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FI ELD OF THE | NVENTION The invention relates to formati on of objects,

. havi ng net-shaped and ot her conplex geonetries, fromalumnumand its

al I oys mnth particul ar reference to powder netal lurgy and nmetal injection
IR I NVENTI ON Al um num and its alloys are commonly used

in many 4 it such as cooking utensils, industrial mm‘mmmm mmm'e

photographlcuﬁﬁﬁ#ectors and storage equi pnment These materi ra

very inportant desirable attributes such as |ight weight. hi gh«ider mal

conductivity, non-magnetic, high strength-to-weight ratio. which are not

commonly found mother netal alloys. For cooking utensils, its |light

wei ght, high thermal conductivity and high corrosion resistance nmake it

very attractive for food preparation For industrial conponents, its

excel l ent corrosion resistance, high thermal conductivity and superior

strengt h-to-wej ght, rat]j o] i r i NS such as actuator

arnms in hard ékgﬂwav$6§3“§L§¥ﬁ§g§€¥9d§33W@@ﬂ%639@b8§§$ﬁ§§ For phot ographic

reflecters, it offers the advantages of high |ight reflectivity and

non- tarnlshlng characteristics Furthernore, the non-magnetic

characteristics makes BIEHA AEMHBEEIYENTEINel ectrical shiel ding purposes
such as bus-bar housi ngs or enclosures for other electrical equipnent

The invention relates to formation of objects, having net-shaped and other complex
geometries, from aluminum and its alioys with particular reference to powder metaliurgy

and metal injection moiding

BACKGROUND OF INVENTION

Ailuminum 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 alloys.

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

and electronic casings For photographic reflecters, it offers the advantages of high light



These al um num and al umi 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 with |ow capital investnent .but the nmethod is
not suitable for |arge volunme production because a new nold is required for
each cast piece Die casting offers high volunme capability and design
flexibility but the finished part is prone to internal porosity, blow holes
and undesirabl e flashing. Extrusion processes are sinple but the geonetry
is very limted In forging, the process offers good nechani cal properties
but Iimted shape conplexity and additional secondary operations needed.
Thus, all these processes are limted when applied to the production of

m ni aturi zed conponents in |large vol unes Anot her nmetal form ng process is
powder netallurgy where a nmetal powder is used and shaped into finished
parts that neet the di nmensional specifications of the finished article

or 1o mHBCHAY vaS g AR CAPIHEIFS VAT et MG TR ut

shape conplexity is restricted by the die conmpaction geonetry and the
powder fchansisrpligsymakes\aivainun peef| (o elesirgRhe BIING PYTROSRRTHEASBPIFWRET i el d
with many patents filed and issued over the fast 20 years However, these

t end t ohbesihgsbt enclosures fmrmtherl edeainea &guwmentat eri al s such as iron,
stainless steels, lowalloy steels and tungsten all oys Wen used ma netal

i njection nolding process, alum numin powder formis found to be reactive,
rapidly formng surface oxide filns As a result, good nechani cal properties

and | ow i mpufitee Agdings ??Hoealﬁlr‘n e Hlidystif vaRS @ Sppli8ieidtfa58e Fifoc‘é’g'?éd in

nfrf
sintering process Is enployed These oxide filns are not easily renoved or

reduced nfac%ry élpér%n{ %?9”Forpé>%%§,e§ sfwgﬁe and investment casting process can offer

design flexibility with low capital investment but the method 1s not suitable for large
volume production because a new mold is required for each cast piece Die casting offers
high volume capability and design flexibiity but the finished part 1s prone to internal
porosity, blow holes and undesirable flashing. Extrusion processes are simpie but the
geometry i1s 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_al forming process i1s powder metallurgy where a metal powder 1s used
and shaped into finished parts that meet the dimensional specifications of the finished
article along with excelient shape complexity minimal ievel of porosity and httie or no
material wastage Powder metallurgy 1s well known in this field but shape complexity 1s

restricted by the die compaction geometry and the powder flowability.
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© produci ng net-shaped and conplex parts via alum num powder are limted

Wi | e powder netal |l urgy pressing operation may provide high green strength
. through sufficient pressure. nmetal infection nolding is not known to
produce netal parts from al um num powder A routine search of the prior art
was performed with the follow ng references of interest being found US
4,623, 388 describes a process producing a conposite material A matrix of

al umi numreinforced by silicon carbide particles The concentration of
silicon carbide was much greater than concentrations used to pronote
sinterability (as in our invention) Oher exanples of alum numall oy
conposite can be found in US 4,973,522 and in US 6,077,327 In these
processes the purpose of adding silicon carbide info alum numis for high
pressure conpaction (nold tenperature has to be higher than nelting point
of al um num 660 C) Thi s is not applicable to the present invention where
nold tenp is no than 150 C These processes seek to enhance

t her mal condd\ﬂ?t?{/ﬁ!ﬁcé'@” MP'F‘H@ (MIM} sraneteer et il wa) manyr iRt fehairier
metal | urgy process where the green part already has very hi gh density
(about 9Gsuedy®E thauesiAPyeary Eowerery these Jendito berinmiad tPIReTMQy eSS eppleve.
addition of silicon carbide has to be substantial to see the effect In US
5, 057, 90Baterbis susteasfronl staminssstaald, Biw-albmynsteals @ndeungsten slieys iWheo upednot e
thermal conductivities in thernoplastic based material) while US 6, 346, 133
descri bep aictdl hperch poNdied pesRRS Silmanen copdwaddrifogn s louadno earrbacteeas an
all oyi ng powder Here silicon carbide is added into iron-based or nickel

based powglediy 1eslRg siHgke B&@%&%g ABG faisgh éé&@%éﬁéﬁx@algﬁﬂg@ﬁnék UAd 1bR-
enhance strength ductiTity, and machine-ability In US 657, Daver

teaches prodHehi QL ofe GHILR 1S Aol -E§ardlesB ¥ WratbRldhingSrBless 1s employed

These oxide films are not easily removed or reduced For this reason. processes for
producing net-shaped and complex parts via aluminum powder are limied While powder
metallurgy pressing operation may provide mgh green strength through sufficient pressure.

metal injection molding s not known to 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 reinfarced by silicon carbide particles. The concentration of silican 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 purpase of adding silicon carbide into aluminum is for
high pressure compaction (mold temperature has to be higher than melting point of

aluminum, 660 °C) This 1s not applicable to the present invention where mold temp 1s not



especially porous sintered bodies, fromparticles of metal having a
refractory oxide coating. A mnor proportion of a flux is mxed with the
particul ate netal before sintering to aid in renoving-oxide from surfaces
of the metal particles The particulate netal may be al um num wth which
there may be m xed a mnor proportion of particles of an alloying el enent
The flux may be a m xture of potassium fluoal um nate conpl exes, the residue
of this flux, after sintering, provides a coating that aids in protecting
the sintered article against 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 _.i _ In US Patent No f 262,150 entitled "Feedstock and Process
for Metal Inlect:on Mlding ; it a reported that new border additives can
enhance solid | oading for many materials including alum num but alum num
:n powder form as nentioned earlier, is reactive and will not exh:ba good

si nt eri nGofRavi'8Y | CpHrese-rREptesses $eei 1R EBNANGFIRRF! By st eesdn e BiNt&se t o
renove the binder SUWARY OF THE I NVENTION It has been an object of at

| east on€OBRASHE| ThatrepEsenia RAVKISE AetlN(ayRrOCRSS SRt Hpi HIeeuPHF e3gY Ny
manuf acturing al um num and alumnurn alloy, objects of snall size and

i ntri cat eery thaghedensity f alegut &) -« % bputahape gepmetie e ey dimient Toey faqeirptiee ent
i nvention has been that said process be based on netal :n~ect:on nolding
Still anaddiesn objiemin qarbigé haeas be cabstanta do seatheoéffedie present ~nvent: on
has been that said process be conpatible with netal :n~ect:on nolding as
practiced for other '

In US 5,057,803, the use of aluminum and silicon carbide particies I1s to promote
thermal conductivities in thermoplastic based, matenal, while US 6,346,133 describes
metal based powder compositions containing siiicon carbide as an alloying powder Here
silicon carbide 1s added into wron-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 munor proportion of a flux 1s mixed with the particulate metal before sintering
to aid in removing-oxide from surfaces of the metal particies The particulate metal may be
aluminum, with which there may be mixed a minor proportion 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 articie
against corrosion  An important feature of the Daver process 1s that the product after
sintering has high porosity (and low density) In fact. one application of the process is for

the produchion of filters
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materials _;  These objects have been achi eved by m-xng a conposition of
el enrental powders into a feedstock that includes alum num mthe anount of
at | east 95% by weight, the rest being silicon carbide or a netallic
fluoride ~n an amount sufficient for the required density and strength The
process includes nolding the feedstock into the form of conpacted itens
such as heat sink and then sintering the conpact itens at sintering
tenperature of between 600 C and 650 C. The sintering tenperature of the
alloy is between 600 Cto 650 C meither vacuum or rntrogen or argon
at nosphere In the desired alloy, it conprises approximately 97% by wei ght
of Al, and the rest 3% by weight of silicon carbide or netallic fluorides
with a sintering tenperature of between 600 C and 650 C and a sintering
time of approximately 60 m nutes ma vacuum at nosphere of < 0 07 torr The
techni cal advantage of the alum numalloy of the present invention ~s that

it isrelatwely to source for the alloys. Alunminum $Silicon Carbide
and netal lic ¥l ldgfpls 8a Np b ggg;gp@nﬂ{k,d %%MMGF% rLM%‘PE”Wﬁ“PHWi de
The al um num al |l oys of the present invention can be easi I(}/ manuf actured in
| ar ge voMeigingc dndrieeeneg, thah newninfdat pH@HYRS 63rapBRanGedsdidzieadinadphar@ny
techni cal advantage of the present invention is that it can be net-shaped
., winaterexs ehdleting dilurangimobal atomouml inaraivdes dhami s mephopst easier,Lst t | e
or no secondary

reactive and will not exhucit good sintering behawvior, particularly since exposure to water

1s 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 alloy, objects of small size and

intricate shapes

Another.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 said process be compatible with metal injection molding as practiced for other

materials



operation is necessary to the finished parts Further, the present nvent-~on
all ows the manufacture of mrnaturized conplex geonetry of less than 1 g ,
wal | thickness of |ess than 0.3nm and surface finish of less than 0 5

m crons BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 is a histogram plotting
nunber of sanples against thickness FIG 2 is a flow diagram of the process
of the present invention DESCRI PTI ON OF THE PREFERRED EVMBCDI MENTS As

al ready noted, al um num has not been widely used for MMin the prior art
because of the tough oxide | ayer that grows on atum-num particles, thus
preventing netal netal bondi ng between the particles The present invention
teaches that the addition of a small anobunt of nmaterial that aids sintering
(by formng a eutectic mxture with alum num oxide) dissolves the latter
thereby allowi ng intimte contact between al um num surfaces The
concentration of the al um' num or al um num all oy (defined as al um num and up

to 10 total rcent b ht of ane, nore_netal s.sel ed fromthe_ group
cons~stng of pl&‘@seghec%ﬁ\ Sepgehigyed ﬁh/m"%g a§r?5“°£ﬁ'&'°‘h°(f ieéreaﬂt?l\f’eov‘f%?he
added sinteri n ai di n? material should be 95 - 99% b{ g\err%ht. The sel ection
and cont'ﬂlﬂaf?ﬁ PRk et BEIUsEP AIUTBURJRIGET RN R &25L 8% 9Pt 408 &8 pect
of the present nmvent~on The netal powder size and powder size d~stnbution
used to progsibeondaeige Af @ metelle fuendesndy %@‘é‘téHﬁ"&fqnéfﬁr ta% reureprIpEHY i es
of the ultimte products obtained Therefore, the nmetal powder size and
powder sarzestdersgtin ~ch\e~mnce;a§edclnﬂe$lquﬁle@§mfamémkdnodh%f@m eleerpamteds to
| npart maxi mum density and other desired properties to the alloys produced

As a keyidreasutheasafest bimkpnesrat sinferevgtthe cpmiphct iemehatssitteang téraperature of
(alum num particle size).(additive particle size) should not exceed 3 13,

with 3" $a6ks sbbef engeborddi tional Iy, concentration by weight of both
al um num and the additive are minverse proportion to their average

particle sizes Thus, for exanple, ~f the average al um num panicle size is
doubl ed, then the meight

The sintering temperature of the alloy 1s between 600 °C to 650 °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 fluondes with a
sintering temperature of between 600 °C and 650°C and a sintering time of approximately

80 minutes mn a vacuum atmosphere of < 0 01 torr

The technical advantage of the aluminum alloy of the present invention 1s that it 1s
relatively easy to source for the alloys. Aluminum, Silicon Carbide and metaliic fluorides

are easy to buy from powder manufacturers woridwide

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

volume economically in many iniricate shapes and sizes

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

=)=



concentration of alum num particles nust be cut ~n half Preferably, the

al um num powder shoul d have a nean particle size of about 1 to 15 m crons
and additives like silicon carbide or netallic fluorides have a nean
particle size of 1 to 50 mcrons Only a snmall percentage of the m x needs
to be the sintering aiding el enent since the eutectic I~quid will be
gradual |y squeezed out from between ai um-num particles as they bond to one
anot her, ending, eventually at the surface If the additive particles are
too large, there will be too few of themdistributed throughout the mx If
the weight fraction of additive material is too |arge, the excess additives
wi Il not go through the reaction. rema~n~ng mtheir or~gmal state with ;ts
associated high nelting tenperature They will not sorter, resulting m
unsntered | ocal structures The alum num silicon carbide and netallic
fluoride powders are available comrerc~aliy mthe required particle size
ranges The netal powder haV|n t he above conposition i hen mxed with a
bl asti c-#6n perlehd iR FAG PECTONGA b PREES oLk ISt BR SSaRnpeY
conpact ed usi ng heavy tonna resses and_m-ection nol ded usi ng

convent i GRATNPRSE NEERSSARY ¢R %*I*ﬁdn@%“%s':v\mqr KifoRigSED! 'PH%@”SQJiOI‘“’ISe‘Bem t he
art, organic polyneric borders are typically included ~n the nol ded

arti cl esrfapufactiee plmpsenzet chobigxagompivet isgetnaer guall thickagssafdesfethiended
prior to the sintering process An organic polymeric binder is preferred
over theOwatreenbdasddcdiimndEf Esotham® érmsuaingbl e pol yners since water may
react with the reactive al um num powder and accel erate the formation of the
surface oxide filmEssentially any organic material will function if it
wi | | deconpose under el evated tenperatures w thout |eaving an undesired
residue that will be detrinental to the properties of the netal articles
can be used ~n the present Invention Preferred materials

BRIEF DESCRIPTION OF THE DRAWINGS
FIG 11s a histogram plotting number of samples against thickness

FIG. 21s 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 matenal that aids sintering (by forming a eutectic mixture with aluminum



are various organic polyners such as stearic acids, nrcropul var wax,
paraui n wax and pol yet hyl ene The feedstocks are then either conpacted or

. mectron nolded In particular, the metal powder can be rn~ectron nol ded
usi ng conventional rn~ectron nolding machines to formgreen articles The
di rensions of the green articles are determ ned by the size of the tooling
used, which in tumis determ ned by the dinensions of the desired finished
articles, taking into account the shrinkage of the articles during the
sintering process Simlarly, the netal powder can be pressed with either
hi gh tonnage hydraulic or nechanical press in a die to forma green part
After the feedstock has been conpacted or m-ection nolded into the desired
shape, which can be conplex in geonetry, the binder is renoved by any one
of a nunmber of well known debi ndng techni ques available to the netal
infection nmolding industry such as. but not limted to, solvent extraction

t her mal , cataﬁig c or ckln Suag I th gw formed articl
ff om whi XoeHESSlEadhe RS ety drageimume e R et PR BTV AR ep i n
any one of a nunber of furnace types such as, but not limted to, batch
vacuum continuous atnosphere or batch atnosphere Preferably. the sintering
process rs carried out in batch vacuum furnace as at is efficient and
economi cal  Tihecanskeimatiop el e alumpipom oredurpnamedioy seefinedrast demigium and v
process is inportant It is desirable that a nmaterial which does not
deconpos® Ul totz petcentigereighiiemeny rcoednetasnsledet fromshealgooamcorsstinoget as a
supporting plate for the articles mthe furnace

Fe, Si, Mn, Mg, Cu. Zn. N1, Pb, Sn, and Ti) relative to the added sintering aiding material

should be 95 — 99% by weight. The selection and control of the metal particle sizes in the

powder I1s an important aspect of the present invention The metal powder size and powder

L

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 1s 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 1 to 15
microns and additives like silicon carbide or metallic fluorides have a mean particle size

of 1 to 50 microns Only a smali percentage of the mix needs to be the sintering aiding
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Contam nation of the netal alloys can occur if su~tabie plates are not used
For exanple, a graphite plate ~s not usable as it may react with the

., alum num al l oys used mthe present invention Sintering is carried out with
sufficient tinme and tenperature to cause the green article to be
transforned into a sintered product, i.e a product having densay of at

| east 95% of theoretical. preferably at |east 99% of theoretical Sintering
processes suitable for producing alum num alloys require special attentions
to prevent common defects such as warpage. cracking, and non-uniform
shrinkage by the articles Sintering can be carried out meither vacuum or
nitrogen or argon atnosphere, preferably a vacuumflf -less than O 01 torr
or gases with relatwe hum dity and oxygen content |less than 0.6l. The
tenperature is vanped up gradually fromroomtenperature to the sintering
tenperature at a ranp race of 25 C lhr to 45 dhr TypicaIIy t he
tenperature is between 600 C to 650"C for 30 to 90 m nutes. A good vacuum
of |ess taiement stserthaeutache savidgvll BRgEadHally SanpeFed R\ iR bekwaan aminum
tenperature uniformty in the furnace which mturn bungs about even and

uni f or m startigiRage thdy bong rencarahen BaCIOE. eyentually. at the egrfecarulé thepeddibveen
during sintering Too rapid a tenperature ronping rate and insufficient

si nt er i ngpartegsaratan lergenthere well bé tdo fewsafltihermdisiabyed throt:gloeut dfie advunif them
al | oys whi ch have poor properties mtermof density, strength, inconsistent
shri nkageyeftitdgicliort of zaiadivé eatdridk &.tod\targex angpdxeeed addisvastveil inaggp tabugte thehi ch
has been found to be particularly effective for manufacture of al um num

st eel ef ifeaghdNtremairdifire@eRUHgh# IsyatéwaBic ey setderited hightAgiting temperature

They will not sinter, resulting 1n unsintered local structures

The aluminum, silicon carbide and metallic fluoride powders are avallable
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 skilled in the art, organic
polymeric binders are typically included in the molded articles for the purpose of holding
them together until they are debinded prior to the sintering process An organic polymeric
binder i1s preferred over the water-based bhinders or water soluble polymers since water
may react with the reactive aluminum powder and accelerate the formation of the surface

oxide film

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

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



present invention involves heating the green articles mvacuum of |ess than
0 01 torr fromroomtenperature to 300 C ~n 30 C I hr and ma~ntam at t hat
tenperature for about 05 1 Chr. The ranp rate ~s then increased to 50 C
lhr unti | the tenperature reaches the sintering tenperature of 600 C - 650
C, maintaining for 30 - 120 mnutes The tenperature is then either cool ed
gradual ly or rapidly cooled using inert gases such as argon or nitrogen by
the cooling fan of the furnace The physical dinensions and wei ght ~f the
sintered alum num all oys are consistent frombatch to batch The variability
of dinmensions and weights wthin the sane batch ~s m ninmal C ose tol erances
of di nensions and wei ght can be achi eved and thus elimnates the need for
secondary machnr~ng processes which can be costly and difficult After the
s~nt enng process has been conpl eted, alum num alloy parts nmanufactured
according to the teachings of the present ~nven;ion can be renoved fromthe
sintering _i,_ furnace and used as rs or it can be subjected to

vel | - knoah€ Y8R OrGRTHF PRWEHYIAYS, BDEEAET GRESSTHAOREVE] W% S8TFEA HigFnd
process to clean the sintered surface and tunbling to snooth off sharp
edges. Tholygtuteneum al | oys produced in the present invention can be used in
a variety of different industrial applications in the sanme way as prior art
al um num al | oys, their nost val uabl e applications being rn areas where

hi gh, conpi exity or mniaturization are required The sintered al um num of

t he present i MrHenéedsioackararbenarasither conpact ofl yyepnod owidkd e paa:cutar giver ange
of intricate shapes and profiles Variability in weight and physi cal

di mensi omdigtpaReer SaCIEE FiddibnPRSIESd LSiny ebliveriahbl Wiedtlonmeaiasgtradhimsio
sintering machi ni ng. and ot her mechani cal working can be totally elim nated

form green articles The dimensions of the green articles are determined by the size of the
tooling used, which in turn 1s determined by the dimensions of the desired finished articles,
taking into account the shrinkage of the articles dunng the sintering process Simularly, 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 1s removed by any one of a number of well

known debinding techniques available to the metal injection molding 1ndustry such as. but

not limited to, solvent extracuon, thermal, catalytic or wicking

Subsequently, the molded or formed articles from which the binder has been
removed are densified in 2 sintering step i any one of a number of furnace types such as,
but not hmited to, batch vacuum. continuous atmosphere or batch atmosphere Preferably.
the sintering process 1s carried out In batch vacuum furnace as it 1s efficient and

economical
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EXAMPLES In a doubl e-V bl ender nmachine, 68.670g of al um num powder having a
nmean particle size of 8 mcrons, 2,130g of silicon carbide powder having a
. nean particle size of 40 mcrons and 460g of stearic acids were bl ended for
4 hours. After a honbgeneous m xture had been obtained, the m xture was
transferred to a m xi ng machi ne The m xi ng machine is a doubl e-pl anetary
m xer where the bow was heated to 150 Cusing circulating oil .n the
doubl e-wal | ed bow The well blended powder m xture was placed inside the
bowl with the organic binders of 3.230g ofi m cropuivar wax, 3,230g of
sem -refined paraffin wax and 2, 310g of pol yethyl ene al athon The m xture of
powder and organi c borders took 4 5 hours to form a honpbgeneous
powder | brrder mi xture with the final hour being ~n vacuo The powder| brnder
m xture was then renoved fromthe m xi ng bow and cooled mopen air Once rt
was cooled and solidified at roomtenperature, rt was granulated to forma
granul at ed feedstock The density of the granul ated feedstock was neasured
by a hel i um gdfeppleatercesuraeting latrs ¥der INgeniiEtad PIQPSERE TROGEEL | It
density An mr~ectron-nol ding machine was fitted wwth a nold for a
r ect anguldesirbble dhat Ehmatsnat ehet) dgesciot Hasorapesst il repetnigder sMNZFHOodL®Ne. x 3
5 mm Based on the expected snear sintering shrinkage of 10%, the nold rs
10% | ar gejuchnagl diudinzens wssdtdrn sbpporeng apigtel &or thleceRiclEsein the furnace
rn~ectron-nol di ng conposition was nelted at a conposition tenperature of
190 C anddrdrhRstidiofitid Metd1@iioRd eavbidih MRgabie plé8s Grefhbtalised EOOidngIé] Me

of about 20 seconds, the green parts were taken fromthe nold The green

rect angul ragllﬂ%c&at\é@sg nbidisdbREsi e HEN@ O HORUSHRIPO BlidyRAL Rk thedprd sBRS
heated to 300 Cat a rate of 30 C'lhr, held for an hour before heating to

640 C atrhdhe

Sintering is carried out with sufficient time and temperature to cause the green
article to be transformed into a sintered product, 1.e a product having denstiy of at jeast

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 ef4ess 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 /hr to 45 °C/hr
Typically the temperature 1s 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 1n the furnace which in turn brings about even and uniform shrinkage of the

articles in batch size



" of 50C hr., held for an hour, under a vacuumof less than 0 01 tort rn a

sintering furnace _m_ The sintering tine was 60 mnutes 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
taken to nmeasure the weight and its thickness and a histogramto show t he
d~str~butions was plotted The results as seen ~n FIG 1, show that the Cp(
(USL-LSL) I Ga where USL is upper specification lima and and LSL is | ower
specification limt) at 3 sigma distribution of the thickness di nension ~s
1 58 ). The process using vacuum sintering produced al um numalloys with
excel l ent process control rn termof dinension. Wwen a |inear tol erance of
O 5: is applied to the thickness dinension, the specification of thickness
woul d be 3 50 0 015 mm The Cpk ((USL-N} where N ~s the nean) would be 1 5~
The surface finish ~s Ra (roughness value ) of 0 8 to 1 6 mcrons. A
diagramillustrating the process flow of the present invention is shown m
FIG2 i; Weae nugst Gleatishenl dugnd sistgrmyc do9 rapidna temnpareiure rampaguaienamd

obj ect “having a conpl ex shape, compns~ng providing a first powder of

al um num pastlicierit @mtdragi temperature ahd aver adigesily &, thp poadutiting ol akeoowd ghoysler

of additive particles, known to forma eutectic mxture with alum num

oxi de, hayhiBB have @eenBropeaieddn t&in? 6f defisty Ngrestisl ipEuMSsientisPBIAkAR, fiBgaity
rel ati ve concentrati on by wei ght and then addi ng

and the like.

An exarn.ple of a sintering profite which has been found to be particulariy effective
for manutacture of aiuminum steel efficientiy and economically in accordance with the
present invention involves heating the green articles in vacuum of less than 0 01 torr from
room temperature to 300°C in 30°C /hr and maintain at that temperature for about 0 5 -
1 Ohr. The ramp rate is then increased to 50 °C /hr until the temperature reaches the
sintering temperature of 600 °C - 650 °C. mamntaining for 30 — 120 minutes The
temperature 1s then either cooled gradually or rapidly cooled using inert gases such as

argon or nitrogen by the cooiing fan of the furnace

The physical dimensions and weight ef the sintered aluminum alloys are consistent
from batch to batch The varnability of dimensions and weights within the same batch 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



a border material, thereby formng a feedstock, m-ectng said feedstock into
a nold thereby formng a green part, ,, releasing said green part fromsaid
nold and renoving all of said border thereby form ng a skeleton, icy
heati ng said skeleton at a tenperature suff~c~ent to nelt said eutectic

m xture thereby facilitating sintering of said alum numparticles to form
said object to a density that is at |east 95%that of bulk; and wherein
said rel atwe wei ght concentration of each powder is minverse proportion to
its average particle size 2 The process described in clam 1l wherein the
ratio (alum numparticle size) (additwe particle size) is (3-5) (i -13 ) 3
The process described in claim1 further conprising that, if said average
al um num particle size ~s multiplied by a gwen factor, then said weight
concentration of alumnum z~> particles is to be divided by said factor

-0~ 4 A process to manufacture an alum num al |l oy object having a conpl ex
shape. conprising providing a first powder of alum numalloy particles

havi ng a ffiinast andeussgkasizer itpranvbelisnbeatesetc onddi-puavde cooverp@ntl s¢@sndanf a
material known to forma eutectic mxture with alum num oxi de, having a
second avRlepdRnSisteh aBiaXdiBgk Seadingpratess tbegrinae sifler@dreirfate vad tumbling
concentration by weight and then adding a binder, thereby formng a

f eedst ocky siabecést Biarp@iadet eedst ock into a nold thereby formng a green
part.

The aluminum alloys produced 1n the present invention can be used in a variety of

different industrial appiications 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 profiies Varnability in weight and physical
dimension between successful parts 1s very small which means that post sintering

machining and other mechanical working can be totally eliminated

EXAMPLES
In a double-V blender machine, 68.670g of aiuminum powder having a mean
particle size of 8 microns, 2,130g of siiican carbide powder having a mean particle size

of 40 microns and 460g of stearic acids were blended for 4 hours. After a homogeneous

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

The mixing machine is a doubie-planetary mixer where the bow! was heated to 150



rel easing said green part fromsaid nold and renoving all of said binder
thereby form ng a skeleton. heating said skeleton at a tenperature
sufficient to nelt said eutectic mxture thereby facilitating sintering of
said alumnumalloy 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 proportioni ~ to its average particle size . 5
The process described in claim4 wherein the ratio (alum numalloy particle
size) (additive particle size) is (3-5) (7-13) 6 The process described in
claim4 further conprising that, if said average alum numalloy particle
size is nultiplied by a given factor, then said weight concentration of

al um num al l oy particles a to be divided by sand factor 7 A process to
manuf acture an al um num obj ect having a conpl ex shape, conprising providing
a powder or alum num particles having a first average size, providing a
powder of silicon carbide particles having a second average size, a adding
at nost 5% lynyeiagldtingfoilsatit sodbieoralledbbivd & eomeleblended powdat mmiutamas
powder, m xing said powders together, and , xhen addi ng a bi nder, thereby
form ng aif@rOnteEkhe bBWEHIth itk S@athcf Metks @f B.2304@f antfobdivehebr B/ 28wy 6f Ny a
green part, releasing said green part fromsaid nold and renoving all of
said bin 1 b e | i heati ng sai d skel eton
for a pe%%@dg%ﬁeﬁﬁyn%émiég{)@%ggﬁgogFféggﬁﬂglgﬁg%%n%grti cles facilitate
sintering of said alum num particles thereby formng said object to a
density that

The mixture of powder and organic binders took 4 5 hours to form a homogeneous
powder/binder r%’nxture with the final hour being in vacuo The powder/binder mixiure was
then removed from the mixing bowl and coq_led in open arr Once it was cooled and

v
sohdified at room temperature, 1t 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 250 x 15.0 x 3 5 mm Based on the expected iinear
sintering shrinkage of 10% , the mold 1s 10% larger in all dimensions than the rectangular
block The injection-molding composition was meited at a composition temperature of 190
°C and injected into the mold which was at 100 °C After a cooiing 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, held 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



" rs at |least 95% that of bulk 8 The process described rn claim7 wherein
said binder rs an organic polynmer i ~ 9 The process described in claim?7
_ wherein the step of renmoving all of said binder fromsand green part rs
selected fromthe group of sub-processes consisting of solvent extraction,
thermal treatnent, catalytic extraction. and wicking _ns_ 10 The process
described in claim7 wherein the step of heating said skeleton further
conprises heating at a tenperature of about 300C for about one hour
foll owed by heating at about 640C for about one hour, both heat treatnents
bei ng performed under a vacuumof |less than 0.01 tort s 11 The process
described in claim7 wherein the ratio (alum num average particle
s~ze).(silicon carbide average particle size) ~s ,(3-5) (7-13) 12 The
process described mclaim11l further conprising that, if said average
al um num particle size is multiplied by a given factor, then said wei ght
concentrat~en of silicon i~~ carbide is also to be nmult~ptied by said
fact or 17hElsentpnre e Rt Myudes At B4AIGHard eesivienng irnace wias drerceadede
powder further conposes particles whose average size ~s between about 1 and
50 mi cr omdusiGavé gprentegmidr dlomkravact exaetintheatarmgandmerisiegst havi ng a conpl ex
shape, conprising providing a powder of alum numparticles having a first
average size, i ~ providing a powder of nmetall~~ f | uonde particles having
a second average size, adding at nost 5% by weight of said netallic

fluoride powdglsahBieSai195lcH B itidtarRRIH Block Wad ke tImeaYEe the ot Bk tsand
then addi ng a binder thereby formng a feedstock,

thickness and a histogram to show the distributions was piotted The results as seen in
FIG 1, show th_at the Cp( (USL-LSL)/6c where USL is upper specification imit and and
LSL 1s lower specification hmit) at 3 sigma dlstr'!butlon of the thickness dimension is 1 58
The process using vacuum sintering produ;ed aluminum alloys with excellent process
control in term of dimension. When a linear tolerance of O 5% is applied to the thickness
dimension, the specification of thickness would be 3 50 +0 015 mm The Cpk ((USL-p}

where p s the mean) would be 1 55 The surface finish 1s Ra (roughness value) of 0 8 to

1 6 microns.

A diagram illustrating the process flow of the present invention 1s shown in FIG 2



~n~ectng said feedstock into a nold thereby form ng a green part, releasing
said green part fromsaid nold and renoving all of said binder thereby

_ formng a skeleton, and then heating said skeleton for a period of tine
whereby said netallic fluoride particles facilitate sintering of said

al um num particles thereby formng said object to a density that is at

| east 95% that of bulk 14 The process described in claim 13 wherein said
nmetallic fluoride is selected fromthe group consisting of NaF, CaF, and
MyF 15 The process described in claim13 wherein said binder is an organic
polymer iii 16 The process described in claim13 wherein the step of
renmoving all of said binder fromsaid green part further is selected from

t he group %gbdg{ngg@éses consi sting of solvent extraction, thernal
treat ment, ' y=~t1~ extraction, and wi cking 17 The process described in

claim 13 wherein the step of heating said skeleton further conprises
heating at a tenperature of about 300 C for about one hour followed by
heating il> atA&MS&ess BUOERUEHHAIUBINSTHIIAC! NBERG 2 1$eEPIaXrSE@PReFRRP ¢ty
perfornmed under a vacuum of less than 0 01 torr " _ 18 The process
descri bed i n prloaidmglBfirshpowder dfreumatuiropgratienihavmga/nshgeerpge sizel e
size).(metaliic fluoride average particle size) is (3-5) (7-13) 19 The
process descrpiogding £ 5edomdbwder oheddio waTpartgieB gkridver to fofmspede@wenadfe
alumnums particle size is multiplied by a given factor, then said weight
concent r ghth @iLrthuRBH@d having a second average size,
3 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,
Lo heating said skeleton at a temperature sufficient to melt said eutectic mixture
thereby faciitating sintering of said aluminum particles to form said object to a density that
1S at least 35% that of bulk; and

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

to its average particle size

15 2 The process described in clam 1 wheremn the ratio (aluminum particle

size) (additive particle size) 1s (3-5) (7-13)

3 The process described in claim 1 further comprising that, if said average aluminum
particle size 1s multipiied by a given factor. then said weight concentration of aluminum

20 particles Is to be divided by said factor

-16-



" fluoride is also to be nultiplied by said factor 20 A process to

manuf acture an alum num al |l oy object having a conpl ex shape, conpri sing

. providing a powder of alum numalloy particles. ~ providing a powder of
silicon carbide particles, adding at nost 5% by weight of said silicon
carbi de powder to said alum num all oy powder, m xing said powders together.
and then adding a border, thereby form ng a feedstock; infecting said
feedstock into a nold thereby formng a green part, i ~ releasing said
green part fromsaid nold 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 fac~i~tate sintering of said alum num all oy
particles thereby form ng said obfect to a density that is at |east 9~i
that of bulk _, 21 The process described in claim?20 wherein said

al um num al l oy further conprises alum numand up to 10 total percent by
wei ght of one or mare netals selected fromthe group consisting of Fe, Si,
Mh, My, Gu, ZA PNICesPHo nsnufagidreTan ZMnPREMa e 8RIeaeR2Y N E&dCPRPIEK HNFPE0
wherein the step of renoving all of said binder s fromsaid green part is
sel ect ed domgmstige group of sub-processes consisting of solvent extraction,
thermal treatnent, catalytic extraction, and w cking 23 The process

descri bed in eltaidm@a fwnétegostder bhelustieym afloypattictes reaing = kst averagé yrzeher
conprises heating at a tenperature of about 300C for about one hour

foll owed by headvidielg a second powder of particles, of a material known to form a eutectic
3 mixture with algmlnum oxide, having a second average size,
mixing sa]d powders together in a relative concentration by weight 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 ali of said binder thereby
1 forming a skeleton.
heating said skeleton at a temperature sufficient to melt said eutectic mixture
thereby facilitating sintering of said aluminum alloy particles to form said object to a density
that s at least 85% that of bulk; and
wherein said relative weight concentration of each powder 1s In inverse proportion

15 to its average particle size -

5 The process described In claim 4 wherein the ratio (aluminum alloy particle

size) (additive particle size) 1s (3-5) (7-13)

6 The process described in claim 4 further comprising that, if said average aluminum

20 alloy particle size 1s multiplied by a given factor, then said weight concentration of



at about 640C for about one hour, both heat treatnents being perforned
under a vacuumiii of less than 0 01 torr 24. The process described in
claim 20 wherein the ratio (alum num alloy average particle size):(silicon
carbide average partrele-size) is (3-5) (7-13) 25 The process described m
claim 24 further conposing that, if said average alum numi ~ all oy
particle size is multiplied by a given factor, then said wei ght
concentration of silicon carbide is also to be nultiplied by said factor 26
A process to manufacture an alum num al |l oy object having a conpl ex shape,
. conprising providing a powder of alum numalloy particles, providing a
powder of netallic fluoride particles, adding at nost 5% by wei ght of card
metallic fluoride powder to said alum num all oy powder, m xing said powders
toget her, and then adding a binder, thereby formng a feedstock, infecting
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 skeletOhvmﬁwd1ﬁkwhéﬁ“ﬂ%%ﬁﬂﬁ@eéaW§e§%éﬁéﬂdﬁdpbr a period of tinme whereby
said netallic fluoride particles facilitate sintering of said alum num
alloy particles thereby formng said object to a density that is at |east
95% t hat of bul k 27 The process described rn claim26 wherein said al um num
al | oy furzt her Acsropeds3e manbistiune ah anchinym bbedtthaveigad capepleestiagey compgihg of
one or nore netals selected fromthe

providing a powder of aluminum particles having a first average size,
providing a powder of siicon carbide particles having a second average size,
5 adding ét most 5% by weight of said silicon carbide powder to said aluminum
powder, mixing said powders together, and',then adding a binder, thereby formung a

feedstock,

Injecting said feedstock into a mold thereby forming a green part,
releasing said green part from said mold and removing ail of said binder thereby
10 forming a skeleton, and
then heating said skeleton for a period of ime whereby said silicon carbide particies
facilitate sintering of said aluminum particles thereby forming said object to a density that

Is at least 95% that of bulk
8 The process described in claim 7 wherein said binder 1s an organic polymer
15 9 The process described in claim 7 wherem the step of removing all of said binder

from said green part i1s selected from the group of sub-processes consisting of solvent

extraction, thermal treatment, catalytic extraction. and wicking



is group consisting of Fe, Si, M, My, Cu, Zn, N, Pb, Sn, and Ti 28 The
process described in claim26 wherein said netallic fluoride is selected
fromthe group consisting of NaF, CaF, and MgF 29 The process described in
claim 26 wherein said binder is an organic polyner ; 30 The process
described in claim26 wherein the step of renmoving all of said binder from
said green part is selected fromthe group of sub-processes consisting of
solvent extraction, thermal treatnment, catalytic extraction, and w cking 31
The process described mclaim?26 wherein the step of heating said skel eton
further conprises heating at a tenperature of about 300C for about one hour
foll owed by heating at about 640C for about one hour, both heat treatnents
bei ng perfornmed under a vacuum of less than 0.01 torr 32 The process
described in claim26 wherein the ratio (alum num all oy average particle
size):(metali~c fluoride average particle size) is (3-5) (7-13) 33 The
process described in claim32 further conpr~sng that, if said avera

al um num18l | oyhparacees @essnbed InClai £ wbPieé'atf*@)ﬁtap ghBeRtNGcT Y Skelaion fgrgh*a

wei ght concentration of netallic fluoride is also-to be nmultiplied by said
factor _ comprises heating at a temperature of about 300°C for about one hour followed by heating

A e. Ae. A9{ R A9{e. A" Uy. A{. A U ALhy. AR A . A e. A?. A, A?. AsUR AhR A, . A R AA? A
?. AR AR. Abebdut 680 ks w8 @ che hour, both heat treatments being performed under a vacuum

6>} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]lca]ca]ca]c
a] ca] ca] gplezaksad e:aha&al cal ca] cRa] cal 20

5 11 The process described in claim 7 wherein the ratio (aluminum average particle

size).(sihcon carbide average particle size) 1s (3-5) (7-13)

12 The process described in claim 11 further comprising that, if said average aluminum
particle size is multiplied by a given factor, then said weight concentraticn of silicon

1 carbide 1s also to be muttiplied by said factor

12 The process described in claim 7 wherein said silicon carbide powder further

comprises particles whose average size 1s between about 1 and 50 mucrons

13 A process to manufacture an aluminum object having a complex shape, comprising
providing a powder of aluminum particlies having a first average size,
13 providing a powder of metaliic fluoride particles having a second average size,
adding at most 5% by weight of said metallic fluoride powder to said alummum
powder. mixing said powders together. and then adding a binder thereby forming a

feedstock,
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fluonde 1s also to be multiphied by said factor

20 A process to manufacture an aluminum alloy object having a compiex shape.
comprising
providing a powder of aluminum alloy particles,
10 providing a powder of silicon carbide particles,
adding 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 moid thereby forming a green part,
15 releasing said green part from said mold and removing all of said binder, thereby
forming a skeleton; and
then heating said skeleton for a penod of ime whereby said silicon carbide particles
facilitate sintering of said aluminum alioy particles thereby forming said object to a density

that 1s at least 95% that of bulk
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22 The process described in claim 20 wherein the step of removing all of said binder
5 from said green part 1s selected from the group of sub-processes consisting of solvent

extraction, thermal treatment, catalytic extraction, and wicking

23 The process described in claim 20 wherein the step of heating said skeieton 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

10 of less than 0 01 torr

24. The process described in ciaim 20 wheremn the ratio (alumimum alloy average

particle size):{silicon carbide average partiele-size) 1s (3-5) (7-13)
25 The process described in claim 24 further comprising that, if said average aluminum

13 alloy particle size 1S muttiplied by a given factor, then said weight concentration of silicon

carbide is also to be multipiied by said factor

26 A process to manufacture an alummum alloy object having a complex shape,
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comprising
providing a powder of aluminum alloy particles,
providing a powder of metallic fluoride particles,
adding at most 5% by weight of saild metatiic fluonde powder to said aluminum alloy
5 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
1 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 denstty that 1s at least 95% that of bulk

27 The process described in claim 26 wherein said aluminum alloy further comprises
aluminum and up to 10 total percent by werght of one or more metals selected from the

15 group consisting of Fe, S, Mn, Mg, Cu, Zn, Ni, Pb, Sn,and T

28 The process described in claim 26 wherein said metallic fluoride ts selected from

the group consisting of Naf, CaF, and MgF

29 The process described in claim 26 wherein said binder i1s an organic polymer

'
(9]
PE
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extraction, thermal treatment, catalytic extraction, and wicking

31 The process described in claim 26 wherein the step of heating said skeleton further
5 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

32 The process described in claim 26 wherein the ratio (aluminum alloy average
particle size).(metallic fluoride average particle size) 1s (3-5) (7-13)

10
33  The process described in claim 32 further comprising that, if said average aluminum
alloy particle size s multiplied by a given factor, then said weight concentration of metallic

fluoride I1s alsoto be multiplied by said factor:
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