬂ@e b‘@tr at rrg.n s being performed under a vacuum
of |ess tREWIGNG2 pEwHer ghm '03 CEEPYHLEES bed in clai m 24 wherein the
ratio (alum num alloy average particle size):(metallic fluoride average
particl e 8fgay gtengyy-o84 by rvaight of said metallic fluoride powder to said aluminum atloy
powder, mixing said powders together, and then adding a binder, thereby forming a
feedstock;
injecting said feedstock into a mold thereby forming a green part;
releasing said green part from said mold and removing all of said binder, thereby
forming a skeleton; and
then heating said skeleton for a period of time whereby said metallic fluoride

particles facilitate sintering of said aluminum alloy particles thereby forming said object to

a density that is at least 25% that of bulk.
25.  The process described in claim 24 wherein said aluminum alloy further comprises
aluminum and up to 10 total percent by weight of one or more metals selected from the

group consisting of Fe, Si, Mn, Mg, Cu, Zn, NI, Pb, Sn, and Ti.

26. The process described in claim 24'wherein said metallic fluoride is selected from

the group consisting of Nal, CaF, and MgF.

27. The process described in ctaim 24 ‘wherein said binder is an organic polymer_



- 6 JUL 2006

28.  The process described in claim. 24 wherein the step of removing all of said binder
from said green part is selected from the group of sub-processes consisting of solvent

extraction, thermal treatment, catalytic extraction, and wicking.

29, The process described in claim 24 wherein the step of heating said skeleton further
comprises heating at a temperature of about 300°C for about one hour followed by heating
at about 640°C for about one hour, both heat treatments being performed under a vacuum

of less than 0.01 torr.

30. The process described in claim 24 wherein the ratio (atuminum alloy average

particle size):(metallic fluoride average particle size) ts (3-5):(7-13).



