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NEAR LI QUI DUS | NJECTI ON MOLDI NG PROCESS TECHNI CAL

FI ELD This invention relates to an injection nolding
wEe@eosS9d or naki ng near net-shape netal arti cP@rCAR®S/001707

in partic t cles

made fro Nbi{ka”@ ﬁ?%{/ngHgngA@ (?]g\? ISelllﬁli téErSn:St al s.

BACKGROUND OF THE | NVENTI ON. hi conventional casting,

the netal is superheated above its |iquidus

tenperature (i.e. thelECHNIGW BEERB the tenperature

above which the alloy is conpletely liquid). A mninmm

superheat is required to ensure that the netal does

Thidiberdidnirelafey tarEpc isempldimeprotess fdmhakingwevar fmlsﬁhp%gnetal articles
thinwal | ed nol ded articles. Superheating netals whic

and iy partieubarerelates s thirawildesd mhetsl asticlesTardeTomm setadic aloyh paé!lcularly light
gl?al | enges to provide and maintain an inert
mosphere. Articles which are cast from superheated
nelts often are not sound in that shrinkage porosity
and entrapped gases are not uncomon hi addition,
t hei r mechani c BAGKGROYWNDLOE JFHE 3N VENKION st r engt h,
yield stress, and elongation suffer, and this is
attributed to am crostructure characterized by coarse
In cOiRhSh 2B HAE M thét8Ss subBAR @ HRIeGTTi qHRMSteRPBRAture (i.c. the liquidus
recogni zed and extensive work has been done'to find
beimy the temyeyausfabpyowbsbitgalletialcompletsly hqmd) nﬁrmvmntllhesuperheat 1s

ST P L7 G S SR B S ot
walféﬁ(ﬁﬁﬁ aﬁt@cﬁése QRPEHEES  FREAESH RN hiePrife tTRY {8 104 ldﬁéiﬂlant process

I gher mechani cal properties as a result of
contrblechghergeato pyovidé aral thaintiedl iger htnaysphérer ost r uct ure and
by reductions in alloy porosity. Mreover, sem-solid
processing techni ques provide further advantages in

Arti(:F:@(thﬂ%ré' &E@* %Jgﬁrérﬂe W LIPS HE RotQbyrddlA 1t élﬁ’ﬁﬁka%e é)orosity and

slurry provi onger useful life of the no '
entrapysed dabes aé @aocasbirmgpnreinhaiditioa, theirl me@lanm:hiepm]mrtlw’ﬂuck as tensile

and reduced anount of “thui d- netal .corrosi on caused ﬂb”¥ .
acterized

strepgicield Ftﬁ?fs’faﬂfi Fipngaion spferetngtis is atutedgagwigrstsir

byc%ggg &Y 26 d%#tﬁ-l pol ded article. Common semi-solid
proc SI ng t niques include sem solid injection

nmol di ng, rheocasting, and thixoformng. Sem -solid

injection nmolding (SSM is a netal s- %roces& ng
Thep@gqtheq@élay%laeeng@qqgmg angl @qtqpé}vg work has been don€ to find other ways of

processing metal alloys to improve the mechanical properties of cast articles. In particular,
through the use of well known semi-solid metal processing techniques molded articles may be
produced with much higher mechanical properties as a result of the generation of a favorable alloy
microstructure and by reductions in alloy porosity. Moreover, semi-solid processing techniques
provide further advantages in that the relatively low temperature of the alloy slurry provides for a
longer useful life of the mold than the die-casting method (e.g. lower thermal shock, and reduced
amount of liquid-metal corrosion caused by processing fully molten metals), and improved
molding accuracy of the molded article. Common semi-solid processing techniques include semi-

solid injection molding, rheocasting, and thixoforming.

Semi-solid injection molding (SSIM) is a metals-processing technique that utilizes a single

machine for injecting alloys in a semi-solid state into a mold to form an article of nearly net
1
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machine for injecting alloys in a sem-solid state
into a nold to forman article of nearly net(final)
WG b@pes05861 M i nvol ves the steps of partial mnele¢rgAaafos/001707

] i al b | - B
o SR AR P P ot
heat{rg tBeredf16 a3@hpétutsrdingentthelifedipamndithy ®lided @ thbsalidus being the

the alloy is conpletely solid) and then injecting the
tempsratnreybelew ovhichhiledilloy ie &ompletedy selifl)ianf dhen Byectag dhe slurry into a

S| M ayoi ds the .for [ f. dendritic f res. i .
molng HB0D Yo PECHPS R oy A B olgfioR it Tehiifes in the
micHSREtaE! of he!rh&Nar al®y, Renictebre g@h@faiﬂk BefictdaetonRe Barineatal to the

properties of the nol'ded article. The structure and

mechireg pofpesiss VI dreamolded artibled Thavstrustuse ded steps @ff YHM are described in
mor g S SRS e BB RGef represntnvention
prowgé’éd%efma{f@f arf Wit ¥eFdledc8 RURIRGS 1t gaftht €454303! 188 diBAbKI of which
, 494,703, the disclosure of which is herein
is héraia dnqoopoasted bpyefereficer ence. By contrast, rheocasting
refers to a process of manufacturing billets or nol ded
articles through casting or forging sem-solid
By (hkrad IJhQOC%LtFHg tefe?s ©3AVir0Gs@o AhSHFAGHN NG ety bSRORIEA Yrticled through
convent 1 onal rheocasting, nolten alloy is cooled from
casting®u fieging atredsodidanetalioslustes hawiog apretigameanet vswsity & ewmventional
the |iqujidus to convert dendriti& structures into
rheagattiag; meltenplloy iscpgled figmayperheaied styfe B rer gt teqipgratures below the
liquit @ ety d&ﬁ%ﬂg rérrﬁ@thr% Gih{o! dpRrica? :}i)ﬁﬁfc[eg RS If6r theocasting, for
stirring, gas bubbling, |owfrequency, highfrequency,
exa@plecheficclomighstirtiag vaaceroniapnaici saminge gachubbting, leWwedtdquency, high-
agitation, etc. Thixocasting refers to a, process
frequensy) QFi GRS IPERERAIC WAV VIDraios, ?Jﬁﬁﬂ?%lé{l‘lf’?‘é@“gtfﬂ“o Blgh
rheocasting back into a netal slurry and casting or
forging it to manufacture final nolded articles. For
Thixdeastpaefersoial roccSt. dvelvinpnichedting  balds manufaeased itirosglarheocasting
i mproved rheocasting nethod and extyruder_apparatus. for
back i gietd slarry @nd casbing ar 1osziag 1t4e p@pu%ﬂmer@mﬁ Hpided agficles.
solids content between 1 and 50% that is characterized
by structure and steps whereby nolten netallic alloy
For iafticé, alinitedl $tafes pateptesIoNINTT8 @dicialystaat inpiovel ahdetstinghagthod and
i s heated about 100 degree C hi%her than a |iqui dus
extrnderpppasatus for produsing peanieselidmetal pliay shrydaying a S(&ﬁé?@tw between 1

the all.oy,is cooled and agita . -
and S8R R K SR Oty o B M Py B Pl oy ppotri i
intréducEIRES &t bifitioh chdiebes afht-is Bédtell atiodt PICEEges ¢ higher than a liquidus
sem -solid slurry. United States patent application

temp@aiafOx 1iz3Boltenaneipilip awterial.iwhsrain B¢ alpviscaeled angl agitated by a cooled

and a r at us ,f.or. produci on-dendrjti .
sere§t BB Ao gy et eRSl REPdA e seriolig o produee
the §&dmi-solid slurry.

United States patent application 2004/0173337 describes an improved rheocasting method and
apparatus for producing a non-dendritic, semi-solid metal alloy slurry having a solids content of
about 10% to about 65% that is characterized by structure and steps whereby problems associated
with accumulation and removal of metal from surfaces of the apparatus contacting the slurry are

reduced or eliminated.
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about 10% o about 65%that is characterized by
structure and steps whereby problens associated with
wa@ewansised i on and renoval of metal from surfackSI/OA2108001707

. r.at N
O R4 R RSO0 S AerRLEy UE lod and pparts o
die 208hz0R0RIER GrllE&L idpds charabiefigdls by nguomidand atfs for applying an

apparatus for die casti nq nol ded articles that is . .
electrhmpgrstie ficldde st meliananeiplas Higbeinglpadeddnto g shryiforgningportion of a

el ectromagnetic fj.el ir l.te I it 0SS :
shotsigek WREHe e it § sBrtf vt ehoie RRonaR il e brior o it
tran§ﬂe€ﬁ)V£péM16$ BbiYioh RE tifd Shot Vedve. Pidfdrhislfl, theklitringQohfthtained until the

below its Tiquidus tenperature prior to its transfer . i
slurryoachieyessa sohid %Ipcﬂicm' ip theonged Oshiot40%4, aliermativeliethe slapl ys stirred until

the tgglfeq %Elﬁlét}t:orélcl[s] iqB Iﬁﬁq ?n{gﬁfg ir@ﬁtd eJ,Hgf.i %@:l&t@ﬁ oﬁrﬁ%ﬁ% Jtat2S lilialt%}lltegpglications

20080b53708t by6d 0055084, Sdndr 2004/3055Y39 UERrYE tshrhildrh@rnu®Rikd dnd steps for
fraction is in the range of 10 to 70% Related United

manfatwmgRetletn tforAfhit deastingo nen2{acuwriog 5attalic 206wl 6s5hgarasting or
. apd 2004/ 0055735, descri be sim.lar structure and steps
ixp gLt BFRHEC BTG Begnirgnd il S gty
manufacturing netallic materials -for rheocasting or
t hi xof orm ng, and for manufacturing a sem-solid .
UnitedSadtés Ratesik 6131¥,759 despaibdsiapebaess fonproducifig afeedstétktbelidt material that

NN (T SRy ———
a m{c%{ru%tﬁre'o? tHRFQAUS Bk Efadred eﬁﬁ&faﬂ?éuiﬁw@%Ia;,ﬁﬁéeéﬁén)’th%xhgasting inthe

I qui dus tenperature whereb crostructure of
semi-ealitsitangdofied to 80 eriathresyhids.i Tilid patant ist sigylificahoin that it recognizes that
subsequent thixocasting in the sem -soljd range of 60
metgkpligysisist fine 3 SSERT BRI EEPEALE, P Eosul g APOERe A structure

ek AP LATR A, B oty s A,

grain structure characterized by primary grains that
are equi -axed and gl obular, with no dendrites. The )
Theppraeess 91 SSIMSIs Move Ve geneeally garterrad 13y 1hprovades dor sgyera]  important

Vi . J ) - .
BRSPS Pl TREEA 8 AU I St S vt
an ib@ekd Usigf 1My of il fildearditle] Nlowepcrositydetdlg s molded (i.e., without
flexibility of the final article, a |ow porosity .
subspguent heat xcatmsnged upifora artighe mpepstraqiys edderticlpeyith mechanical and

surftgcgetgﬁrtéigﬁ nrto&fr%igs tﬁ@Lf eg %ulri% a(Frtté r?]ﬂd)%e magé 8}5 &c;n%gﬁt%ﬁlpcrag%% tAldseoé because

surtace-11nts

the bAtaE pRicEssIAKRE piadé il dhelriithiheriBden Sty arabientedniviromaent of inert gas (e.g.,
casting. Al so, because the entire process takes place .
argan), ablax evapetstine angdrxidation pardhemeatt clispivated Ahe AP IMpropessplso provides

for B3t el RNk affs B GCUQRR B0 B BT, e iquidus

temb&htugner gy savings in that it does not require the

eating of the alloy above its |iquidus
Although a 5-60% solids content is generally understood to be the working range for SSIM, it is
also generally understood that practical guidelines recommend a range of 5-10% solids for
injection molding thin-walled articles (i.e., articles with fine features) and 25-30% for articles

with thick walls. The foregoing is described in United States patent 5,040,589.
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tenperature. Although a 5-60% solids content is

generally understood to be the working range for SSEM
WO 200605@P50 general |y understood that practi caPCT/CA2005/001707

Lnes .r n . - 109 IS

N B SRRt Byl aAB65 8 et o of e precns
inventibi) Hak RBoWE ahatr §18) rafgyl of pedSifagbf dokidsC ire St protdskial can be

wal I's. The foregoing is described in United States i
advasagepuslpexgamied duto Notulira-hish splidsiangerketwesnefoind B> %. The foregoing

recent.l ubl i.shed dis. ry by Ny o
wied R PRt B HRSTERY st iy Fale sfles bl appicaion
200persobage of solids in SSEvl processing can be

advant ageously extended into an ultra-high solids

range between 60 and 85 % The foregoing ultra-high

e R LRSSy T o B8 S TR Y5 B o
belit OB to 15 Wer thO olrR Rtibkl any Fidtbs Qﬂulh%vﬁﬁaeihy%@hﬁh%@ Gchieved by
by those skilled in the art because of a bélief that

semi-soltl preessirtge Iis particigarf with kilon oumyn-éxisteri eolidswongnt theifhuidity of the
any advant ages achi eved by sem -sol.d.processing.. |
alloy ey PesiAip Stfgapt, g R MAT IR RASE 1) CHTeg B e AOW SiapEigreofas the
18 chlity Sk Hitel NdRhredy inSreSAREME Sl i HBARRY and entrapped
moreglf%tll‘"\ynlg i ngan ei ncreasrg%iln teur]ggal encg in thg fl o%/,vaIl entrappe
gasdsrimtite fifabartiole. as t he nol ding cavity is being filled,
and thereby increasing the |ikelihood of porosity and
entrapped gases in the final article. Notw thstanding
Nothifisth R0k Rexdide, iids KA R dnibiuRe SISk B S SVt i
oSt e?osrgj;1 kég?ﬁﬁ E)Iﬁgéc}esslgtfbng (\7\}:%@3 per cent ageS&gf sr§lsi dg)rocessmg
wittagpdrostitape of Yolidsde tow ey 2% iundereadaih combtiofsor i nst ance,
United States Patent 5,979,535 describes a nethod for
injection molding a nolded article having both | ower
For A, s Bl R e oL Tl molded
artidfl©havéxgd tsdih ics¥er agd Righenpkd fhdtioa pditohs tHetdin, ol inathbé eharacterized in
sem-nolten slurry in the direction of injection, by .
thatsiectersand gepsetie prodided fr estehlisling  lymprragye diggbption in the’semi-molten

] i ereby & he; sl 1y .
) BB S A5 48 SR ERBEHELS o et
whesé@guBaElualy doffefPbiaaousitificlulle® diwdariba highisblids fract@n portions for
cited exanple, an orifice holder is nolded in which a )
sequentjal 1gieeteorginte the mplding cavoiy. Insa ¢itseprampleosn grifige holder is molded in

.por ti.gn_havi.n bout 2% s0| | e . . 0 :
B A P
whedks b nitRE hécRratélMioldtd aReatied hOftonad fodBed from a melt portion having about
10% solids.

However, the molding of thin-walled molded articles, particularly those having a thickness below
2 mm, using SSIM at typical low levels of solids fraction (i.e. 5%) can be problematic because of
premature alloy solidification that results from the reduced fluidity of the alloy metal, relative to
die casting, and because of the high thermal conductivity of typical molding alloys (e.g.
Magnesium alloy AZ91D).

United States Patent 6,619,370 is directed at solving the problems of molding thin-walled

molded articles using SSIM. In particular, structure and steps are provided for increasing the
4
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However, the nolding of thin-walled nolded articles,
particularly those having a thickness below 2 mm
wWa@gingSBBEVI at typical |ow levels of solids fPeCARINS/001707

. ) . b i € . . .
e re3ghi- PRt e B BB RS aBhae REEII B ing cavi: i
stated! thérBinttiat Ahe ddNd falkli®y onit sdmi-meltét ivtal slarginastdrsei within a range

and because of the high thermal conductivity of .
exceedipg 3% anddheliw 40%Ito ayaid excessiveviaiming afthethinoyalicdgmeled article.

United States Patent 6,619,370 is directed at solving

the problens of nolding thin-walled nolded articles
HovHSEN @ remlEis a dhall@kttb Grddte tiihfnafibdl idlda risdl@Pssidy $SIM without

provided for increasing thefluidity of the sem -nolten ,
resorteb tsigaiftbantoovereatimglphigpeiatioy ebts@dhdgglaéeﬂ tegperatureand the resulting

nol di n avity. It.is stated therein that the solid
reduction i HerNARICAPIOREEIFS: ol t en metal slurry nust be set

within a range exceedi ng 3% and bel ow 40% to avoid

excessi ve warping of the thin-walled nolded article. )
Accbidivhgran advantegedhthespreseat iyegteont 5 thatogtungectini nmaelding quiocess 1s

nmol ded articles usj SSIMwithout resqrt to .. . :
prowGqe bt pre e Bl TP GO 3 Iy ee ipintegrity and superior

I in

e R B e ko e

the present invention is that an injection nolding

process is provided for producin hin-wal | ed net al

articles with i @VWG@EP@&HE&I&‘%}W@@E y and

superior nmechanical properties relative to those

produced by traditional casting methods. SUMVARY OF
In adddidlanbddAzMT bfhspettad tigr teseatinviérttiongan iaEpeat-mofdingygocess is provided

present invention, an injection-nolding process is
for igpldingaanetpl oyt A ActrhRRg artigle W}plﬁ]% %e pracessmgiemperature of the

o] OBEAEHh LB AR RARE RS Rlnd ARBPLAE B ey
net-Et@pe Mgbl@ed@mKtlewah Helpreduced rae hbs athobffgensheay, ding egui-axed structure
~net-shape nol ded article can be produced that has a
withegheigrstieral dendritese ardh Muniag eftenirapnsd @owgstthout
directional dendrites, and a m ni mum of entrapped
porosity. Advantageously, the resulting solid article
Advaaggapklydle PRCIAARISORH apticdpdas ioptimal hrieohunidah@rapenies tveithout the
porosity and solidification shrinkage attributed to
expestert porgsitynandesolidifiertianpshrinkege asmbytedite cagtings @ade dignt aper-heated
lrﬁth anot her aspect of the present invention, an
mesnjection-nnlding process is provided for nolding a
nmetal alloy into a near net shape article in which the

processi ng ‘ . _ o _ _
ith another aspect of the present invention, an injection-molding process is

In accordance wi
provided for molding a metal alloy into a near net shape article in which the processing
temperature of the alloy is approaching its liquidus, preferably having a maximum solids content
of 2%, whereby a net-shape molded article can be produced that has a homogeneous, fine equi-

axed structure without directional dendrites, and a minimum of entrapped porosity.

In accordance with a preferred embodiment of the present invention the magnesium alloy AZ91D

" is to be processed at a temperature range of within 2°C, preferably below, its liquidus

temperature. The target liquidus temperature itself may need to be ascertained by trial and error

to adjust for composition changes in the feed alloy, and changing heat transfer conditions between
5
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tenperature of the alloy is approaching its |iquidus,
pref erably havi ng amaxi num sol i ds content of 2%
wob@semsIa net - shape nol ded article can be pr oPCE€A2005/001707

t hat h n L Ne.: < to be heated
e 8] e PRI PG 820 i o be e
in tHRYafrePB G révREdsd febhpelatur@ iR atangesIstC.h a preferred

enbodi ment of the present inventionthe magnesi um

al | oyAZ91D is to be processed at a tenperature range

of within 2C .pref.erably..bel Lts Liauj .
In a?‘é%ﬁ‘\#é’?%f”dﬁhe?n Haray a&%@@&gﬁ%@et@%ﬂgﬁg %ﬁén the,mpgnesium alloy
AMBBY iB pr&teid 365 RidpRidigd ritise F wdthinalPd, pref@sbly Below, its liquidus
adj ust for conposition changes in the feed all oy, and
températngg. e tazget lignidnseapentneditsdl omay nred jrebsrashertaiaadiby|trial and error
nd the nelt. For a.ngm_.nal .co iti.on, of. the AZ9I
o adfif g3 copRB P EpneS i e eRUET ab T e e kT il Bus between
the THrRE S3FthE thelt SR E MBS c ARV ANBOB alldy) the alloy is to be heated
accordance with an alternative enbodi nent of the
in thertasehto a proestingentphaturagppreiching158y. AMBOB is to be
processed at a tenperature range of within 10C,
preferably below, its |iquidus tenperature. The target
Theliﬁx%k{{igﬁlﬁn&s%gﬂ%aﬂfjﬁ‘fﬁhé £a58L dtioMBY (R G ddrRGesABG LSS LAY tbr laptop
by trral and error to adjust for conposition changes
conipitetd) &idee @etoaderoand @tichhohengadygfrredight metad Aldeys. Magnesium based

condi ti ons between the bag&kgand t he nel

.. For : :
alloyp erfef] PAERWE SPiereshbesAusen FEPSIqT o*{f?nﬁtﬁ do & %@ ratio, stiffness,
' / s i ASRitidig. t emperature
el“&%’ﬁ ?g%dgﬁﬁthggﬂ%b%%pfﬁghlaﬁé gfﬁ%f%}}&f [ ndsﬁgdglgl ication to
the fabrication of thin-walled articles such as
casings for |aptop conputers, . vigeo .recor d(grs a
b

d cell .

Accoringto anether apeshe] thepressabmention; Bote is pRYe ?ﬁ*ﬁﬁaE‘a’éE‘a‘ composite,
- qakd eular .| St ' -
ncQ R P SR A A BBl ARl mbsdict i
met@llie bap&iint, Giaktgllic vorhponehead tish rsmifqrednmeannccanmnent molded, at.a near:
~ absorption of vibrations. Accordin%_to anot her aspect
liquédust¢rapssatursand the metallic comporanb by 4 moldingmaghthe

metal -matri x conmposite, including a netallic

conponent, and al so including a reinforcenent
Acc‘éﬁﬂﬁ? REMt anoiRedsipectiof thdpres@it avehtior; alige ieproyidet@ molded article,

metal | i c conponent and the reinforcenent conponent .
including e thetadlic commpenent moler 8 neasigaidys igmpergturg ¢fherpgtalfip pomponent.

conmponent, by a nolding machi ne. According to yet

anot her aspect of the present invention, there is

provi ded a MpRAed PESCRIPTION OFTHEDRAWINGSI C

conmponent nol ded, at a near-1liquidus tenperature of

the netallic conponent. BRI EF DESCRI PTI ON OF THE

i GBS G P 5L S0 ) YRt v

reference to the accompanying drawings, in which:

Fig. 1 is a schematic showing an injection-molding apparatus used in an embodiment of the

present invention;

Fig. 2 is a graphical representation showing the near liquidus processing temperature range of

alloys having a liquidus below 700°C;
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reference to the acconpanying draw ngs, in which: Fig.
1 is a schematic show ng an injection-nol ding
wappanstses used in an enbodi ment of the preseneCT/CA2005/001707
Fig.'ﬂi\éean Haft'hf a':t'eglger%}u&es d@tg@ﬁﬁ&h lcllf)ﬂé arb%%ﬁécﬁ'%x?%f 42 injection-molding
showi hg the near 11 qui dus procesSsing tenperature range
app&htugbf Pigs1 bawigoner lig@distscdoghgof ¥ aghdsivgn albyi AZH D;
chart of a tenperature distribution along a barrel
portion of the injection-nolding apparatus of Fig. 1
. during.,a near |iguid S ' I
Fig. A@é‘ﬁ 63)hlé§eg_81a§rafns %;{hprﬁgr%g& gﬁ%él?g%g Va\lﬁg{l W§% ?éxﬁﬁ@ra%ﬂe?%f alloys
invesfi@mdstri es and preheating tenperatures of alloys
investigated; Fig. 5 is a graph of the solid fraction
versus tenperature for sub-liquidus regions of AZ91

ris 3 SR AN T BRI RIoRBS gt e BTG o b RAZ91
AZEP1§S RARMaRE bBlcaRadchals fmuf¥91D and AMBOB al | oys
mol ded from near |iquidus tenperatures and die cast

froma superheated state. For a conparison, sone

Fig i P g S B R ShAS81 B gnd Absom s

LA quidR¥Gd didOBORm Yhihethea stRaFor ¥Sommparison,
mo1%@%@%,58%%1}1&;&3%“%#%%%/%%150. 8 rrl?n ig. 7 iss a ?Jr| ot0 TPATISon
somefliteratatediatt aremsludet. ASTM BO4 8 sypdard revgrirementg aAZBID LGS = 230 MPa,

AZ91D and_AMOB al | gys ded fromn | i qui.dus
¥S Corpeh By rlossaion oD Bt rronh MBr P s e ve5130 Ma
EIO%QBHQ%% g g ogfre literature data are included; Fig.

I'S a nacroscopi c i mage, 2nm across, of a cross
section of a tensile bar, forned froma AZ91D all oy

cafter die casting froma superheated state oW N
Fig o s dcloh QfIYI6I8 S FERUT SpaEespAndig pngatien %ﬁ%@&’d@m%@ alloys

molgg ?ﬁﬁel%'eaxﬁi iduS ?erﬁﬁérzﬁuﬂrg% %F(fg’(ﬁg g&'t ?roin%%@rhea%&pm.%'r Q¥8mparison,

Cross section o a showm ng a general view
someflitabiuredebgee prihwisidt y; Fig. 8c is a detail ed
m croscopi ¢ i mage, 25nmm across, of the cross section
of Fig. 8a showing a the intercrystalline nature of

8 T L 408 8 L. s o
AZSET hllGNaftdr die ¢a68d fremh’ﬁﬁupeﬂﬁﬁtﬁ& gtafe; @iit)v@ing a structural integrity that is

devoid of any evident defects;

Fig. 8b is a microscopic image, 200um across, of the cross section of Fig. 8a showing a general

view of shrinkage porosity;

Fig. 8c is a detailed microscopic image, 25um across, of the cross section of Fig. 8a showing a the

intercrystalline nature of pores formed during solidification shrinkage;

Fig. 9a is a microscopic image, 200um across, of a cross section of a tensile bar, formed from a
AZ91D alloy after injection molding at 0% solid, showing dark spots that represent Mn-Fe-Al

intermetallics;
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AZ91D al l oy after injection nolding at 0% solid,

showi ng dark spots that represent M-Fe-Al
wo paoerosstal | ics; Fig. 9b is a detail ed m croscoptCA2005/001707
io | ’ ic it r | {idrdof 98 9a showi
re 3RS AP ASERTE el S 58531 QB thr 9 oa showig
segrMti6A WG aiNeg BRE @ibtribGon &fi Mgl 74122 irferetillidsps copi ¢

i mage, | OOmm across, of a cross section of a tensile

bar, formed froma AZ91D all oy after injection nolding

: 0% sol id, .show ng the representative norohol ogy
Fig 3p Rl icposgonis Giptea gl achdsRuoS RO SF bt STES B fifped froma
AZAD AR $§6dHoAMAIN2 a 895 5dIR, Bwing Heeprebén@diiv@ morphology of
Az91D"al | giﬁaf toer [ n}ngcti on nol di ng éan al ?roy heat ed r?o
solids; sub- | i qui dus tenperature with 1% solid fraction,
showi ng the representative norphol ogy of gl obul ar
shaped solids; Fig. 10c is a mcroscopic imge, | OOmM
i i ith ﬁ?&ﬁﬂ&? fof@ ctR0sdctisn BB tendiR bBE tbrmed from a
Flg.]ﬁrﬁgﬁnsc‘%mﬁé%%ng?rﬁ%%}, atter ionj ’eoct icon mglldi ng gr#l all oy '
AZNEB41RA after injestidnrholdingdn alloydrgated & aisub-luidus 20hsawatig with 1% solid
fraction, showi ng the representative norphol ogy of
fractipmy |shewing SSRGS AALIVE ﬂomoé‘?gyﬂﬁ&iqbé‘ﬁ'é SleﬁP8$ 6%‘15@pi c
I mage, | OOmm across, of a cross section of a tensile
bar, formed froma AZ91D alloy after injection nolding
Fig.a0c d§la miidréytopiv érnieat Ghnedvooss, dfla@rdss spetiomief atrukiledht, fmengd from a

by cooling back to a sub-liquidus range with 1% solid . .
AZ§ TR aRer aiveuTOI e 2nafipEtaisd de p b KNG TRREAGRe with 2% solid

frac!?iose teinmn%gré&ut%go'ﬂg‘%lo cbufar Thdpe@ SGRR! C

o1, SNIOW .
nege, Cr 0SS, cross section'of a tensile
bar, formed froma AZ91D all oy after injection nolding
~at an alloy overheated above the |iquidus_and ,lf?%ll wed
Fig.30d do amicigscenicimegs, A0Qumpaqrossudidssoss ssrHan Gf 3 inolpah r?qraied froma

I i 0 showi n r ' 00
AziiS el ahs MR UL o iR BB Eh Pl B ORE HOGNP ncTotlowed by
coofiftd bhsk %o A SbAKfRRIsCrahgRgath | LQvNdaficion, siafwiag dhe sepresentative
section of a tensile bar, formed froma AMG0B al | oy
morpholegy pirjcsateisbapedsplilisng at an al | oy overheated above
the |iquidus and followed by cooling back to a
sub-1liquidus range with 3% solid fraction, show ng the

Fig [19B'i§ 8 8idrdicopi ilRge) NOULYYcreds, dTodkosg b&diivh af a Bhdfeedr, formed froma
solids; Fig. 1la is a mcroscopic inmage, 200nmm across
AZ9ID allayraftss injestivn owlding af anaHey peerhested dbayaibe ipighs and followed by
ter. die castin

\Z9 | | fter f .
cooQ%%iD?kaéq] %uﬁglugncalénrgp%q Wi e%/o o?ro?{alhgaé%gs F@oﬁﬁgg he representative

morphology of a mixture of rosette and globular shaped solids;

Fig. 10f is a microscopic image, 100pm across, of a cross section of a tensile bar, formed from a
AMG60B alloy after injection molding at an alloy overheated above the liquidus and followed by
cooling back to a sub-liquidus range with 3% solid fraction, showing the representative

morphology of near globular shaped solids;

Fig. 11a is a microscopic image, 200um across, of a cross section of a tensile bar, formed from a
AZ91D alloy after die casting from a superheated state, showing a general view of the resulting

alloy microstructure;
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alloy mcrostructure;Fig. 1lb is a m croscopi c i mage,
25mm across, of the cross section of Fig. 1lla show ng
w@a2@ensrssd view of the resulting all oy m crostPCCAR®S/001707
. _ibncludin ar res [ [ it : 1
e YIF 5 SR GO LSRRG R0 LB, Mot e

viewPbf theGe@itns SlIdy Bitr@trudtuteeit@ludihghevarse fps-oBteeticr demdetes within the
AMBOB al | oy after die casting froma superheated

matiit;at e, showi ng a general view of the resulting all oy
mcrostructure; Fig. Hd is a mcroscopic imge, 25mm
across, of a cross section of a tensile bar, of the

Fig. §1 052 SiRFSst e Rhagdel 0ouhd Rresb O bibsesc@aties Al tensilebaroformed from a
the resulting all oy mcrostructure including coarse

AM@OR alboyt afiet die caistimg fiomes supeihgated statej showing xgansrabpiew of the resulting
ima%e, | @Omm across, of an etching done on a cross

alloy U PIHCBF€a tensile bar, formed froma AZ91D al | oy
after injection nolding with an alloy at a near
i quidus tenperature, revealing the differences in

Fig.dny sis althiogyseqytic imagej 251tnatéross, of a stosussctiomdf T sngpterhantof;the cross

sttt b e e pabu S PR B bR S5 n e Mg couse
Iﬂﬁg&é&ﬁqhﬂ&ﬂgﬁa AZ91D al loy after die casting froma

superheated’state, revealing the differences in
crystal | ographic orientation of structural conponents;

_Fig, 13ais an_X—rﬁé di ffraction éﬁgt rn for an Qﬁngf 1
Fig. 524 15y Mis[aseqnioimags) POHM-AcTasscod g ptahingigne opgrpss sgifion ot a tensile
i ff i . . . i niectd .
bar, o, b EAIIPN SR LA ploRliof ke AR P ANSTER deMliquidus
temperhtusy; feveslingahe difBidncal ih oyystiilegraplst osemtationyf sfrnginmal components;
superheated liquid; Fig. 14a is a mcroscopic inmage,
200mm across, of the de-cohesion surfaces of a tensile
. r.fo : Vel A [ f :
rig $7% 1S QERScoiP ik SRAR sk A T 56 sh@h ofa ensie
bar,| GRE& r3R0IMANDOaKoy aftertdie cadgingofi@a i 0 metichiad estatgfrevcaling the
_tensile bar formed froma AZ91D alloy die cast from an
differprqen enerpialiaggphip ricgtation ef staucirali CORPEBGNS:c i mage,
25mm acr oss, show ng the crack propagation path
bet ween the coarse dendrite and surrounding matrix in
Figlng id #M%irhedibRdctioh FE&@H fok4i; AZS 1D allbydnjestion mblded &f0% solid;
yield stress as a tfunction of solid content for a
tensile bars formed from AZ91D and AMGOB al | oys t hat

Fig.alr3% ié Qﬂ ﬁgr%}ll Sﬂﬁgz?ilog %gttgﬂrl % atnhléM@8§ ralll)}i' ﬂﬁ‘éc%ﬁ’ mof&d Gt 0% solid;

Fig. 13c is an X-ray diffraction pattern for an AZ91D alloy die cast starting from superheated
liquid; '

Fig. 14a is a microscopic image, 200pm across, of the de-cohesion surfaces of a tensile bar

formed from'a AZ91D alloy injection molded from the near-liquidus range;

Fig. 14b is a microscopic image, 200pm across, of the de-cohesion surfaces of a tensile bar

formed from a AZ91D alloy die cast from an overheated liquid,;
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Fig. 15b is a plot of yield stress tensile ratio as a
function of solid content for a tensile bars forned
w0 e@a0B¥. D and AMBOB al | oys that are injecti oPCTOA2I®&001707
f nom.t he e
Fig. rlé s g e &?%%% Hn?glé ?% Céégg shg%r%th&?rahl% gﬁ)ﬁpgatloﬁgath between the
coargé déhdﬁ&i Ald-siBbiindnCampash te temildear @Fig 1abar - 1 i qui dus
tenperature; FIG 17 is a representation of the
m crostructure of FIG 16 at a higher magnification;

Fig. Flpgls %%loé of gle;i]cf gg]eg? e%%gﬁr}c 100, af Isc%)lﬂiecog}t éf ?L%%'{ tléﬁgiférb%rsofonned from
AZJ1EPLRSENGOB aRBysthatArdlinfdc A6 ke fi®nDfhe Ebﬁ-hqllﬁhjs fRangdj ch
details are shown at a higher magnification;, FIG 20

is a representatlon of the mcrostructure of FIG 16

e Pl o B R PRABY s o

fron‘?A%@'PElaﬁd MvieoB floyd tHE?EI@'lﬂJ@&Hh‘rﬁol@éﬂ"ﬁ@&'tﬁ@néﬁ@hl@ﬁdu@fan@e
near liquidus tenperature;, FIG 22 is a representation

of the mcrostructure of FIG 21lin which details are
hown at a hi gher. magni ficati

FIG; b5 PaBRERRG AU RE St of B.paPlE N 1-p1S el cgmposite
molﬁédﬁa%gﬁﬂl%MErtélﬁp&WSI te nolded at a near |iquidus

t enper at ur G~ 24 1s a representation of the
rricrostructure of FIG 23 in which details are shown

a higher magnification;Fl resent.ati.on
FIGo}7 SisdeRreenbip O P racgpnares Oééﬁ? 006 p SHPgERagyEcaPr:
shown at a higher magnification; FIG 26 is a
representation of the mcrostructure of a sanple No. 4
FIGo18 & areprasentmivn ok the omiprostracturaof BEE 14tat a highar mhgrgicatios;
tenperature; FIG 27 is a representation of the
m crostructure of FIG 26 in which details are shown

FIGa¥9 R al}le;grgﬁfl aliog pf d ﬁl?&égn‘ﬁgt'uré: 6@1Gﬁ£6 flnswlﬁ?ﬁ &aﬁifssa?fﬂ HRWn a higher
cros ructure of a sanple . 5 of aneta
magtéfidatign;conposi te nol ded at a near |iquidus
tenperature; and FIG 29 is a representation of the

mcrostructure of FIG 28 in which details are shown
FIGM0 R a repg&gﬁtatlon of the microstructure of FIG. 16 in which details are shown at a higher

magnification;

FIG. 21 is a representation of the microstructure of a sample No. 2 of a metal-matrix composite

molded at a near liquidus temperature;

FIG. 22 is a representation of the microstructure of FIG. 21 in which details are shown at a higher

magnification;

FIG. 23 is a representation of the microstructure of a sample No. 3 of a metal-matrix composite

molded at a near liquidus temperature;

FIG. 24 is a representation of the microstructure of FIG. 23 in which details are shown at a higher

magnification;

10
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magni ficati on. DETAI LED DESCRI PTI ON OF THE EXEMPLARY

EMBODI MENTS Fig. 1 schematically shows an
w0 poe05i5oNn- nol di ng apparatus, 1.0. used to perPCF/aAL08001707
FIGPI53§ g?etsprc%&%gﬁcgf Jihd ic}égﬁ-g@[{n%%?ﬁ&'ﬁzﬁﬁhicﬁ 'aetai-wﬁc shown at a higher

dppar at us I'ncl'udés a barrel assenbly conprising a
nmgnﬂ&mmmical barrel portion 12 with a barrel head

portion 12a arranged at a distal end thereof, and a

machi ne nozzle portion 16 opposite thereto, a

conti quous | a i I e [ .
FIGEAY et uiBbY o PR BRI HRE s Bipi G007 of COat cmpositc
mol¥éd 4t adhesh 1RfiRIE terfbe@dturéYm and a | ength 1of

approximately 2m A tenperature profile along the

barrel assenbly is maintained by electrical resistance

FIG o g Ao P g Ao RIF iy R e ol higher

maghfiidabp;head portion 12a and the nozzle portion 16
According to a preferred enbodi nent, the apparatus 10
is a Husky(tm) TXMb00- M0 system whereby the

t erature of the alloy in the hea ortion 12a ma .
FIG 28 PSP TRaIonal AT S et S SFR oL S YBr| BPE composie
molﬁ&ijat%_\ﬁ%ﬁr 1a utidﬂs@edlﬁ)egguﬁef‘%@o‘c- Solid chips of alloy

materi a e supplied into the nelt passageway of the
barrel assenbly through a feeder apparatus 18. The

al | oy chips may be produced b y. . known. t.echni que, .

FIG; #itis aa@pﬁﬁeﬁté%ﬂéf? SR ) &Wf?héisﬁaqa%fg Slgm at a higher
! s. The size of the chips is approxinmately

nméggﬁﬁ#ﬁA‘rotary drive portion 20 turns a retractable

screw portion 22 that is arranged in the nelt

passageway of the barrel portion 12 to tr

o RESCRIPTIPS 0 F B ikreb Arky BREBARI Kl

using two comercial die cast alloys AZ91D and AM50B

whose nomi nal conpositions are shown in Table 1.

Fig AheéHeatatisallyt showe aal injegtidrsmalkbig apdprdvd, 10 uS&r Jo peform the process
described in United States patent 6 808,%79 t hat has ..
accordiwgite e Nresqn aventioanlr aprar@iut 0 nehidgre byrrel apsEbYy ggnprising a
oyt ] BERP ot R PR 2 ph e O PERMrab INGRL LR it Bkof,and
madbitie ndzzR| FRticpPé ioppdite thereionjaavhtiguouswhdli pgysageway fbeing arranged
al | oys, incIudingTAl al | oys and ot her allqys _such

S 1

throughaghi bbarechasspmblysThediarre! neatienl 2ip penfigured i difmetEr dof70mm and
a lergﬁli gﬁdf r?ggl)rlto%i‘eﬁait?lg %rlgld éite%?er%tu%syiﬁﬁgle?azé%reﬂ? A a%%?&tsélrl]%lg f 61];1aintained by

oces ure ra

elecHRE FedistpE @ Bedtdrk M 4 pir@fped igd iAddpeident]y 2bhteollkd Goaes dlahg the barrel
conpositions of AZ91D and AM60OB allogs processed b

. ; ¢ A . Y :
portioyj ¢ incldingslang e barrgl fad perion il Ayansiibg Regzle pRetion 16. Accordingtoa
preferred embodiment, the apparatus 10 is a Husky™ TXMS500-M70 system whereby the
temperature of the alloy in the head portion 12a may be controlled within 2°C of the liquidus

temperature and even within 1°C thereof.

Solid chips of alloy material are supplied into the melt passageway of the barrel assembly through
a feeder apparatus 18. The alloy chips may be produced by any known technique, including
mechanical chipping or rapidly solidified granules. The size of the chips is approximately 1-3mm.
A rotary drive portion 20 turns a retractable screw portion 22 that is arranged in the melt

passageway of the barrel portion 12 to transport the alloy material therealong.
11
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performed according to ASTM E1097-97 nodified and

E1479-99 standards Al values are in weight % hi
waewensiapce with a preferred near |iquidus nol BETIGA2005/001707

process of the present invention, the heaters 14 are

controlled by m croprocessors (not shown) programed
Expkfimestt akkd &dhdacted einseyd @ifiedreiblidie cabt sllayisad lmmdiAM'ﬁmB whose

the barrel portion 12 that heats the alloy in th
nonjipg §a@es«$a90rt§farq shovwmdn dabledsAapthpssuitablg alleydsdyIag &Mé L7000 58r) as

des@¥R B nllte';'lb tat% > l Ingg |88 879 Qat ljég/gi é\qglaislg&dlﬂfs térﬁ@e%thl%%f 616°C. It

I'S prerera over

sho@ly @Hﬁh@erasoda hbWERe tidt ltHeQ)rébeﬁtt ihvdatibh @hot BmitB@&tothE Infction molding
portion 12 f or achleV|ng | i qui dus tenperature of 5950C

of magneaumnzdioys butlinglso wpplicabledd lmﬁélogcm@lwnsmftqﬂwn aHWSamCBJdmg Al

oyt “aBeucen B biset PO 005 Srafa bmpiSt anos.Fig

2 isti éﬁ%czﬁ"f@pr@ienﬁaﬁ@n RSN thOliqAGEUPILALing "t‘erﬂﬁerithﬁ: 1aBdd of several
ina forward portion of the nelt passageway, a

pressotlcpilefesstd aBoysunul ati on portion" of the barrel. The
non-return valve 26 prevents the nelt from squeezing
backwards into the barrel portion 12 during injection.
The infernal portijons off the[appafatus L0 ar g kept [1n
Patssinel t Ag@S [Suklr qunzi ng Me pr évent Goxi datfFeon ofNit heMg
teghinigesy _hp gagei Al exanple of a slitabl inerlt gaslis
ar gon. m?DI ne{é ébs I's 095 L()g.&cej<(i(dlaf h<%.O,fl €9 <%0]:| ;base
h&fig‘)igso t atus J.U, hichTprev ents—the back=—Tttqw
miditingi I | AXp6bEi tfi pal|lgor a|pbug| 0bs sphd d al doay, [i®.of ornrd
|n the| nozzl e portlion 16 after injection. The pluglis
Eellad when| t he [next ghot of al o&mis i nj ected and
n)

Svpsr *@'&’pLé@éB—i-n’iZé—s\d?L&LLp@é‘* pORYTI HATRE | 024y 00094 | base
Tﬂg r ot fopd! f % AQobd O 039 | §09°j5&%l'%ﬂm&y %an base

ropfocessof (ndt s omn) ptograpmmed tp reprjoduci Bl'y
Tabld If eﬂ’éﬁﬁdl)fotnpcﬁla&xhof APND aafavadE Myys prockssdd bpihjedibhm@ldghant Hi€casting. Analysis was

perfo%ﬁ £c dm@ Q)rAtS'IFI\Q B 0;7297 g‘l%dlf%d §1§E14y9ed9 th'lldgr()é Allslgueg Qg]:x w&gﬂﬁ%

residence tine of each shot in di fferent
tenperature zones of the barrel portlon 12 is

In ag XS alaasee \lwv}élﬁg gl%%gn%lfilngz% llﬁlul%ﬁ gp%fﬁﬁ%?argﬁérsg lo%’ thgbl%e{;qt élg%glohn ¢ heaters

14 RXERGD118d BYmRAIprétesdofAabi sAOwn FptoShinfRia S estdblich a prec1se temperature
conducted in accordance with the invention to ap

distributiannyighdn therbarrell peirting 2athafricats éheradloy imnide imlf—pgﬁﬁas@vay of the barrel
asseﬁ%éﬂ?gg?(terﬂger%{%renaggp af]:'l?la% %%'lﬂ%u%ﬁa ggaPﬁ‘)rg ﬁ%{l%%% Stgagggn e‘fe?ably 0% but

not BV& 596 t FigC3 sHods afREarh§18 SF h Rnfpepitas dRktbA n B bhﬂi‘ﬁ portion 12 for
solidified alloys. As a conpari son base, the sane

achigyingJiquidas| tesperature 0§ 225 °6ffora AgPbRealley.ng from a
superheated liquid by conventional die-casting.

Motion of the screw portion 22 acts to mix the alloy as it is being melted and to convey the melt
past a non-return valve 26, mounted at a distal end of the screw, for accumulation of the meltina
forward portion of the melt passageway, a so-called “accumulation portion” of the barrel. The
non-return valve 26 prevents the melt from squeezing backwards into the barrel portion 12 during

injection.

The internal portions of the apparatus 10 are kept in an inert gas surrounding to prevent oxidation

of the alloy material. An example of a suitable inert gas is argon. The inert gas is introduced via
12
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EXPERI MENTAL DETAI LS During injection nolding, the
feedstock, injhe formof nmechanically conmm nuted
W@ hiops5059ms processed in a Husky TXVb0O- V70 syRCEGAM05/001707
thededabATEinioAHE frfafarROI0, AR RS Rt PBRHOW dillird AUEIS!
bar nol d. Thgp#taoata wei ghtp nthe fourOca(f/f:a%ryA?E%h%\géaplugOf
5011215@0}3 igformedinubié myzit48rtiond 6aftesinfeatoni The pugrinexpslladwhen the next
of. overflows. Upon accunul ati ng the_ required shot
shog BE 1o is FGHFC 2 HETRBH AP POSINVEOD Rlbe BOkk. v
accelerated forward to 2.2 nf's, injecting the all oy
t hrough the sprue and gates vvlth an openi ng area of
Thcﬁmtﬁ'yrdrﬁ/elpmttnmt b@ isrodmdrotiad ibly ya, mivrepreedsest (hot Mprogrammed to
[3 the nold 24 is filled with the slurry
repféﬂdﬂ?l b trpaspostrach ghot af allayanaterah dirovahethe barel pﬁm\m |1% gt a set velocity,
) | Y, short riod
50 ARG RS (ARRIEE b R it Bira@i 0% o pefBpportion 12

is peecistlylcentralled sthmsreprotin@bly infi finiiBing thé4olidstentehtd@bach shot to ensure that
densification is believed to reduce the internal

it d%r@é?’tcﬁe‘bfﬂ Stafelidpfradignarticle. The alloys with
nom nally the sane chenmi stries were al so processed
into tensile bars using a Buel er Evol uti on 420D

ExpetigienBvess usikludied if asdotdidcd wath ithein@Entldndb Qpﬂtﬁ Qﬁ‘@ﬁlﬁatlon molding
Par k, Porsgrunn, Nor vvaév[ The die was preheatéed to
techsegug fer thevect1shansdpming ekMefO Al npnd M- @A/Bmalqmiatctssafwe theatlng to

68 es sile testin
neaf ichi s A% 0 By PRI RGOVl R s FRnerTigapr he soldifed
alloga@nMs @Scomhpafisén HRSHIGRS sHRE oY HAREBI&GE WREd G PiRbERing from a
nol ding and 5.9 nm for die casting, and a gauge engtﬁ

supgrheaiel Bqwidrby perwvsntiansbdivsasiage per for med using an
Instron 4476 machi ne equi pped in an extensoneter at a
crosshead speed of 0.5 rnnfmn. Tensile curves were

Expmmmrmlmp&g% the ultinmate tensile strength,
yield st reng1 th and el ongation. The chem cal

Durmmwsﬁlqn oakling: the igedstock]. metlie fartrhofl meldhanicaly mmpinatéd ChlpS was

o T S R S0 MR AT AT 000 Sl e i

tensile® ba&ﬁ’élﬂ Che 3t W@fgﬁpmh@f%ﬁxeéa‘(/ﬁir glftg vadB5¢3 B Faa&ﬁglw 7 g of sprue

pol i shing down to 0.05 nm de-ag mer at ed
w1tlpmm$ andm grqﬂbezmﬂows dimmtacaoulating therefjaicaishuesiz i frohted the non-

retuf Yoy QR eSS A BYMAID L ee T 616 iy hrough the sprue
and gﬁl@é Wit h!l"f‘b pedird f& of AR i85G0 k%&lﬂlcaﬂgf Eﬁéa@{cﬁto%ﬁOoC After the

Sel ect ed m crostructures were neasure
mold 24 istfilled wiithehe shargg thershirgzeay. unﬂb@o&tﬁnuhiemlﬁbatdﬁt 1&Iv¢1ﬁch pressure is

e h sca el ectron m croscopy
app U1 AT p AP TEHPERT AR, HERSLY BeF it FD i PREredpe molded article
is retHoVE PR ARSI 24. The final densification is believed to reduce the internal porosity of
the molded article.

The alloys with nominally the same chemistries were also processed into tensile bars using a
Bueler Evolution 420D high-pressure die casting machine at Hydro Research Park, Porsgrunn,
Norway. The die was preheated to 200 oC and the temperatures of AZ91D and AM60B melts
were 670 oC and 680 oC, respectively.
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(EDAX). X-ray diffractometry with CuKa radiation was
applied for the phase and crystall ographic
W@ b@sastsey i zati ons of materials. RESULTS Mel tiPQI/CA2005/001707

L

sectiofl @@e&ﬁé@mmm 18cet MO tllired dnd)5so ﬂ;ﬁﬂfoﬁ dieeasiighgnd a gauge length of 50.8
temperatures is shown in Fig . Due to a deviation
mm Y egsprementsqsre pasformiad g&l@g &l Insimﬁ%@m@énaﬁ BAUANRSE 1 an extensometer

ata @8§1§?1§?%Spﬁﬁcg f{&g e %!l eB% aegcléf;'\} %;e're a%laféfg&ffgraﬁ%gi‘che ultimate tensile

strerftt, BALIU CstieRAR  dn@NelShatiBa. it f:héﬂu@zﬂt doynpositiofls 6‘;@5@& detgrmined with
romthe liquid as a result of cogggg@rThe resence

f
1ndu|cﬁ’iencmllpbd plestnalspeadrommstry hecagding kah lpwaﬁe% and £1479-99

SpectHBPIL GO BT C RO TBROS Y PO IRisR™ 247 PRRAS by polishing

dowRNBIH RLGREM1 rﬁt@& Qﬁ zN?ovﬁier Z1o fdveyficasBubtif, S@fRes were
as those kno nary systems. Zinc

etchediksthi 1% hésl. Mlmibv.éf alnretd:}in% wid eseded shdw ddfemmpmhrﬂystallographic
which extends its fornmula to Mgl 7AI 1 1.

orieptpfienses ndbyidual gains. ifh? gercplogical nazgneders P§S ?%Eé’rr@&mstmcmres were

lstrh GurBNR

meas&gc? Ls\ﬂrl%t%[a éﬁ%ltﬁat%/g 5@%‘?%‘3??1? ggﬂé turgls gﬁs (Nere-ml'aged with scanning

elec&&ﬂﬁﬂr&cbpﬁ(m&ﬁd@ﬂlﬂﬁe @fifoohEistiyevadrRidraheitihib B ay microanalyzer
al | oys exhibit approximtely 20 oC difference in their

(EDAXui XHuay tdefiﬁ;aetpmetwwtbf CuKy madigtipns 96 appdied 15or, the phase and

ec bot stries, the specific solid
crys{f’ilﬂgré’ﬂlﬁlcfﬁa%% O%Sa? u?fct g]d accor di ng. topSchell
equation:fs = {(Tm -T)/(Tm TL)}-1/(1-Ko) (1) vvhere
Tmis the nelting tenperature of pure netal, TL is the
RESULUBdus tenperature of the alloy and Ko is the
MlequiJLbrium ist.riQuti oefficient. The results are
raph in Fig. 5. It will be

TheN8¢-fieh éreibn bi¥Re bin@ﬂi‘ MEATRIPPAR HitH IR Rirkedcions Bf &latndyed alloys

varies, to a small "degree, according to its chemstry
and pruessing temperatiresrie shavay inj ant‘bﬁble to g deyiatiorofiemithe eqydlibrium state,

oA o Mg e o o1

phas U%Hé[ %u By RLHESickOacbh &ﬁnngl shifficfentll id édblihg EerttH@hquld as

s range, very small changes in the
a rebwltrpé rcatmg éTheelx'ad;dnce of 4047 dowsi it 1eagr foathi geeratiors of mdw phases.
S0l i

Acc];);dglggttlpglpﬁs p]gl 1?&%%%8%15 0 e nvi%glkgu%clog thIéSnup to 4% of
Zn, 'tﬁkcﬁ}ﬁé&eprkﬁnfsﬁll ﬂefhaﬁr R AR RS aQe {8 same as those known from Mg -Al

binary systems. Zinc substitutes some Al in the intermetalllic compound, which extends its

formula to Mgl 7Al11. 5Zn0.5. If zinc exceeds 4%, a three-phase region is entered involving the
ternary intermetallic phase ¢. This compound leads to an eutectic reaction at a temperature of

about 360 oC.

The AZ91D and AM60B alloys exhibit approximately 20 oC difference in their liquidus
temperatures of nominally 595°C and 615°C, respectively. For both chemistries, the specific solid

content fs can be calculated according to Scheil’s equation:

<
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5% akes place after reducing the tenperature by 2 oC
bel ow the |iquidus. The alloy of My-6%Al is even nore
W%e(ms,iosdsvse and the sanme variation in solid conPEnCA206/01707
to 5% requi ion below the |iqyidus
poi nt . hﬁgf{Tﬁ%022§¥%3?§%ﬁ?ﬁgﬁéub-liquidus rangglu)d
i nposes a challenge on tight tenperature control and
some experimentation nmay be required to determ ne

. { . th
wheggspingp the analtingiemprraiusaplpue metalptlofsitheligudis tewpcrajure of the alloy
and g{flﬂﬁl tlhlg E‘i 1%}5&?}% Ig%é@gﬂctnlf ﬁ?]oteeftﬁcl?gnrt.el“ﬂesfesﬁlt; 91‘%5 B?eg’érﬁ%da iPrt%eI form of a graph

_ _ effperature o

in FRS$.8MWi1Mbe ndteld ekt e 1RUALSRERRraRire § P gilichhAOE earfes, a0 el degree,
melt passageway extending therethrough, and the actua

accdrdinp gp ditsuchenustryt hed motrdstrugturet efarainstance; yargfiems in the content of

furthermpre . that the.te rature of the noldin RTIN
antigpan, apcrias bepp Biym O Y EXTRO AT R on gesTiey Gl Sl he iy s liquidus
temDAALER tof SIREMREY CRaZ BRE irS e ABLISIUTEMNEE VRHOEEAI @hanges in the
ower than the tenperature of the nolding material in
tempdreturaakiultin ssagetisyariensof selip fragions. irascardance with the invention, the

s GTRE L e 8 S Sl RS LT LS RLRL R B8 om0
" : . : . : 6. 4 . %

5 BTSN M e BTG AR B Lo R T o

is emlml e sensitiveremarthd sape hristiore mpsolidtcontest frath @ 10294 Bquires the 1 oC

al | oy, which was processed froma superheated liquid .

redygtipn ihelogy the I‘Q‘QLpglﬁgP(Hnb?f b PIgCessng ,\}g‘,ﬁle -ﬂa%-%giu]dé% gzinlge Jpaposes a
I ¢ ' _ _ .

a0 Syl AL o A ST 0 i

the @pidyPate bagel tempeahitues prpfilecepsied glt fvilb he sfipeccsaspkthitdbereid a “dynamic

liquid by di ting, th h. of .
cquSBUT S R eEh e G oL INE LA SR HIED S BAeH RSP distance

| t : ' i

frof S S bl e B SRR B0 B0 S R B FORRFAGR, o the molding
matéhAGB tig ael nBlifdsaugel ) dad Girdermercahatete tangebrdtare of the molding
yield stress measured for both all oys and processi ng.
materaltielsp gifgnctipn of 1th dowaiea o, the hagrs! ymPSTAHEE ZpRs; Set-points may be
. near ;| i qui | di . :
nigfRE 8 fgisf i b el GRRC APt daliie 376 ok plibch Al

stress after die casting was 149 MPa and 124 MPa for

AZ91D and AMGOB, respectively. It is seen that
Tensthe:properties- t est data, achieved in this study, are

significantl i.gher th r Lr :
iRt ol T s B8k LR LB epndiig cfomgong for bon
alloY@bid pRIcBIshgl teéhnRael) idlshéyn GORROSI The hightd speagk9$2Af MPa was
et hod, with a general tendency of the higher strength )
achizyed fos e MAN B alloyimhelded fgore peas |11@n)glg§ temyperatures. The AZ91Dgalloy, which

was processed from a superheated liquid exhibited a strength of up to 252 MPa. The strength of

jaryab]

AMG60B alloy was similar and after molding from its near-liquidus range achieved the maximum
value of 271 MPa. Again, after processing from the superheated liquid by die casting, the strength
of the AM60B alloy was lower and did not exceed 252 MPa. The elongations achieved for both
processing routes were comparable and reached up to 8% for AZ91D and up to 12.5% for
AMG60B grade. Similar tendencies were revealed for yield stress measured for both alloys and
processing routes (Fig. 7). The average values obtained for near-liquidus molding reached 166
MPa and 146 MPa for AZ91D and AMG60B, respectively. The average yield stress after die

casting was 149 MPa and 124 MPa for AZ91D and AM60B, respectively. It is seen that the
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(Figs. 6 and 7). For near-Iliquidus nolded alloys, the
solid content in 0-5%range was the major variabl e,
W(almlmr)m(bmi ng to the scatter. Although for supetiicar®d001707
sl 8 PRGN, et S A sedgRaty b s
B94WpscificatigRVi ous correlation with mcrostructural
conmponents. In addition to pre-eutectic precipitates
of a-My dendrites, shrinkage porosity conplicated the

eGP BTGt 5L BNy SRR pocsig

metlﬁ?ﬂ? Rith &dal Radehcp of the highel sthaigth’ @vRehondingas tied légliepRlongation
bet ween the yield stress and el ongation. All 0)/

'S
(Figs t6r andt ) Beir nieartlaqpidusynoddediadloys ths sefid sentertgn 8157 cange wps the major

d.ntegrity.of the | o only thaose defects whi . ,
vargil, EPBRbGTE o SRyt Ll b B buoit B2 gpaine e
samp Fe,'h&enc?/_ ﬂ?stfé‘ﬁ%tﬁ%ﬁ& el%%a‘ﬁ@n Bl ASFRObHRA, thereRvab A6 BbviA correlation

Injection and thermal settings or the specific part
withg@iurestiuytura reempohento s iadditien to feecutastit ipeecipstayes NfrppMeg dendrites,

eonetry. of the selected gglit.d (di

. G . e virtuall 0
Shrifler BOPBIDSITRKIRaRT BEITICERe. 5 iAo STl e scater of
g Vb Rl O oL AR LA pouaph orction
betwddh @9 yield saédsand ploagamai ng from a superheated |iquid.

Both all oy grades showed shrinkage porosity, according

to a netal |l ographic estimation at a | evel of several

AlRES %r%gﬁ . ngg ﬂgrosi ty had a formof randomy
i vidual gaps or clusters (Fig. 8b). The

As RObRATREEMtRGtur iRty 6f tht hils)e oslyaluss defecks wehich are inherent to the
~surrounded by the |ast solidified phase, with the . .

givangeesssing method are ﬁﬁ@fsgquh@e. (T:l}eQQef@&S) \_zvhrph are asls%gte% pvith mncorrect
. . Size of . the order . .

B O e DSk, Due o hevery
simple GeOEétHISH tHE SeléteadaholdT@ie), virhallp he derioygibsigroccurred in the 5.9 and

excl usi ve conmponent of mcrostructures generated .

6.3 thum ergionmbtiiengjlei hars(Fig Se). iAfi thelsane umgehaniyer, flaere was a substantial

Solidificatjio oduct of the | i.qui ' ol
cirgRyee iRl Pty B Pt gL b R idbia. Both aloy
grad®l BIEAY RS hHAk Jg@ 'bmo\éit*, RcdopdA@Y Ymethd draphid @dnarioh stedbvwed df several
Mh- Al -Fe internmetallics and My2Si 1 nclusions, which,
perasni. Fheperesityhad mfermafirandomlydistzibuted indjviduabgaps ar clistgas (Fig. 8b). The

L
ol SR 1 MO 5 R S ks gty v

not e}illy datcetdbla-divtjng egcron®picAtbsérvgifonsagni fi cati ons, the
a- My i sl ands,

Microstructure development

The predominant or exclusive component of microstructures generated during molding in a near-
liquidus range was the solidification product of the liquid fraction (Fig. 9a). At low
magnifications, the microstructure appeared uniform with randomly distributed undissolved Mn-
Al-Fe intermetallics and Mg2Si inclusions, which originated from a metallurgical rectification.
Due to their dark contrast, these phases may be misinterpreted as pores. The dominant component

represented a divorced eutectic, where discontinuous precipitates of the Mgl 7A112 compound
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with a size of the order of 20 mm exhibited a
di stinct contrast caused by differences in chemstry
\VQEM@M&BE) I'n addition to the matrix, a neglipCbCa2005001707

deco_f&g’ &5 %0 an:c;g& ] - - KA re@ ﬁshﬁ? ﬁlgpﬁgagﬁ{fﬁﬁﬁ(ﬂ{s El kMg islands,

Yot Sol m cr oscope
with PG Jrifedhi B8 20| R exHosi R d AN iRE: coRRashbAiRed By AEEeh&Y in chemistry
the representati ve (honbgeneous) inmage and cannot be
(Figu¢ed directly to nmeasure the solid content based on
the stereol ogical principles. The solid" s norphol ogy
depended on the thernal profi |l e of the barrel;
V,
ins NGB S RABERIUIR ol 055 kY o MBS BlRBENRT 100
For vw&ry éowp Ecﬂhl&ﬁhedtstthe mlcsmsloeljaa magnifficstivesgsed héra neytbh éyo hlgdto portray
a formof rough spheroids (Fig

the reprgpentative mmqgen@alﬁl}rr@g%mdtq%nqi Pﬁé?efiéiz‘)‘eﬁ%lg gregpueh sqjid content
base(tiil'Ir Itﬂc%st%@&lég %ﬁh&gh 11% soltub?m%mhro g;t)én 8dhe W@:ﬁnal profile of

ere oy was OVE ove the
the bhﬁéli Howevenddiffelehessedlerd Vesodibtiney thnacebstved prev1ously for high solid
sub-1 | qui dus range; the precipitated solid m ght hayv
fractaoxstWhe@fhe@agmrap@aeqt@sgtetatseb;hemﬂgs terpgfpturerihey hagh o of rough
ar ¢t n €
spheﬁ ﬁ% (g %%,ei 'i‘he %hargc%el%s‘f}% f%hg s%irs \t}geg%é‘lg(e:as]%}}a%% %@ger%ed during

thlxﬁﬁblﬂiﬁ% fe tl{ef:dn&apﬁeﬁﬂl)quld-rh@ Abbeun . Wihdnl ke ﬂlmlylwis Sverheated above the
ogy and content within the range fromO

liquidyp am_;}(ﬁoﬂgwed by @p@lmbacﬂgé@ a g&w,rweﬁye Wp]@gﬁ@d solld might have a
fongvggcfl?e%%%?rigtgi mse&te&r@ n?bci ”fhé rr(])llegof s%lga% 11? %ffe%g%vrggettek’tshape is not

gui's
clea?| hérE Qﬁdatﬁ iﬁ\vé&f‘a s&h@tlrﬁ&t stéﬁ'véwébeﬁﬁhhgjwbE bpheeids (P&, 10e). The change in
and M- grades. The m crostructures

the p@luﬁu cf@cﬂplfOﬂQg’h @dsmméqnh sathén thej igngen frop @ ite apRreximaiely S was not
shown .,.n Fi.

accqwgkgn%vd%@t éﬁaer%m 8? ﬁlg &n!ﬁn El’gt i -y) \Nf&rgover it was difficult to

d1st91r§§i§h @hfoﬂih%fo gidaPAifRFENBE 6fAke thatrikARd Slld it dea@id MB-9AN1Zn and Mg-
seen as bright contrast in Fig. l1la. Sone of

6A1|cgrzeicsp|tates were large with a size of 300-400 mm No
not abl e nor phol ogi cal differences between AMGOB and
A291D all oys were observed (Figs. 1l b,c). It is known
@FOSMQJ&@% Asu @?Pl%ﬁe&’gdlulaﬁ%a& daftamQrddhowhlih Big. 11. For
I fference Wwas not obviously seen from opti cal
bothmlbaysgbeypyert inhge®gentoas anl opntiirfell derdrise typp prasinaigtes.domeed prior to

re. di.sconti nugus ecipitates .o
the S dahe 18P Hateah PO OTATA TGS Fign? L SOME AFPYSTBI fyvere Laree
w1tﬁ £ED0L A48, 4@%?1&[' ?\?)dmﬁacblém%GR)%lcﬁleffH%ﬁcég pRivideRWMEB and AZ91D
assessnent o ferences
alloys were observed (Figs. 11b,c). It is known that the AZ91D contains more Mgl 7Al12 phase
but this difference was not obviously seen from optical microscopy images. The only difference

appeared to be more discontinuous precipitates of Mg17Al112 in the AM60B grade.

Crystallographic orientation

An etching technique was used as a method for the qualitative assessment of differences in
crystallographic orientation between microstructural constituents. The color distribution within

the microstructure, obtained by near liquidus molding, revealed that there is no dominant
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crystall ographic orientation between mcrostructura
constituents. The color distribution within the
WOorR@e0StSpUct ur e, obtai ned by near |iqui dus nol BCTIGA2005/001707

reveal ed .t hat. t here .S ' i
prefegte e‘fﬂe&Fai“BH %%‘l‘g gfia)lé\zs c%gggﬁgér?%gf \%g% %%;he grgarl]ltl ggarllra/cell was
diffegﬁ%]ﬂpoﬁ%b&_ grain/cell was differently oriented. The

oys die cast fromthe superheated Iiquid range
showed | arge dendrites, suggesting that all features

The Y&lmllciyg Ifl}ng q%gé%%grg{lﬁe %Eﬂf?l%d P?%igfﬁlugﬁgne gsh%\yf%; l\é{%%ggh}l%rggs, ts,lhgegesting that all

feat TOYRIRRH 2 @¥hdPie lﬁﬁitﬁ@si'a?e@ﬁﬂ kinfifr cyStaNgysapihid c@ientation. Some of them

Injection 1nto a no cavity. The etching showed that .

had t‘fﬁ(rjtnoffpgalblgy ef ppmatyr deyddtesnformed priet riaiechon: HdY pdgq\lg cguity. The
i ndj v [
ctchingsho ) Bt perai g G mPigedgpfs i h@idual grain,
COMRQS ol BF hEN G KieludY. ofbinl {8 fnh Pitedeqy FrbadI Tbihor mat i on
“@ﬁg§06i g%% Pfystggpgbrgghy 5% phasgs@%¥hg§r g@?tents
and an estimation of the preferred orientation. The
AZ9I D all oy, nolded fromthe near |iquidus range,
B@ﬂﬂﬂmﬁgﬁﬁwﬂthe a-My and intermetal lic phase of Myl 7Al
el B RSt s b
an c@Rhdlionbame pref@ted driangtiod. The AZE hiD etoy, molded rom the neapléqitidys range,
of Myl 7A112 were detectable and est] tiog igeicates a
contaipked e ¢-Ag encintesmetallisuphagest ¥ed 7 ig) P8l A rEpRason of peak

. fromi .kgui. d i.hi '
et e P AR DS A B A8 prae e rndomly
orichfeli At b3R)six JdaRs 8NMigl 7 ARILElerk deftiablesandfestightiohlibdicates a volume

peaks are indicated by arrows in Fig. 10b wh [
Fraclion w0019 The dNiEOEsal o aplded TomaisHRLIGY Bkt Chpuafd different -

The vol ' i f - _
ray @§§QC¥}§{1 g%?ep? ‘%]r.ht'l g{r&%%%g Sn gg E yg/e?slg Zfﬁ 1][23%)2 I"lgl? ??trwé%%t?dolﬁcatmns of
Mg fﬂ%ﬁ %Egﬁ](f)\ﬁ%ﬁlﬁls,até@w Afovdt FIP e 08iWhereaRéit Mitensities arent afevel of the

| oy, di'e cast froma nelt, superheated to
backgFBurdiGioisesTiEhatumé conkilgition 8€the Mgld i Anhase, o3tipaied fyom a computer

T AR T O T
die é%@ﬁ%%@?}?é Eﬁéﬂ:gg%eﬁgd ¢oBIESE, 19EhdwWhitinHi. 1Ad. TexbitAs &isoaldy detectable

_ nd _ esion characteristics There was a
lowsi i@ftnfiticesTMgli AT £2 prakethian thahafteroepHisjubdyy msfdingghown above in Fig.

de- cohesi on surface be he nearl i quj,dus nol ded
13aafhe estimatedseptisriaf dhe Mgaqﬂgﬁgd’&%sec‘%%star "t“at?lco)fj‘ur es. The
typi cal cross-sectional view of an AZ91D tensil e bar

after near-liquidus nolding is shown in Fig. 14a. The
De-6blagionRBM@EErRdtIRsl

There was a significant difference in the morphology of the de-cohesion surface between the near-
liquidus molded and the éuperheated liquid die cast structures. The typical cross-sectional view of
an AZ91D tensile bar after near-liquidus molding is shown in Fig. 14a. The crack penetrated
along the Mg17Al12 intermetallic phase, in particular, along the interface between the a-Mg and
the intermetallics. There was no noticeable coarsening of pores in the crack vicinity and no
transcrystalline cracking of the primary solid was observed. Instead, the crack penetrated along

the interface between the primary solid and surrounding matrix. There were numerous particles of
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along the Myl 7A112 internetallic phase, in particular,
along the interface between the a-My and the
WO naosnnEdal | i cs. There was no noti ceabl e coar seai/ag2@6/001707

o B S SRR AL hon e
cohdsfdf sGFfREKtheRREALBLRSM BlcRRRingiendtitaar.f ace between the

primary solid and surrounding matrix. There were
nunmerous particles of vn-Al -Fe and My2Si, undi ssol ved

duri [ [ting. Si t b ..
The AR BB GRS SFEaL IR Gt AL PRCRTT SRt Dok B iauid
exer\ilmeﬁtaﬁ?%fo%@ﬁgﬁn-g@ 6n HR A Hutd BedRARRAFR L 4. THea8EBAs which separated

oy, processed fromthe superheated _
the dohge iehdrigesand kall diffprentcoystedlographigericuatom thanghe rema@ininiganatrix were
mechani sm (Fi g. 14b). The regi ons which separated.th
the weskes P harRIPIopAIS A aelaRE G 14 b M B E Bt e S the o-Me:
Lent at i on..t han . pi i -
s LR BRI S TR Rl o g RS
porel Wek hPa e defichhily 88 thishas parbigulafifgdbiidbusZor pores residing in the direct
intermetal lic interface was the typical propagation
vicipityt ¢f the dedeohesipn sgrdacet he shrinkage pores were enl arged
significantly and this was particularly obvious for
pores residing in the direct vicinity of the
coNe1LIwioN on surface. CONCLUSI ON The experinents
conduct ed show that the injection nolding of, maqnesi um
Theakpainsentsroatectedshomothet ththinjactipm srolding ekmagnssinen allqys, preheated to

. . liquidus val ue, .dim nishes sqne. di [

von et B, ok PUB et I BEEVRLLBARARHY el fr e

castRg o? Siferhcafel Solts i ghokesity (F %_SJEQEG arldi 103 iymost likely attributed to
attributed to the specific solidification nmechani sm

the spredificsslidificationfrasbanismandresyltant fine, untorm srygtuse, ps disqussed below.
| qw. Furth he st .densi ficat : .
rurbl g p TSl opb TR Sy bR PR Wbt orsi

of RONORiLd Yrtiefe. t he rol ded article. The operating
tenperatures at around 70-1 OOoC | ower than the die

Thecastatin | teyperafusss draroupsd HH1CeCatpaver dlkarr the shiel cpyy allaxy algo brings
savi ngs, reduced deterioratian of. machi ne/ nml
adv%rg?ﬁf:é ﬁ).éq{fzge l?pben,eg%’&egagsa{qgggﬁ d8§§8@89?§9%%§1re 6{1[1?1% ﬁorg%odments and
red\}gpéh Qﬂﬁw ngef §x @Gag,o}d?iloﬁ Ghd SR dERInd B irfédtRE nldihp gelies on the barrel
arrel” sealinhg concept using a thermal plug, it does

sealitgfcoatdpousifiga tterrhaliphry, itabesonot plea farsgbstdntiahey episiatiegof the molten
alloy. Therefore, as .a processing which utilizes a
alog sriferaisa preAersingy op Guteng Sypsthodist Bieteterna i vilgejeeted here
RS n A isBirCRHh iaRESerBdatddt liduidaRdesuffer from the
BOtfsl%er Qté%(?gkgdlg%rg?ég ger?% sn fer from tgﬁee di sad({/ant age .
disddRaitagetthitst igldifficuttt prodocepinby smmdcampgnentsuAduperheating is required to
confp%xqgl?en%gttﬁé hé?lt ?ousrsJ %{nr']lr?ga Erlau?s%erl tg a%g %léliagl%gnet 1% the hot sleeve. There are a
number of key differences between die-casting and injection molding at all stages of processing
and the alloy’s temperature is only one of them. This should be kept in mind while comparing

results obtained by both techniques.

In addition to the component’s integrity, the processing temperature exerts an effect on the alloy
microstructure (Figs. 9 and 10). The non-equilibrium solidification of magnesium alloys starts

with a nucleation of the primary o-Mg phase. Subsequent dendritic growth occurs and the
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conpensate for the heat |oss during transfer to and

delay tinme in the hot sleeve. There are a nunber of
wheopedsdsper ences bet ween di e-casting and i nj ece€DA2005/001707
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vol ume were believed to act as nuclei for new grains
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characteristics and nuneri cal nDelng whi ch stat
duripg anold| fobog.aln facty st &l diffiauitntot deparatphthdse evd comub\ﬁalnsoﬁurbulence

e oL e e b PTG AED s e
preiBKRLRIRS UM upAREJdYF ltﬁerbgg? agufaqutlfeﬁ?ée' A28 1R %@%ﬁlendntlc growth

processes at the earl reezing.
dueft(amrmqsumalenﬂembbl}nga% samiin@ig he, sshdifidatidnadvies not lead either to the
Il oy, is, the agitation exert

ed b
grofyip %Zfém QEHE; fjﬂ@né’é@fl QANER Solibeleb G A EEPeSt BYAY alsp b atfected by
sheé?aﬁ fs%}%u@@ % &J?ncpa?* s%ﬁ&ﬁ&?m% Sﬂ’g? bf thQ}[grll]rHBJg galftlhleé 4ld4he absence of

fac fcult to 'se ate
a pro:lnnientl d])fﬂlsumﬂﬁmnﬂ'ary ayerarownd thém ce:étrmetﬂxe Bsowh gifthdesl bﬂﬂsllei due to less

af fects destablllzatlon of diffusion boundar
avali’%’if‘elfm%%ﬁ b bidgianidimtestase| Hardhis aeasen. aplidifeaipndyy Agans of fresh

nucEQﬂldndwitllaﬂ Welnkip L&ﬁfn@‘f 135} aflg k’%oﬁxléﬁ B(I&Stﬁg gr)&sql?ﬁ] gf éflétﬁlg particles.
to conp o na ercool |
ThuE!a gheat fate Fromiottis ﬁmta&b Itlﬁ'huldﬁx&sin ﬂﬁtselhli’r&dlcﬁdlﬁr@%ndte@tabli@es a uniform

temperature distribution throughout the melt and this condition is ideal for nucleation throughout

the melt.

For semi-solid processing, the room temperature microstructure allows us to reproduce a thermal
history of the alloy. While exploring the near-liquidus temperatures, the features which provide
the link to the processing parameters, are less distinct. For sub-liquidus molding, the alloy’s

temperature may be estimated based on measurements of the unmelted solid fraction. A lack of
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growm h of existing, or the formation of new solid
gl obul es. This aspect nmay al so be affected by shear.
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conpl etely nolten and then parti a‘lﬁify re-sol.idified. )
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m.xtures wi.th.rosettes.(Fig. ) u e. rafher
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assessment of the processing conditions. Wile
to link s tehasilie sgertgtleclid S ewith thel sobé dmagfeen fsf  nechani cal
properties after sem-solid processing, two factors
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reduct i i rOfIAcY. L4 4r4€ nge dye to a
nodi fi cogﬂgo o@ tﬁiéf(%f%? szgjrr%%tdﬁlr/éeﬂr@lt [ s&gl ear that
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where, i represqaigsRin sERt Lhecurimpm sdenedh of 26NEs indamuly &é for fiepqual Ois
sigr#iﬁclzc | gﬁ E(ig: erQhart Dﬁu%itr{eag&{eldriﬁﬁgl A1 Prekafck ¥F prihaty?Ed1iAs r&QBits in an

€ proper
enrichment of the remaining liquid in Al, creating more Mg17Al12 precipitates, affecting matrix

ductility.

When comparing the AZ91D and AM60B grades, the major difference is the higher elongation of
the latter. It is generally accepted with the quantitative evidence published that the first alloying
approach for better toughness is to reduce the volume fraction of the Mgl17Al12 intermetallic
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of both nol ded alloys, shown in Figs. 6 and 7, is of
the sane nature as described previously for
W(SEO%/O&ISI;)]Q ]g-st ate regi me nol ding. The reducti oPCT/1A2005/001707
stren L Vi [ 0
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difference is the higher elongation of the latter. It
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thosbpbtaAled hitet cuneentivnal dastingh Adele thé oregmingcun bofshigwi Apr12l alloys, for
was in the range of 2-7%fqr, AMGO grade and from5 t
Me-fdand yie-Abda plloysndnereased Fﬂq’gﬁ‘thPte f g%?g‘igt’waﬁ refucRR B strength
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Figdy54 dnd 150 veigest diat Bk Abdnd Allg- ATH7m atloysgitiethieir selidieatibmsiegtures are
on X-ray neasurenments of this research provides I )
not pagt Sused farcsemiialic, BROSRSHE 1WA SHOSMBBICie o th prilied fraction.

A5 e SR TR B gy ot
achiphee highrintepety &¥uétoredBAhEhgmadentgniiajtionSifstrengtiend ductility.

strength of AM60 and AZ91 grades is very simlar (Fig.
6), this finding woul d suggest that for optinmum

R e e S

suit#blé &R igjedlionandleint, Bfwillbe appretisted bReticat kiilledatht ed. t hat
sem -sol i d processing provides properties which are
superior over those obtained after conventi onal

cast.i ng. ile.the,for. i . f.or. . .
R B it ppesing v
requiifb ladigh© BéRil o @fe B39 WedpdrafituchhdtMhdaildy iS tniaitginkd at a near-

and ductility. The netallurgical characteristics

liquishis Hempetathies; @s glede it ther moldingscavity @amepsials. sHwvipiertion mold 24 is
preferably configured to include at least one temperature controlled melt conduit such as a hot
sprue or a hot runner to convey the melt to the gate during injection and maintain it at processing
temperatures between injection cycles. A suitable system is described in Applicant’s co-pending
United States patent Office application number 10/846,516, the disclosure of which is herein
incorporated by reference. By using such a system, the flow distance between the molten alloy
with a controlled temperature and the mold gates is reduced, thus minimizing a drop in
temperature. Preventing heat losses has a particular meaning for magnesium alloys, known for
their low thermal capacity and tendency to quick solidification, which disrupts the complete

filling of the mold.
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Figs. 15a and 15b suggest that My-Al and Mg- Al -Zn
alloys with their solidification structures are not
whewb/050594 ed for sem -solid processing wth subSt/antioabo1707
content of the unnelted fraction. Therefore, for M-Al
and My-Al -Zn alloys, the near-liquidus nolding is a
The hRAd1AL bOUE- K- IThQnE B1d-6A Pdllvly s \aetet prehdatigghtol antaergwiténgperature range
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s S ipyAReT e el i, PERERE s AL i Bimized o
neglifbleMReeCci ated by those skilled in the art. The
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trol_.of the.alloy' h [ .
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honizogeﬁegﬁs ARl Shdigls 6AHIdeuPSkeB AR SdtireSof alRE; Wikl £§bicARiZRI J0 mm and

I's preferably configured to include at |east one
no doenspdiredtional deadtites Whadh weild resolt duint prscastectie selidifigation. The a-Mg
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eithGtcaimpiet¢in biesant cDpfdserd impgligibdt anoounts, nitexceeding46s 6f@lume fraction.
the disclosure of which is herein ipncorporated b
The, sofid  nartrcdes %i/n %p(ﬁﬁalg A eéltrg}glpbeﬁe]mul(i1 ﬁgc'i Aensesen; gtrécﬁeléology from
alidfHdink b iR hetal phalbSIME AAbYE Bow path
Sph%ﬁ%lg\?(ﬁ&ekgr%%?ﬁgggsg%sf 1sié:p%ecf}t}%eg, t hus amﬁ%ni m %i ng aadr%p owpe
within tHegpgienat ure. Preventing heat |osses has a

particul ar neaning for magnesi um al | oys, known for
their low thermal capacity and tendency to quick

S : o :
el i ShbRs MDA fid Bho L DGO ERER § A1 SomBination of
strefdth @id gloedaeiah thag thiedr cdun@rpactsvptodngerfatn the snparbeatedlmuirthnd by the
the |iquidus |evel, Ieadstothefor{lr,aion of . . .
semprsglil irpte g he ensile propgriies bepgfitnfrage @iar Yuycfupal integrity and fine
. unavqi dably present after conventional casting, which
mlcﬂqsﬁ?&z”ges superheated nelts, is mnimzed to negligible
| evel . The matrix of near-I|iquidus nolded My-9Al -1 2Zn

and Mg-6Al alloys is nacroscopi cal lé honogeneouys and
A maplgnaitis comppsitfeiset;gombivaiipns o g dngipllis compauapy Wil 4 rejnforcement

t Vi si.ze of 20mm ' ti :
congiRF b2 Gl S PP SR AR LB B oy coramicor
oth&MdtéHal §ueahié @0 extmpled-cbitigioas fiberfsuhasboron siléedn byrbide, graphite or

mostly discontinuous precipitates of the Myl 7A 12, X
alumimaew e intIndiog pingstenstieryiliumsitagjm apd ol denymnandfar discontinuous

mattglg:ﬁ? au%}xiag rﬁb(e:r%,S \%fhlrs]lgerg g.rg)drﬁa%lij&l%t&? $heé gle{gf l:&ﬁpon-gn?pre{/ih% dompliant

support for the reinforcement component. The reinforcement component is embedded into the

metal component. The reinforcement component does not always serve a purely structural task
(reinforcing the metal component), but is also used to change physical properties such as wear
resistance, friction coefficient, thermal conductivity, stiffness, strength, heat resistance, etc. The
reinforcement component can be either continuous or discontinuous. A discontinuous metal-
matrix composite is isotropic and can be worked with standard metalworking techniques. A
continuous reinforcement component uses monofilament wires or fibers such as carbon fiber or

silicon carbide. Because the fibers are embedded into the metal component in a certain direction,
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either conpletely absent or present in negligible
anounts, not exceedi ng 5% of volunme fraction. The
W@ 0065399 ti cl es do not contain any entrapped PETIaA2ZD05/001707
n r f

the 85 5B AR GRniC LGOS, R UOMEROR O (P bl affcts fs grength

Onedf! ‘ﬂ&gﬁﬁshﬁetal metyixofripovitep akdd bﬂrcbmﬁ]anteheassthstemforc&'mmt component.
near-|iquidus nol ded My-9Al -1Zn and My- 6A1 _al |

The digapmsinuops sinsereement comppReat 1ss whiskers' ﬁlgqrhﬁ'?ﬁﬁa of particles.
el ongation than their counterparts produced fromthe
superheated liquid and by the sem -solid route. The
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met&lﬁfr@nd?fﬁ%{on%hgﬁlg NRfued pidse SiHfein@Ssqhéee- nﬁﬂﬁrﬂﬁﬂrﬁénd stir-casting.

continuous fibers such as boron, silicon carbide,

graphlte or alun1na W res |nclud|ng tungsten

er n|un1an ol enu . :
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support for the reinforcement conponent.

reactioh Withircepreatrsar offemestal-matriz chegdstt).i nt o t he net al
conmponent. The reinforcenment conponent does not al ways
serve a purely structural task (reinforcing the netal

A n‘fe?zm}ﬂﬂﬁ?tc)) l& R nRinPa el Qorﬁm{éﬂﬁ avD¥ $¢ififrcement component

pr opertl es as wear resist ance, friction .
embzdédd in mheamettalht bemnpaient) orad uwidediat g/neas{luqﬁfdnetcmperatme of the metallic
strenﬁmﬁ heat resistance, . et.c. reinforc

COMPERHY mokiing, Brogess Y rAncBiseion, 81?2 197 MCLCE: ntejﬁﬁ JBjggtionymolding
macglgrgecﬁ rI-HE AL tlﬂlxgr%t fnj E?étlgﬁ)- *n RlinS nlaSPhE. OGérférélmheA method

_ stan wor Ki ng t echni ques
invdl@eﬂi malhtising e ndwratienmpea tem;mmnneexfta slewy ofrtheahéethlametnix-composite
wires or fibers such as carbon flﬁﬁ@ or _si

(whichrwrsdecated d afeast 3 prat gfithsapldiganachine Ry g@rtht IBC"(t?pem ahead portion
of tﬂeﬁﬁlgfdm %ﬂ&%ﬂ&lt i aq?rﬁﬁ erﬁlﬁ% \%ﬂ%er rﬁﬁlt t'h efbl {8 td ﬁﬁi%rtthé@ around) the

ruc al1 gnment  of
liquiihis @éﬂl}i’drataxfefoﬁ tHeSmdthltic Sérﬁﬁdﬁl@hfso tﬁlft&h@ﬂum'jnef the rrs:tal matnx comp051te
netal -matri x conposites used boron filame

st b soapblem Sl ol {hadb gl B2 abpreciated that the
temp&alk ORGSR v rH% % g ‘3 all 'u§ e[lxsmetaisﬂlgfrfxé 51%@ that was
B epay et &5 v

r|x nmposite 1S

mad®ybyBa etBbd chﬁﬁi%ﬁ &Qﬁet@ﬂhb @bmbbr&mt ﬁﬁ)ﬂ‘dedrﬁyl zomldlmgemad:hlne that was
al l'oying. The metal -matrix conposite is often roducg
configured mmccmtw@ aﬁwemt@teéaﬁthq sIHEY SathEt § tIRRFEAUTE SAER NGYY, the liquidus

tempﬂ@ﬁ;lrj%@ﬂg oﬂﬁ% rc%gnm%)orie'np %BA the E’fu%%ﬁé & §01{%1%'6H{%Hi rﬁnéiﬁfﬁiom about 0%

to about 5%.

By way of example, for a slurry of a metal-matrix composite that included a metallic component
having an alloy of Mg (specifically: AZ91), in which the liquidus temperature of the AZ19 alloy
was about 695 degrees Celsius, the temperature of the slurry was held, in at least a part of the
moldingl machine) within a temperature range that extended from about 695 degrees Celsius to
about 693 degrees Celsius (that is: about 695 degrees Celsius minus about 2 degrees Celsius). A

molded metal matrix composite having the alloy AZ19 of Mg had a solid content that ranged
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nmetal | urgy, diffusion bonding, |iquid phase sintering,
squeeze-infiltration and stir-casting. Alternatively,
wa sosi59hi gh-reactivity of netals at processiPQI/CA2005/001707
tur C | Qi
rorf STRFG2L 385025, A5 D SRR IR spa o ot
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inclydedan thegmetpllic compensnt ef the metalinaiix eOmRasHe-| i ¢ conponent
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In aQleftin@l émBodimés, 166 FRAME ¢onionant Tt ddddn Bagesiam Mg)alloy, and the
~injection nolding machine. The injection nolding i )
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an gt o Rg e bR AT Pt B G e Shs bRy andioran
alun®RhAlbaS8E a[llozf'aﬁ@/ﬂpﬁ’_%i'nh%aéé&'h!ll@? aBsnyl RedifEioh And@perh@i@idion thereof.
a part of the nolding machine, préeferably located in a
The meeptiespam tailonwesd AZBED irevidg adowraatd ¢oajenti t hi n a
tenperature range near to (relative to and/or there
around) the |iquidus tenperature of the netallic
The%gémgﬁﬂlblnﬁg by BRimd1BRe Shadhin¥ wak a tdiRiIEBArathd Wiisilebar is an injection-
conposite had”a solid content that ranged from about
molB&d tmecabanibf Sgécifledl dilehsibis, apprtbe ispdcarden iatisedhie determine tensile
tenperature range wl| vary depending on the allo
propgstsg of A matgrigl 1 W@Bﬁ%i‘?‘f"e that was nade by t %i s
nmet hod i ncluded a netallic conponent nolded by a
nol di ng machi ne that was configured to control a
Thetpesfpeedanethed mtlutdbdths faltovingtes an operatonseAanald defirangyfour molding
hear the |iquidus tenperatur f the tallic )
cavigignyarRhealahia 2004 GF S HuRCa: SHIRS @ BBRRSSHIN pahpisgetermined
. 00 . 0
vl R e RISy AR Bl M A s Bupit o
moldizigahdchihec OTHOsiREUNn dasbidaparticieafwidydifferdyt {izgseviefd aided i different
AZ91), in which the |iquidus tenperature of the AZ19.
rateg pndovp e i netupt(sithrs duge andfen thpq)of theqpetplappiEx spppesite was not

conf%&]let he a?’Léi{e{%)éf%@esnBﬁ%r?%rJaEl%iﬂé. b%ﬁﬁg RwPRthino] RM@ of the molding
no Ing nmacnine) w | a en‘perat re range t hat
machiieeSidasirtidl@mwabnited 68t thepagrsiuedl by tmt was lahted to H8Misolid state.

degrees Celsius (that is: about 695 degrees Cel sius . i
Themnaidias asehine wasergAngedto@stusnylaly a shot pbihg aptalwpatiix pemmpasite havinga

osi.te havi I 9 "
preGiRTRERY fordP el Bt eipfing pa Rt AL alpy stumy ha
hadRe‘cARRIIRET &h&htlof 83lid dyBteheWRRE plodésted mnpEbAafel (it vl be appreciated
metal matrix conposites wi |l be different, and the
thatithiggenditien is nebhpgsessry cosdiien on the type of all oy
included in the netallic conponent of the netal -matrix
composite.

The preferred method also included the following steps or operations: A total weight of the shot

was computed to be 250.3 grams (g), which included 143.7g of sprue with runners and 35g of
overflows. The shot was accumulated in front of a non-return valve. A processing screw was
accelerated forwardly to approximately 2 metres per second (m/s), and as a result the shot was
injected through the sprue and the gates and then into the four mold cavities. Further mixing of
the SiC particles took place during filling of the mold cavities. It is believed that the SiC particles
were sufficiently homogeneously distributed within the molded tensile bar. The sprue and the

gates defined passageways therein has a cross sectional area of 65 square millimeters (mm2). The
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In a preferred enbodi nent, the netallic conponent

i ncl uded a magnesi um (My) all oy, and the reinforcenent
weowposisee i ncl uded either finely-granul ated pe€T/Cabms/001707

f ~silican r i i Q.. hi I '
bare g g B e TRl ke ke T BRICHE of 7omm and a length of
approREnesy Wn2bas@sktak). Qv tingaloprodle of theibauet bas edntedlledyby electric-

and/or a zinc-based all oy and any conbinati on and

resigtancerbeaters phacedhette dic bameh andiedsatarn ware srpupediniorbepting zones. The

havi lid tent . T [ .
therg P Rl SHEHPRE e 2P G R I PR PR B Spitciffuced he
metaic béthFSiehORAMad @draeREE b MBI Uurhelddqstatd R6in Abo®ITYS Wdbout 5%.
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properties of a material included in the speci nen. The
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reinfpreement gempgneat frokxied\q P%W&%%ﬁnag@%hahws&% ﬁ‘a"t rejpforcement
' ] ate. The nol di ng machi ne was
Con@?@fﬁg@%ﬁ@%@?ﬁ%&hgﬁ%ﬁé shot of the netal -matrix
conposite having a predeterm ned shot size.
Preferably, the netallic conmponent included a . X
Thefallwing ds & fisgipsion of the mmﬁo waPaSéﬁﬁﬁWBﬁ ?fgometah%w composite
oL da81i56 J r | hatoRimdrt fis that the SiC
R
partiti eSS aibytaftigivni formly disntbupede ithin elet nreta hodtrad @mposite.
i ncluded the follow ng steps or operations: A total
wei ght of the shot was conmputed to be 250.3 grams (g),
ich incl . L4 hyar e _ ixod, it
FIGH Db iy e A B e eI, A Yomposite
mold&d at £hedrliquituy¥ @empertuRC BHG. MYisswealedvandd nadelilingtes) = 200 um
forwardly to apﬁ)r oxi mat el‘éa_z netres per second (ms),
(migsprnetess).an tlesssample Ne- Is st Silvdnclpdgddinelirradrdnagicleshe
sprue and the gates and then into the four nold
cavities. Further mxing of the Si C particles took
FIGP| 2158 réptedentatibh bf the ehietbsthideureof FIGE & httd Idgher faghification. FIG. 17 is
bel i eved that the SiC particles were sufficiently
scalnd atolfemactid00/umi st ri buted within the nol ded tensile
bar. The sprue and the

FIG. 18 is a representation of the microstructure of FIG. 16 at a higher magnification. FIG. 18 is

scaled at 10 mm = 50 pm.

FIG. 19 is a representation of a microstructure of FIG. 16 in which details are shown at a higher

magnification. FIG. 19 is scaled at 10 mm = 50 um.

FIG. 20 is a representation of the microstructure of FIG. 16 in which details are shown at a higher

magnification. FIG. 20 is scaled at 10 mm =25 pm. Item 2002 is primary solid a-Mg. Item 2004
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gates defined passageways therein has a cross
sectional area of 65 square mllineters (mMmR).
wab@basesed of the nol di ng machi ne that contai nedI/CA2005/001707

is Sf%}crﬁ}n\gc))( rra?rﬁ lpgrlt%rs‘t ﬁEm?OO% Qi‘g;%@tﬁ% t?aﬂéﬁﬁg &11(?]1 (11 frla%tlogf The metallic

comﬁblﬁanb and ele ﬁ&ﬁﬁ’ox@&ﬁ&ﬂt Qbhpbndly cembik o doras astlla?stmmally homogeneous
eaters placed onto the barrel, and the heaters wer

mace-giryséte.i Ateshniealt qfﬁgt ofghissmbphianank isrthel thﬁamsraihcéoafpw% and the
h h
renRgXetnt ¢ R HREn  sTE iy P BBl Fet

fraction of an un- rrelted phase from about 0% to about
5% In an alternative, the reinforcenent conponent was
FIGs2 xs@trqtteieotaben oﬁ@mmamtyucttéa@f 3 sanplaNoj Zefgt metal-atrix composite

o TR BB R AR o sampleNo.
2, t}f%fsemmﬁdeucea@ewg@a%ayﬁnm&h the netallic conmponent.
In an alternative, the reinforcenment conponent

i ncluded a netalli c al l oy. In another alternat|ve t he
FIGrc%qe 'fﬁ”g%&,ﬁ%@ﬁgﬁﬁé’ &%ﬁu&tﬁ{e&?ﬁﬁ? az\}gr? vaw detalls are shown at a higher
mag& L lis &&[&%P%‘ﬁn{ g4 Mﬁeﬁeﬁ PO ﬁmaHEoYlﬁta -Mg. Item 2204

not her "al'ternative e relnforcenent onponent
is Sideidrfeieembarpattictdst éral 22 (ENmatTheolidifi¢dolquid) fractioa.
di scussion of the netall ographical assessnent of a
metal -matrix conposi te nol ded at near-Iliquidus
r
FIG, FERrBirtiehiauth bFAEALER IR bl Simd GRpCIDRpER nale composite
molddacﬁit&tldébﬂlﬁﬂudus&émﬁérithﬁ FIS. 2B igwehled at Imﬂmosi(IOq,Lm FlnCﬂle &fnple No.

IS a representation of a mcrostructure of a sanple
3, thediC ingpdes cagrsely erded Patiglesposi t e nol ded at a

near-1|iquidus tenperature. FIG 16 is scaled at 10 mm

(mllimeters) = 200 nm (mcroneters). In the sanple
FIGN®4 is & repréient@lién 6fkd mtbeshiiuttdf) of FUG. axddn whithtdetallesre shdvi at a higher

17 is a representation of the mcrostructure of FIG

magnification, HiGglels spalehatflOcemio kI G 17 is scaled at 10
mm= 100 nm FIG 18 is a representation of the
m crostructure of FIG 16 at a higher magnification.

FIGF2$3s a}érésentatian Gdhdnickébtiibiure ST®IGT3 ifrlvlichitalls aré shown at a higher
representation of a mcrostructure of FIG 16 in which

maghéficatibs FHGe2Siscomiedat 19 minghdy imagni fication. FIG 19
Is scaled at 10 nm= 50 mm FIG 20 is a
representation of the mcrostructure of FIG 16 in

FIG"‘@G fshh rdregintation B?t}ﬁé'ﬂﬂ%st@ﬁct@e F g behiplo™BN4 bf £atiaDihatrix composite
20 is scaled 10 M = 25 mm Item 2002 is

molpcd atalrrgeaslulmctilsaem@ﬁratuteeﬁiﬁz G644 ssalsil @ Flmpro}ranin the sample No.
ti.cles. Item20Q06.,is.a matrix -transfornmed liquid
4, o fgfes ppSelu ey pitufel

FIG. 27 is a representation of the microstructure of FIG. 26 in which details are shown at a higher
magnification. FIG. 27 is scaled at 10 mm = 50 pm.

FIG. 28 is a representation of a microstructure of a sample No. 5 of a metal matrix composite
molded at a near liquidus temperature. FIG. 28 is scaled at 10 mm =200 um. The metal-matrix
composite of sample No. 5 included a metallic component and also included a reinforcement

component that was chemically reactive, at least in part, with the metallic component. In sample
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20

conmponent and the reinforcenent conponent conbine to
forma substantially honbgeneous macro-structure. A
wao ewbnsisad ef fect of this enbodinment is that tPEI/CA2005/001707
No. S rbie g SRR he P B BALERB PR PME S pyiciesina
fornofla ¥Ghifest egipgsent ati on of the mcrostructure of a
sanple No. 2 of a netal-matrix conposite nolded at a
. near liquidus tenperature. FIG 2 1 is scaled at 10 nmm
=200 mm_In t.he | e : [
FIG 3% o mopreselialit gh A oftadfuefies SOBIGSS Gl alomer detail of he
mlcl%gtrﬁéﬂ@re g ShoRat FIeL Q9| [sescolbd b 16 maH P00Mh Cherl @06l iepre@dfrﬁs an Mg2Si
shown at a higher magnification. FIG 22 is scal ed at
partitGoitemn 2264 napreskite mpBgRLy solidpr-Mgary solid a-My. Item
2204 is SiCreinforcenent particles. Item 2206 is
matrix-solidified liquid fraction. FIG 23 is a
Acc[n?l’ﬁ%etg %H(Stﬁélj bofimdnt& rﬂ&lﬂé@ﬂl&l@ ?ﬁc‘l‘ﬁ(fés Qnetal SRR motded, at a
0 metal -matri x conposite nolded at a near |iquidus
neart Gidisa¢mipeaturtel dﬁtheZﬁeta]ﬂ;lc somperkntit Préferabiy, while hemmatalligicomponent

the sample No. 3, the SiC includes coarsely grage
exisisaiin plugsy. state.the mgtalic Cé’n‘rpé’BPréé’égtaéPllg R dd 3%. Preferably,the

r 5 [

metg'l}lg c%ﬁatp ﬁ&ﬁ %rr(gl&gé f“l!:a(ls: Sﬁ)@%d bg %‘?ﬂ(g&ng:rﬁﬁgég éﬁeg’?eg?ﬁfﬂ Wthe metallic
conipohéht Ii’fmldeﬁl vas Béldédbypa imding enthihe,and dlie mbkding machine 1ncluded an

m crostructure of FIG 23 in which details are shown
injegfionmeldiganachingni fi cation. FIG 25 is scaled at 10 nm

=25 mm FIG 26 is a representation of the

m crostructure of a sanple No. 4 of a netal-matrix
Whil©ilp pedsért ifvehtitthag beeh des@ibed Whlrehpscttcewhﬁnsameﬂ’eﬂtly ﬁin@dered to be

26 is scaled at 10 mm 100 mm_ In the I}Io
the mt@rreﬁ emb@@sle@f@am& Ye lgxdaﬂwdﬁaﬁtfheém%twﬂsaot gmitgddo ﬁw isclosed
i on
PR SRk I, S HEEHEE ) el hfurcaions

equivhient aZ’Fangénéﬁﬁhaﬂd@i witlﬂnﬂ’fﬁ splrﬁ@ndfﬁﬁopEbﬁhe é’gﬁ)end;edazlalms The scope
representati on of a mcrostructure of a sanp

of tlasf foHowing glaima isrtp ke acsapsisd |th9eb1‘ﬁ%ﬂeélféﬂte§7tfetaﬂ?¥b9&ras I“? %RYP%PB%SS all such
10 mm = 200 mm The
mo‘i‘lﬁ?%o?ﬁﬁq(#?q)?w@!:)%%g}c%uéesoq‘n%?%g 4 o§§ No. 5 included a

nmetal lic conponent and al so included a reinforcenent
conmponent that was chemically reactive, at least in
part, with the nmetallic conponent. In sanpleNo. 5, SiC
reacted at higher tenperature with a liquid fraction
of MJ to form Mg2Si particles in a formof a "Chinese
script”.
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FIG 29 is a representation of the mcrostructure of

FIG 28 in which another detail of the mcrostructure
w0 g00shmsm FIG 29 is scaled at 10 nm = 200 nmPCT/Cam05/001707

represents an My2Si particle. Item 2904

represents a primary solid a-My. According to another

enbodi nent, a nolded article includes a netallic

conponent nDIded at a near-]iquidus tenperature o
. tHe mo&pmna,ol@l@awmv@sﬁ for preldimgapmgtal gHey ante Hen%fl%ﬂ jhape article
mCI%(?ﬁ%ﬁl%ﬂo Igétesd inaslurry state, the netallic

%olid content up to 5% Preferably,
t HeedivR thé hil ¢y 16D anehéctivalHedingappaaus Baliiya Reatsd bdirebassembly;
machi ne. Preferably, the netallic conE@Tent nol ded was
rrmtaumnb;g the alislydimgehhambit nessagemay irrbe bastedipssembhy eith g screw feeder

. ded a
cisogRaBiEm ) argi e A0 iRa et e du gyt hELIGys gperanure of
the MRt is presently considered to be the preferred

enbodi ments, it is to be understood that the invention

i scoumulating & edurhoof dbydn st harsauilatioh pditionef the bagel dssembly;

C the inventiqgn is | t ended .t 0, cover.vari gus.
configling fheloy fEnmsfiicig s e EHE T ARG EAL I o Pl §hagey in a molten
staté"h:s]?vjﬁlgna TBEimR §d1ids 8oiflert ©PB%:; @hq t he appended cl ai ms.

he Scope of the following ¢élaims is to be accorded

t hng ettingalkedloyitomfilk p prodd eftprodefied abape dorsnbdingmagnta e near net shape
.ﬁuch nodi fi cations and equi val ent structures and
arfigle;nct j ons. CLAMS: 1. An injection-nol di ng process for

mol ding a netal alloy into a near net shape article

including the follow ng steps: feeding the alloy into
2. t \minjdctipremibldime protats agroahipatoa€lasn hdwiheg imlﬂd@@%&ﬂep of applying a

barrel assenbly; tra port| allo a. melt
pressure 4o e sHyrry IRtefediafe ¢ thecsfeps OF %ww 511 apd Qn?g SPatiORe

di sposed therein and heating the alloy to a

tenperature approaching the |iquidus tenperature of
3. t ¥ injdctign makiingprbadss agoalingnto Wenof inabliclythie nlleys selected from the

accunul ation portion of the barrel asse

follewsing gesup; magnepiemchasestallogmalingpm dased allpys, Jge%bﬁ%aql al{qygryinc based

ain the alloy in a nolten state having
ﬂbﬁ?%&h&ﬂbﬁgg S content of 5% and injecting the
alloy to fill a nold of pre-defined shape for

solidication jnto the near net shape article
4. Aninjection molding process according to Claim 1 in Wthh the alloy is fed in the form of

mechanically comminuted chips.

5. Aninjection molding process according to Claim 1 in which the alloy is fed in the form of

metal rapidly solidified into granules.

6.  Aninjection molding process according to Claim 1 in which the alloy is a magnesium based
alloy having a nominal composition known as AZ91D and the alloy is heated in the barrel to a

temperature approaching 595°C.

7.  Aninjection molding process according to Claim 1 in which the alloy is a magnesium based
alloy having a nominal composition known as AM60 and the alloy is heated in the barrel to a

temperature approaching 615°C.
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2. An injection nolding process according to Claiml
further including a step of applying a pressure to the
W@ ws05059Nt er redi ate the steps of nold filli ngP@rdA2005/001707
final solidification. 3. An injection nolding process
according to Claim1lin which the alloy is selected
8. Qmh 'é&?onﬂﬁélh&‘é"p?&e&r AR Edtdinl givh Ui vassiedle alldydy $magnesium based
al um'num based~al | oys, | ead based alloys, zinc based
alloyahé\oys 2 nbingali compesitenn lelowmyas. AIS2 and theplian is bgatedb Irfihg garrel to a
rocess accar di fo daim1l1l in which the alloy is fed
temperatpgAppIoR ”EﬁGP@ Ehanical Iy conmi nuted chips. 5. An
i njection nolding process according to Caim 1lin which
the alloy is fed in the formof netal rapidly
9. s\nifjetticatmolding pgcrcmswcecsrdm@ to @l hjirwhich rﬂlqmmmrn@re ofthe alloyin
process accordi n ?}é n which the alloy is a
the haad iecontrpil %‘%@n (99 {ﬂuﬁé‘ S IEMSFAWS  conposi ti on
known as AZ91D and the alloy is heated in the barre
to a tenperature approaching 595C. 7. An injection
10. MAihjRetici Meldisy pamesr attordinizoo Clah mid whichithethmpéretuzd dfdlye alloy in
is a magnesi um based al | oy havi ng a noni nal
the kadppoesnfrobed witbwrC a5thalisbidys emPEEYF oy is heated in
the barrel to a tenperature approaching 615C. 8. An inj
ection nolding process according to Caim1lin which
11. t h iajeb@oh mbldgd Rrersshdbrdirgse Clail loy Wirs any naolten ailowis protected
conposi tion known as AJ52 and the alloy is heated in
from peidetinnrtyt antigerhgasenper at ure approaching 616C. 9. An
i njection nolding process according to Claiml in
which the tenperature of the alloy in the head is
12. coxy ﬁlf&ch&dm‘mdnh‘% Pro@éss @écotdigg fol ©uind U irt whiph that inere gaslid argon.
An injection nolding process according to Claimlin
V\,hl ch the terrperature of the alloy in the head is
1{9%'0% dtax?g,plrocce?s% %cechglull tg oldrl 11 1&1%%{ @t Hfoid 1S %&apté%ﬂo forma
neaxV\ﬁEt gﬁh@lﬁ){wﬁ@k}h@waﬂb h&)éxbéedﬁfg%ﬁﬁt ed from oxi dati on by
an inert gas. 12. An inj ection nol ding process
according to daim 11 in which the inert gas is argon.

13, An | ecti.o Lroces r
o 5 o TR RIS o S L b 1
whlmm%aF REsivpd kSlidRis £X686EHNBELsZ A® equi-axed structure with no coarse

directional dendrites.

15. A near net-shape article according to Claim 14 made from a magnesium based alloy having
a nominal composition known as AZ91D and having a microstructure consisting of a-Mg grains

with a typical size of 20pum.

16. A near net-shape article according to Claim 15 in which the a-Mg grains are surrounded by

mostly discontinuous precipitates of a Mgl17 Al12 intermetalic phase.

17.  An injection-molding process for molding a light metal alloy into a near net shape article
including the following steps:

feeding the alloy into an injection-molding apparatus having a heated barrel assembly;
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14. A near net-shape article fornmed by an injection
nol di ng process according to Caim1 in which the near
wmedocssEpe solid has a honpgeneous, fine equi -BXEGA2005/001707
structyre wt ' ' [
S AL LSRRI RIS iRy oy fir
dispBsedaELIEIR iaHIh &g thedllog Yo Detipagtiire approsvingthertigedts temperature of
known as AZ91D and having a mcrostructure consisting
the alfoya- My grains with a typical size of 20nm 16. A near
net - shape article cordi.ng t ' k ' .
anraned i efFE LA oo Broridh dithe Bl sembly
PrfttAit iR %16} tanfdidtireAd He AURUIERbRbbRiophaserintdin.thealloy in a
i nj ection-nolding process for nolding a Iight netal
molehlstage having aammamumneslids entent af 2¥ocawd | ncl udi ng t he

| A tiedie Aoy i s 0 el bl o Sl Bion e o et shape

artidssenbl y; transporting the alloy through a melt
passageway in the barrel assenblywith a screw feeder
di sposed therein and heating the alloy to a

t enper at ure roachi ng the |igui t er af.ur e of .
18. ¢ Higlp ig) epgcgp’ mg ? ?c{ﬂs? ording p gﬂ%mgf%?ﬁﬁer{p@ql%c&ng %st%of applying a
presSire Q&yeﬁw?ﬁgﬁgiﬁg fstdpb 8 £ BRI BlinasefRAI ¥olidification.

contr oy tenperature in the accunul ati on

portion to nmaintain the alloy in a nolten state having

a maxi rum sglids content. of 2% ?n i Nj ect{P% t he 1
19. Apmggetion e dingBrogess ACGOrUng ¢ 'Awy ' ¥ EﬁSEJ thgetal alloy includes a metal-
Inmﬁ9k88%§£@?ti°” into the near net shape article. 18. An

I'nj ect1on nolding process according to Claim 17

further including a step of applying a pressure to the

slurry internmediate the ste

I . ps, of d fillli. an :
20. Anjigjpctiogmalding pracssRccorgng mqékaﬂ? éﬁ%t‘?ﬁ%‘bf: h&ﬁ&%ﬁ&@@é@du@s a
or.di Cl ai m 1wherein the netal alloy includes a
Ina%@%%%%é???éﬁgﬁnposite. 20. An injection nolding
process according to Claim17 wherein the |ight netal
alloy includes a netal -matrix conposite. 21. A
21. Aametpl-malK| cRMPESHFo SYMRISIRHNpri sing: a netallic
amél cocr(;ren%ﬁen%na%d
a reinforcement component embedded in the metallic component, the metallic component and the
reinforcement component molded, at a near-liquidus temperature of the metallic component, by a

molding machine.

22. The metal-matrix composite of claim 21, wherein the metallic component and the
reinforcement component are formed into a slurry in the molding machine, the slurry having a

solid content ranging from about 0% to about 5%.

23. The metal-matrix composite of claim 21, wherein the metallic component and the
reinforcement component are formed into a slurry in the molding machine, and the molding
machine is configured to control a temperature of the slurry within a temperature range near a

liquidus temperature of the metallic component.

31



a reinforcenment conponent enbedded in the netallic
conponent, the netallic conponent and the
w0 200afsnseement conmponent nol ded, at a near-| i qgeeT0a2005/001707
e r.at ur- f p j ; . '
24 HEIRTHENAGS Shpb 1 ERA A, S SRIRAEER Rk oo
maghéRie) the mbBRIIRRbLAIpbhéht SRR fiifbreamentichmpoin fre faramed ittto a slurry in
conponent are formed into a slurry in the nolding
the malsmgaching thy tempyrapae ohileslupl Vas bedd Paihun p sgrppergjure range that

exwﬁ‘i‘ﬁ?&‘?ﬁ ?‘E‘t’% g %/% tflgggﬁ%%eﬁﬁ%;/gg raégl}% 6§ E ge%g‘%sg(ﬁllﬁg{ (r: Io)r(rp onent

and the reinforcenment conponent are formed into a
slurry in the nolding nmachine, and the nol di ng machi ne
25. iThe quatdlimairis dcomposivn Of claim 2le herein the msfallig 0mpefeny, includes a

within a.t erature range ar a_liqui.dys tenper .
magipsiy ol & AOHBEMaHEeo o anr i Sy S cBbiuiion and
perrff@ higopf claim2l, wherein the netallic conponent

I ncludes an alloy of magnesium the netallic conponent

and the reinforcenent conponent are forned into a

slurry in the noldin chine, the t erature of the
26. dhg rrpc;}a]vgggmﬁeqoan%slttq:] I%FI clamm e‘V}}:ﬁrﬂ? é‘,ﬁ? i¢ ggpponen includes a

: about 695 degrees Celsius to about 693
’““%é%?gggg%%Fg?%s. 25. The netal -matri x conposite of
claim 21, wherein the netallic conponent includes a
magnesi um based al |.oy, . an. alum num.based al ].oy, a
27. ik coBRLBATH COPPAE Sh§laim nshTHR ﬁo‘“%éb‘ﬁuioé?ﬁ%‘ﬁm and the
rein Vé(gceern’?e?l corﬁ@oneglh& Ao 0 & SobstRIRNBSdnfogRhedul Madtolstructure.
erein t netal 1 c conponent 1 ncl'udes a nagnesi um
all oy AZ91D. 27. The netal -matri x conposite of claim
21, wherein the netalljc, conponent and t

he ..
28. [Thenmgtal-evht ce@ﬁ%tﬁeﬂﬁ c 1y aWhegelp Fnrggtalhc component and the
i | i oS nbAEslHcfo-stARturd Ne
reinf O AFL et CRRRGRIER MR TP RS o Spbo e R
metal I ic conponent and the reinforcenent conponent
forma substantially honngfneous m cro-structure.

29. )
29. Themetat-wptrixgopipesitestisien 25 vdreran femesallic ggrapament 1{1‘[4%‘?65 ametallic
metallic e includes a netallic alloy slurr
stoflSy iy e ATPALThichE P

S contént. 30. The netal -matrix
conposite of claim2l, wherein the reinforcenent

conponent is chenmically reactive, at |east in part, . )
30. Whe hetahmatrixtcqniposite jien hi wherein the reinforcement component is chemically

reactive, at least in part, with the metallic component.

31. The metal-matrix composite of claim 21, wherein the reinforcement component is chemically

non-reactive with the metallic component.

32. The metal-matrix composite of claim 21, wherein the reinforcement component includes a

metallic alloy.

33. The metal-matrix composite of claim 21, wherein the reinforcement component includes a

non-metallic component.
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31. The netal -matrix conposite of claim?2l, wherein

the reinforcenment conponent is chemcally non-reactive
wWOowRah/0545¢9 met al | i ¢ conponent. 32. The net al - TERPCT/KA2005/001707
34. SECRSAL R oP AR S elalpEL Sl B’ Hh AT B hponent includes
powdet al -matri x conposite of claim21, wherein the

rei nforcenent conponent includes a non-netallic

conponent. 34. The netal -matri x conposite of claim 21,

ere e reinfarc 0 [ :

35. SR8 gl FRosRe 39 Tt o2 FRCRH Y LRI R P o RMGhe includes
silicoh@arbRlef§i@)cenment conponent incl udes silicon carbide

(SiC). 36. The netal -matrix conposite of claim 21,

wherei n the reinforcenent conponent includes boron

3. 3hd o s AP o PRBR Pl B ot

bordilifidegprmchi ne. 38. A nolded article, conprising: a
netal lic conponent nol ded, at a near-I|iquidus
tenperature of the netallic conponent. 39. The nvol ded

37. @lgftrégth]gwgtfné)%lp%h)rgnﬂg’qsqf cgﬂg ?E,:.\YWV\I,'%{I &Eggoqglﬂgen{?gllplg% }%Ic]éldes an injection

mol8R gt had a solid content up to 5% 40. The nol ded
article of claim 38, wherein the netallic conponent
nol ded was nol ded by a nol di ng nachi ne. 41. The nol ded

rticle of claim.38, wherein the metallic conpongen
38, ohed Al B BB By T CAARS BRI, SR fgperature of
the ABGHBnipBRdddded an injection nol ding machine.

39. The molded article of claim 38, wherein while the metallic component existed in a slurry

state, the metallic component had a solid content up to 5%.

40. The molded article of claim 38, wherein the metallic component molded was molded by a

molding machine.

41. The molded article of claim 38, wherein the metallic component molded was molded by a

molding machine, the molding machine included an injection molding machine.
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