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THE INVENTION 1. Field of the Invention 5 The present invention relates to
a feedst 8k’ lﬁgﬂl cularly adapted for use in sem solid net afCTHPWMIFIEN
nmol di ng. More specifically, the present invention relates to a feedstock
that nore easily forns its liquid phase. As such, the feedstock forns its
|l i quid phase at |ower tenperatures, with |ower thernal gradients, |ess

pl uggi ng and with [ ess 10 theF\?ﬁVE‘F@B‘?EEbéMC nitial zones of the

sem -solid netal injection np ng machinery. This in turn &%is for

faster feed rates, flood feeding of the feedstock) |ong rrel |ife, |ess
down ti MM@W&E@EH or nol ded parts and@mﬂm’l ,ﬁwmﬂwl ng
costs. 2. Brief Descrption of the Prior Art 15 Generall nmet al
injection ol di-RPoftRe iVeNREPCESS Whereby an alloy feedstock TS heated,

subj ected to shearing and I njected under high pressure into a nold cavity.
I—|eat|5tg brings the feedstock into a state where both solid and liquid
phases are preagRlestht hGehtlf eRRlS teaéfeeastetk ﬁmemhngaa%ts@%rmseweetﬁm-t he
formation of dendritic structures in the sem-solid oy. tate,
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of the barrel and nore prono ed therma ock to that portion o

barrel. A sol Bﬂef@@é&?nbﬁ&ko%é@ﬁoﬂﬂﬁs not result in the above conditions is
therefore seen as desira rée specifically, sem-solid nmetal injection
nol ding (SSM) invol ves the feeding 30 of alloy feedstock into the barrel

of the sem-solid netal infection nolding machinery. In the barrel, the
al | olP f eedst oSleneralinagmigolith afabnsstey ”t%d'%é%trthe Hrecess pyherele pav@lioyc at ed
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change of"&RastRbibe RYoy fRgdSOckS hppteg@ng SUDIRFIGH 1o ABFITaPIIYY B SHEW ARAES n,

t EI S p?r 'tHe@«f]nOfAstf étf?lﬁm éga’feraﬂ{tg ewepe&mgemdﬂt etrétai;(erraﬂ thetmneﬁmstotshes conmon
CcCharacteri stjc o e apbove e or allo CKS I S a on revi ew
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stresses. Since as much as approximately fifty percent of the mel ting
occurs Walgyinz2@QC of the solidus tenperature of the | ow ngl t
constituent, |2 advancenment of the material within the barrel gBﬁs’;&?
precisely control |l ed, this pronounced sensitivity to a small 30 tenperature
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Addi t i ongférgncean obj ect of the present invention is to provide a feedstock
that 5 allows for |ower barrel tenperatures, decreased thermal gradients

t hrough the blreasivenianal peaparatios f tnadiaytate &arcoen anhiegelaerrkillet 1niritially her
0] ot} Oforh 1BRPRE ol UM A ifert MeBh LS ca.ppéaqétp%}fdavembumfegl ofdl I ow

for the presence of Sma per cent age er cent

alloy's ﬁhmqnpmprlaiteqalza M@@yuaﬁeﬂni@e fmtr ﬁorﬁ@épm@@t%mogpr Piet, ﬁﬁ@tﬁ‘i@né

t her eby n i al | oy
i the 10 e e e Ao b Sl 2o sub B s

i nventi oﬁ%%arzﬁrﬁvallal&?'W*@é@@pmf@rmose DSC curve general |y foI I ovvs t he
tenperature profile of the barrel over the barrel's |ength, thereby

reduci ng t her ABIMetigardmbevania el Pul theesamarsold IRRoNeRPHNG BOCEYse
present |, O%vsmdn%nﬂ.o%ai Q%ﬁeeaaoéw%s@m el f% .mampdrﬁ r% %SbérF@t.ntWﬁc@

hi gher s dus tenperature than alloys conventiona used In sem-solid
mol di ng s fwmwmvs cﬁrstTHEewerwmnucwbmtasi/@rmmw ﬁgdlcﬁgerm\k@dan@ offtem ¢
limtati ﬂﬂété){hepcfdngrtloﬂl’]ﬁﬁg {;QRzg?ié?ﬁ'ﬁqckt %n@"tr’%‘é@ﬂénéﬁéﬁqﬂk' EHiIGH QV rdeSarfep" an
activated particulate stoc nore easily fornms a port |on of it
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i nvention |s provi particulate ft and i ncludes a heterogeneous
stru%Qurbafrﬁiéép%ﬂecf@ﬁ%éigﬁtﬂﬂﬁf@aléﬁﬁ%ﬁéeét 20% of the height (H-) of the peak of
the main nelting reaction (~Tz, ) greater than 40C, and has a ratio (REIL)
of the height T8 comagreahiarasteristic’ Afiheabore peceh aiey(TBrystpekst mh#eiigei of

the peakiRfew B aTBiBremabl s&hriRAChbAMeYHDSY) dres it I“l=§9”i‘\oQad5thaé’\'thé’&éalloy
feedstock according to the present invention na¥ al so have a nelting range

from sol fegdstogks zshlpitoausaa@ ERIHGOIPYF @DPrPEP T Snefive SURAT {THiAh Malbty 80C

for Zn. Rynhdruiedi %nsﬁ@h@ble%rg{]yaeqm@ﬁ&t@%pé %nawtt@mf;ar%t@bw@on BRe8s
enter|ngthe|n|t|a zone of barr el sone of ow nelti

t enpet at & 8DRYAW Neal: defepnd o dne Reyeldh@ g@rtaepioapyhich t%%fp%%% highyr t her

mel ting @ndehfulecsdaieftknetiRitpant! fb@rrbn d inﬁepénot b@ePE@%RRL) by Righ iteétmal
"Activated Feedstock." |In activati n%@/ urther nelting, the earl eﬁnmresence of

t he |i qubttPSsREiseNGe agaudhRRRPPRRITRTRY iy R%W@P&Wﬁr’@e'ti%%‘i‘i“ﬁj\@ éffances

thermal gomdusdibyd tempetafube obl e R REIRGIdiMtopbtithé}, fraplah@sentidhaheasi ng
the nelt rate. By nore quickly initiating nelting in the injtial portlons

of the bARi&sR! Wl“@%éhﬁt%’f% NG iRERASEANEPN1T "ﬂ'ﬁ@fmungfidr%%é@%oea sIpal |ed to
t he Jmar r lm@satare” B54Hde @dn FaaittinercgRihg Hrade eRdtefidinatHih ti8abar 4k

Because of the inproved heat transfer, faster feed 35 rates inclu |ng f1 ood
f eedi ng ©&MS B‘@%‘E’ltm SEEWi WRER Rechf#REFINGEANT RIUG CEHalIN BRaIs GPOY BRRT car

no longer be produced. It requires pulling the screw and the time consuming operation
of cleaning the screw and barrel, at a significant cost and loss of production. If freezing
and plug formation do not occur, the necessary time for heating the material to the

35  appropriate molding temperatures limits feed rates and cycle times for the machinery.
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WO 01/ 02612 PCT/ US00/ 01516 barrel tenperatures and obviates plug formation
about th@voscﬁ/o‘ilﬂz Al so, alloys that would typically have h?*{@%ﬂﬂbﬁ? of a

sol i dus tenperature for sem -solid metal injection noldin
nol ded in a sem -solid netal injection nolding machine. These and ot her
obj ects and fleatey ekthefaboNe apdairertlimitaliens.iibis an ehiedief thsr presentaadntipn

appr eci ahaflolite barfitlibleGeddloddings AR Reic [hABR kel PMIng for -

descri ptl n and ¢ In conj unction wt raw ngs. _ ‘
OF THE Dreter Ne3d Fnatas @nd sd@r@asleérraml@ times Sor dbé¢ emyfsolithenjeetiali enplding a

sem - sol H{wg?rm?é ! Afgltlﬁﬁ%yf)an %B eg.f %%E@?%Ee’ﬂ?l %%%WVYE & Brc}vhfe PFRIEEK 'tr{é‘{e”t ion

my be lze urve ow ver sus tenpera

for Az9lalbwal fboyovmvbawl aernperemeel gedreasedotyerraugradientscthuoughating baresl same
alloy h gene ot ' M, AHE this
case ang\xé R%n g%ggﬁrvesgﬁéckfs r" ovﬁ%l [ gq%%é}g)aﬁ%& gf m\/\%ipég?éﬂémv%gﬁ&gls%, FI G
3 is a DOsovideara éecdstochzgiciDwall btyw ffor thed pfasenten of @csroble dettiestagasifiveido scr ap

15in b n@ﬁ%@&ﬁ?@%g@@gé mm%ﬁp@@@gg%@% firf ABatin lg‘n e bt e Aablife CUT Ve

for AZ91 or e ma se I njection scrap in both
het er ogethereby Emoviogroigah evansfer otordhe Frﬁmalrtmg s:oastmwt@mfvﬂﬁef QHOYAIVBOh%tl | oy
th e C for
aea2 %l S EARRTIREy 280eT STHACDIRMS, AEREr oBBel Pl MBnfor 5 b ¥
curve f deeéstz%@)hastd BECi wﬂmg@ﬁeﬁwbﬂq&m@w@mﬂathmwﬁeﬁum beretsqveFl G 8

S 2 DSCRBU L U AGHERAD LU IO ] BN IBhERBPIPRISLEN B |

hom)geneous curve®for al um num
bot h hetfeatige nEthespraseht imrengem sotberefaenbe ablli@ tol@oldsallay DBEt bavese higher

2l um nur hase R ALkoah BiOR DDENFLSRP0SRHR BpdhprmaRpous form: 30

FIG 11 1715s npérat ure-acr oss the

var iqgus §@ﬂ“@fWE?_{!};$g?lCﬁ@”el I ncl udi ng DSC curves for the

het er oge and 6 relative to the position of the

material in the barrel; and -4
In overcoming the above and other limitations of prior art feedstock, the present

invention provides for an activated particulate feedstock which more easily forms a
portion of its liquid phase in the initial zones of the barrel of the semi-solid metal injection
molding machine. Alloy feedstock according to the present invention is provided in a
20 particulate form and includes a heterogeneous structure, has a temperature range at
20% of the height (H.) of the peak of the main melting reaction (AT,.,) greater than
40°C, and has a ratio (Rg,) of the height of the peak of the eutectic reaction (Hg) to the
height of the peak of the main melting reaction (H,) of less than 0.5. Alloy feedstock
according to the present invention may also have a melting range from solidus to
25 liquidus temperature (ATg..) of greater than 140°C, 80°C for Zn. By providing an alloy
feedstock according to the above, upon entering the initial zone of the barrel, some of
the low melting temperature constituent melts quickly and as a result, “activates” further
melting of the feedstock. Hence the title of the present invention “Activated Feedstock.”
In activating further melting, the early presence of the liquid phase of the lower melting
30 temperature constituent enhances thermal conductivity to the un-melted portion of the

feedstock, increasing the melt rate.

By more quickly initiating melting in the initial portions of the barrel, less thermal
shock and lower thermal stresses are applied to the barrel as a result of the thermal
gradient through the barrel wall. Because of the improved heat transfer, faster feed

35 rates including flood feeding can be utilized with the machine. It also allows for lower
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WO 01102612 PCT/US00/ 01516 FIG 12 is a general phase diagramillustrating
a preferred range for alloys according to the present invention for use in
sen - sol Wd’?féqzﬁﬂ injection nolding processes. DETAI LED DEXH/PS0OSIGF THE
PREFERRED EMBCDI MENT 5 Referring now to the drawings, seen in FIG 1 is an

;at_ﬁpar at uadrm@hma%@eyhﬁr&dotﬁmtes @rlug-fgsnhétgbnrmioa{ thiersjcﬁtﬁﬁ.imﬁb,(a‘ﬁ@ﬁ ﬁhafT'Wbdling- f
e construction of the cnln 1S msorrerspect.s,.lm r . to that o

N o ot PR BBy hattoros HGR AL A; FRIAGH feTRERtT e EE e ol CRpRD riggtion

f eedst ochkolding’ edn hyw deltpiped inl? sémi-solid rhetat injdclizr meldin/matghise.r eci procati ng

screw i njection system 14. The system 14 maintains the feedstock 10 under a
protective atTmsgehane ctfier sijettsasndfegmiresrofathet presentoinvergiadt wilebgasoreAs t he

feedst ock i.s noved faorward by the rotating notion, of screw 18, it is
hoat 2t bipHiapenealsdinaots Aiediulie Bshied by g e Broiied cotow 18,
Thi s heaglhiRg, ancbridreasm agh itise di@mingso bung the feedstock material into a
state where both solid and liquid phases co exist, thereby formng a
t hi xot r oBRIEFESDESCRIFNONBFEIHRDRAVeING®mSses t hrough a non 15 return val ve
22 in the forward end of the injection system 14 and into an accunul ati on
chanber 24. U ccunul atipn.of. the eded amount_of nmaterial in the
chanber 24, (hE hicECEbRefeiBorath AFE LatRh den Srel Ryl RtaLiest®Rs v«
a hydr aumotiiractheetioe with ethichhtoempyeseatisivergicnireayree efilizat; to fill through a
nozzle 28 into a nold 26 As opposed to ot her nethods of sem -solid nolding,
t he Hbove desElG.l2d anBSHdurke, hes fliohevashatenageatofe, combdZfihglisl bawyg a
generati on an ld filling inpt sinal.e ep. _kt also mnim zes safety
hazar ds W?F%Wg%@ﬁe%@ﬁe%“gpﬁ{;}%@@%y 3H§| tr}enégrgﬁdalﬁ:ogsﬁawa 9y 3ac?rin\%/%e%ee°§|8- solid
met al al btoysureOheatiag Irsite i8120° &miniutd inbwisf case ead the S catves to tdilewadd iey
feedstoch‘ of the Er %Fep{?siﬂgventi on will have utility with machi nes ot her
t han the Srﬁ?"?ﬁ’e{” @ P rst ? Bd variety. By way of illustration and not of
limtation, s t he ar i et chi nes and. apparat us.include two stage
mehi nes and plaist ¢ PREaeiT tor az B oHd R BBy e b e kéBrrg
machlmesin wiie hetesdgeneyugfonaraatli mmagedeous feots;on nol di ng occur in separate
portions of the apparatus, and non-horizontally oriented machi nes. The
barrel 17 of FH2 4ecHPBe clbveifer AZ91Qatibyaflooned from d sargitdolid iject@ngesldieg of
differ en%crggaﬂ %&g h%?e@%? ne\g{]g %ﬁdﬂo&%ﬁ@r‘ie%ru 94rmiesser nunber of zones may be
ncl udi ng ad R

used 30 (i ional” zones®I'n the nozzle 28 area of the nmchine

10), nine zon I ! o j edi ng
from the end SIChE DRSFer T rared el st e et o R ARE AEog ichie
respecti feemheati ng zones are increasingly hotter until leveling out in the
| atter half of the barrel 17. Wiile the actual nunber of heating zones and
t hei40 r espect FI@ & snp&SE ayree foi AE42 allgy iddpdhBetatpoeneeyseaphhemegengoual | oy
bei ng - 5¢5, WO 01/ 02612 PCT/ US00/ 01516 nol ded, the' characteristics of the
desired part and the specifics of the machine 10 itself, FIG 11
i11ustrates akpng jstspBetd AR BXh ZKB0UNby Pedth RetefQRsodghd Rehbgdrronsct i ve
tenperatures. These zones and tenperatures are a follows. zone One - 427C,
zone twofarms38C;, zone three - 566C, zone four - 594C, zone five - 605C and
zones six 5 through nine - 605C. The above tenperatures are barrel

t enper at ures FEas8ried@ BpCacune farnébhpmadirsiine iddaedn Kppy bRierrgespgus and

thregs quaptehenddusilimanay through the barrel

FIG. 9 is a DSC curve for aluminum base A356 alloy in both heterogeneous and

homogeneous forms;

FIG. 10 is a DSC curve for aluminum base 520 alioy in both heterogeneous and

homogeneous forms;

30 FIG. 11 is a plot of the change in the barrel temperature across the various
heating zones of the barrel, including DSC curves for the heterogeneous alloys of FIG's
4 and 6 relative to the position of the material in the barrel; and
-4 -



(towards the interior of the barrel), the barrel being constructed of alloy
718 and wal | thickness of about 3.7 inches. The t S are
represen"?g;ql@gl?or nol di ng AZ91 and AE42 all oys from partl@ﬁpﬁog}ufsrégdstock.
10 As such) the present inventors sought to design a feedstock with a
gradual nel tiftg- Addeta wenetal ash diagraneiyetrating e pretaade ranasntpr tleydar r el
17. 10 LRESaBNLne PEBEERSIMignfln e JsBOHS Lft.coRd %tﬁ’ ihjSctiAN froMihd ©
i mparting vigorous shear to the sem solid, avol |ng pl ugs, preventing
t her mal PsPReSReSand cracki ng of the barrel and whil e being able to precisely
fix the fraction SO|IdS in the subseuently rml ded part. 15 As nenti oned
LT AEED ) EGNQF ThE PRRERERRE DA ds to devel op an all oy
feedstock whi ch vvoul d enabl e faster cycle tines Whl | e decreasing thernal

shock and st resé&rriag nbhﬁtorfﬁéfd'réﬁnéﬁg sekR i8S F1d0) RYan %Bﬁaﬂaﬂ}éﬁﬁéé?ﬁﬁe IWQQéches' zed
that the resulting alloys would need to exhibit a mld on- Settln‘&rﬁera
it ure

nel ting Wrs%“'%ﬁ%ﬁlﬂtﬁgnlﬁﬁt'qnh@%@ﬁ B0lqiRg.r EB@ £PRYrUSHen ofatheafr\a@vnq é

range, WogR reBhdcilstnfiidrit (R BES Pldshé Myddhien RRIdifY maBMind0 easing the on-set
of melting and spreading out the eutectic reaction, thermal shock in the
initial port 'lﬁ’Eh@ifluétﬂa‘%‘ed)ﬁl%bﬁiheW@We@d&@cl@'%ﬁ‘é@ﬁ?%OhopHBP'i‘z Hﬁ&a%@a%@tbaﬁfel
nmelting and the introduction of i qu phase in the feedstock, thernal
t r ansf er A @ rgcipEOCaiMh T eY '%iﬁ@F'OF“lﬁ’/ﬁWéfF WelTifieng’Smuﬂﬁ Mantaes ithentegestogk

par tmculu?«,fder ét?ﬁdéemkat% ﬁéﬂe"be YSE ab BrpVbr Aoth&endRARBILRAR! h9¥hdnown
as 25 AZ91. Commonly avail abl'e AZ91 feedstock is devel oped by first formng
the all 69e¢smcd5 I8 MAVRE derwaRd DY fenrotee AP LeRl 9fy2 edieypidnd it Reated §yheale or oduce

the all o ady dth@dPid daréd 6y ir%réﬂtuoﬁ%fw&ér@\we@ aPRY ealiifalddSiheanhy ¢s for
an AZ91 alloy are seen in FIG I't is noted that the DSC curves Seen rn

FIG 2, 9978 1P Rnegéhe {egdstesk Wﬁt%rral m PoRteyirse bebnsdig &\ fvisiPhaseacPve to
one anoté)@’t ﬂch@FebE/hl%rrﬁrﬂb% (ﬂ’ﬁlxﬁl'di)rd EMrryTh%éJ?ffattér‘Féi”tﬁér? ph&edsthpalghud inbhzed to

generate a first trace 31 in formed by nechani cally chipping an
Az915al T8tk Mafve 228@|ﬂ'ﬁ®fWﬁf9e§“<f Pb%ﬁ.lﬁl@é@orsﬁs@éw TBh@ndhingg a@@ﬁww of t he

f.eedst oCdhapmer PRAeSRhed bualaRibR 9 HRONSe RAG R &R0k %tér‘faﬂ’rﬁ He%a?r%\' bRg of
the ingot at about 3C/s. The particulate feedstock formed from AZ91 35

alloy i d@@t’m%@i'ﬁﬂtﬁ)’?'@ in 1mitsted by\advaneng hesecipy Ehuith iagrdhaidic asisten (heh of
ener gy %o%?ca&nngTW@n%é%Q&all PEdUgHIORERISAD itk &cdid 06 T €act i on begi nni ng

i mredi ately after , TS bei'ng the first on-set of nelting. Fromthe

di agram and t/h@owsbu% offlt kRtridds bPseml-sdiRd riGBngt (hatandve ugmrmb@mh@munt
of heat nust flow into the feedstock over a short tenperature range, up t

abowQ 4518, the @dyvaitege Pk compbipingEiurasgeneratian and meld g isto a ingle s'gB; dtt ed to

a si gni fAsaminidhizes @B‘etﬁﬁ'&%lﬁdsalvh'@l@@céd?@melﬂ' sIeba}atéliﬂHéﬂﬂ@(‘édd%s@rﬁg Fé&'cﬁve
feedstock. In this trace, represents the i ng peak
taé’f?fg)eé:r‘

gener al |SEMisalitJBRiAL alpys. at@BY'ﬁ‘hﬁ%t agt aspal |b6ufudﬁﬁ‘§r afed)r gneofallthe

al | oy atfea@AbsxbiMAb girysi Zventidie wlhaaveeutiity WRIRRICAINGE &thePtlamihe syt he
sol i dus ten‘P erature TS to the |IC]|UI dus tenperature T~ is 169C. 10 Fromthis
first trhgdusyatedvariehsedly WAROS dikistralign 6’%@@ Dijdfn't?ﬁ‘ﬂ-? PSR qbfrert YaEelut ect i ¢

reagtsi onmébdiiest and ippReRks Ahcllidee tidistad®® hidcA@es Pariee plabtia lrhjéct@hufno@cr@ By
neasuring the width of the main neltin eak at 20%ofm9[s hei

t enper at URENMen §ENIBOIEZdIe\cagiy Hachiags WPEhIdheeuRialrh ‘Bi?ﬂ"f’?(?@fdé{ﬂd

negat i veodgLppe@psiste potibné bEthe@bpararlst &Mgndeasnzdnedly ofientet dchineace 31 in
FIG 2, ~Tz, is about 55C. 15 To determne the effects of a different

ther mal hi st orhe earrthe7 fadstngdhing he is divided along its length into a series of

different heating zones. While a greater or lesser number of zones may be used

30 (including additional zones in the nozzle 28 area of the machine 10), nine zones are
discussed herein for illustrative purposes. Proceeding from the end of the barrel 17
where the feedstock is received, the respective heating zones are increasingly hotter
until leveling out in the latter half of the barrel 17. While the actual number of heating

zones and their respective temperatures will vary depending on the particular alloy being
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particulate alloy of the first trace 31 was heated until conpletely nelted
and was sequently slow cooled at a rate of about O s, resulting
in a nea&nggﬁﬁ I"bri um honbgeneous m crostructure. As seen #é%&ﬁ*%% S1BsC
curve, the second trace 33 in FIG 2, a sharper and even nore vigorous

r eact i onmplded, tha chheactaristics ofrthe glesitecbpartipad the siesifizg of thecratine dadselbn

begi nni ngjAt 4 T uskaRsPaIchh S Bofofieadst gt Abatlie z8RE0RMa! idferadfediier of Or e
under goes a nore Vi gorous-absorption ner gy er a narrower nper at ur e
and t he teaemtREes~ SteW@nnéuagﬁttemgemur?ﬁ@r@atf@ktqws: renecon®n 426° G @nRei ght
(H-) of the. 58 %hé'{ﬁgeer 2R681RMohS (BB 544:8; LIRS cbSTDBRAIUAG LR,
reached at approxi nate From e range of ting ~TS ~

appr éxi ntraign nige - 605°% WQ ab@\reetenmatumeqﬂg@arrﬁi henmerat@@@tmmua@ Qsegn by

e ) CohelhSseRl oAb ARG 15 R oLl Yok ety |

f eedst oc ene r ogeneous
AZ91 al | quaréecm intsiop pf thlaéaarnet)sthetbaaeéb@ag coraiructad af edloné4® aeghavingai um
honpgeneg I e ukt, lative
o The mapby st cf kol AOC TREIERPLAGER off reffRelh bR miE,

subsequeAZ%an@é\E?«B aboyst fhem particelatel feedsteckor e di ni ni shed and a | onger "feed
zone" can be maintained to enforce nechani cal advancenent of the feedstock
whi 10 t he feedstask, the prasent inveators sbyghioto desigri a fredpork iwith 2osredid t oo
short, t [ ' [ ble to
refree2|ﬁﬁuhgqggg?ﬁhgHg?ﬁqéﬁ%ﬁ%ypﬁggﬂg? V;Qbhgﬁhég@ﬁgtﬁﬁl#?gﬁ%ﬁ%ﬁﬁgﬁrel

17. Not abﬂo;zesalmgaofstbeéwdlssaqksmatarl@lawon@mhéqe innpRIing Wigoteaes searitp themdemhi s

further pry S e
formt1 oflsr 08 CpLG { RER MG Rl SRR RIS TRl I MEF 1
about t hkeisg uaekﬁ twreqmﬂlscw hedrashors séligs wathg supseguentiy mddasiwar8 of any
addi ti onal feedstock. Once plugged, the machi ne 10 nust be stopped, cool ed,
the Barrel 17Aameerdionedvabeve skeref dpaehiecin @f Hecpiveentieveantaers srig deuelopack
toget her 5, Bﬁ%@&ﬁgcmﬂlcﬂ%uﬁaﬁ*éb’lé‘ﬁa&é BRI M ﬁﬁ'\Fs W?ul%%érteaglﬁg%eﬁﬁgpﬁ{dcﬁ?s the
barrel or screw ma ave e l aced erring now t
second san?aﬁfée@rommgln%qmrwo h@\ﬁw@)m dng frupeiars l‘nmmﬁélzeﬁltwdlﬁgxre@mﬂmg
structur glk&g naéaoma @gk.@ﬁ ViRl oh %%&.ngqmrﬁgtmﬂd &r S%%Féd&%gSSfrt%Q Y
estimated at about , having a mcrostructure which I's nore
het er ogefRastian O1ena taigeABIPEr2LEAs [RIER. WHER infialiyuniredtced inthdhe ibegel. t Pice 31
of P3¢ gasuz%% ttéf Hgﬁnﬁlat’) esp%é%tl(ﬁfgu t%eféJtﬁétlfctr%Q@t%n?’tr’nenlﬁbf sfodkrigce 35
tes roa

illustra reacti o | 1"eve egin ore the eutectic

t enper at theenitisppastiemekiiehprebwonigde cﬂewaeuasaagl Wponvihe lentset of medioniand tbei ng
very mdﬁﬁ:@ﬁ@ct@ﬂdof%ea.q@faeaque ihGADGEAIR, Aor@Yl HENGE0WBYIdt BE esiEcka SPI ke
associ ated therewt dus tenperature T~ IS achieved at
apprOX|nﬁﬂ%ﬂymsog@"mﬁéwhﬁiP?ﬁ@wﬁﬁﬁbe for 15 the alloy OTS ~ is therefore
cal cul ated at greater than 178C. The ratio E%EE é%&the peak of the eutectic
reaction (HE) AtRprigyate degdstackiyerendy vsadentISN is ma@neilym)allpbkn@\ﬁn §Sfirst
t racgs 35781 0.Comm&fly OARMIAARS £ fdcd iRk (hével J)ed' Sy AROHrmMECGhAalBl tiflot he

first exanple to determne the effect of the fferent thernal hlstory upon
t he part PRUNGSt @nd deap Sesbani¢ally IHiRPRY thadngat te praduge dhesgligynindisartculatpe AZ91
all oy (digm20 cast scrap) was heated to conplete nelting, slow cooled to
forma near equilibrium honbgeneous mcrostructure and its DSC curve

plotted. As s@ghindrlich8® ab&&D Mk bEBCAINS fof aEIA@m?auo@ar@g&nvmmogsuaslt ectic
reacti on occurs as evidenced by the sagaﬁbgeak begi nnj TS i s seen

to be at NalsgUhaliBe@ngumessierRd Féac e fgur e@r\sh'ﬁg f%“%é‘?é? GFE" 182C.

LITZE) o Emfted Félétav%%@ﬁéahbméﬁfo??né §ak§%¢@laﬁ be about 66C and RE;~ is 25
seen to be about 0.5. Athird sanple 1 allgy with et anat her ther nal

hi story has it/ge Iﬁ@‘%ﬁt%éeﬂ%@‘ikeﬁt"izﬁd ﬁP@e”@rat‘Trﬁ é‘rsééfatqec & &'Pecd¥Bdck was
fornmed fropmel I‘Hynmgafeﬁ‘%ail‘l/’ Qﬁi'pgﬁkﬂ amﬂtglﬁgllcﬂafnb& égﬁ@rfgl*nﬁéﬂ Bfomﬁh@ot stock,

m crostructure particul ate feedstock his third exanmp was the
nost het m%g@ﬁ@%wt%@bﬁ@e fesdsiogk MQ’?‘WRZ@’P‘%X Pevr%'@%%% apg rff%teédr%ﬂ P gh

gool i ng sRWecdMhg DHeT: PEHES: aRRPRSMEtR] NarffhE. fediodRelothBd roanage{ ~TS_~)
' 0%5 alloy ingot exhibits a DSC curve with a sharp and vigorous absorption of energy at its
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t he solidus tenperature TS (which is less than 439C) to the |iquidus
t enper at WEokimea601 ©) is therefore calculated to be great out
162C. As seen ?n the first trace 38 of FIG 4, a broad eut%ﬁ&gﬂ@éﬁgtl on
occurs for this particul ate feedstock believed to begin before the small
peak bediuieftingeattionsbegiming Anmedtely REter Ty (33X Gk Trekaingfihe fiest anrsattdfc
reactiony IHE% Ftremtthg Wﬁnqndtthg i) 3pikB o TGt fseéiéél}w't 5t a@;gnnﬂcéﬁ@%mmz

(H) is a errperature rangé (aT2oro
PCTI USOO?f(blPQtLE\UA%ﬂQMI iro thecfepdstoek ovRs aesémbqeé@eratwesrapa@ ttm:t@l %hOUt 82@&t ock

utilized, n9t|£léqqé1ﬁﬁg t t\@ af Fersﬁﬁ thé%%?rel?’% '|§15L%J&tecf'td‘@%lgﬂ'@%ﬁgthteﬂnﬁlogmlcﬁt €

nmel ting an cool e orma near equilibrium geneous

mi cr 8st rWdh%'n'ﬂ%i%roﬂéﬁm”tOféﬂlsth?é’SHHCKoy has its DSC curve 5 plotted as the
second trace 40 of FIG 4. \Wen conpared to the first trace 38, imedi ately
after the sol Ndlis ‘fagep&h depresents, the arain dnejing Peathendrid aeNgEHy HePTaBes pt i on

of ener gye bagimsertorttRS 1FBLEE ItehpbRdRE I9aRe ISy ea‘t'ta%?ffdx@mét%@céd)?@ ThRe

thermal duration for this reaction is quite narrow about 13C) as

evi dencezhabget ine temhpengtyseald Taepifram nijeasolidils émbmram s Thethe digiidus

t enper at r. at 607C. The tenperature 10 range for nelting
(~TS_ ~) tg % E%ﬂ'lgsrbegigéﬁgl ated at 182C. Fromthl s trace 40, the ratio (R~ ~

) Ofqf ne. peakFr%Fn A'E%E'?FBS@& 3 ?sat?f%]éno{ﬂwe W) a8 (RNS opﬁ%k?e%{‘s éfhﬁ? rgalergt,grel “ ng

reaction (H-) is erature
66C, Therebetimndih) ythefpeckef tha meir memea@mker(Ha)nd abhet @BarBy mﬁasumgrtia@ct | on

t | i i d
fo the. r4Efr B E bl o BB R iy B PAT SR RaBB At ol Be | S lue
het er ogeemtalyhecrhetyvaeovtbe ipogitivd agd aegativengiepett sides of the meint mﬁkynwealast

cool i ng %g}ttﬁéfnlﬁ 39‘_9{31' %%gyeﬁ-hebsf%%ﬂ%@ data on AZ91 D in Table 1.

Table 1 i ng 41 ' Sol i dus, C435435430 ~<328<328
20 Rast cool i qg, d|e¥é+ﬁ4%ea§hé @ﬁé&?tof éj‘aﬁféﬁ&ﬂtthé nHé?%&BW)PRQhE%é&[F%&f thdre

m crostructure, eavl ng segregates hi Inallo enment
segr egat rafticudtaraioy of éhes tms; @ece €00 mqob&at%@mlln@nmiet@w makedkan@wasghen

termher at 41 8hed il %80! dole 5241 AR of Bodilf s NRALIRG ' D58 KaliIRR, tend

to nmelt equl rrum eu enperature e-segreg Ion can be
creat ed M@ge@eghs)mmrngtrtmyurholﬁ@efegntﬁr@@w HePSG eurvddhe ReCTB tangst & RIG~

region of f'sﬁ;arﬁéfana-@%eh'rﬂb’r’eq/ 8 ctigh kA metlh@‘@ﬁ‘étet‘#adensﬁlol:%h% the . her

el enents, whic urther exagger ates t e super cooling e
| oné0s t eeegtionegiactione S20iNRINg eatpky afl be e)aatmlatwf@%ﬂtoqkeoft thegseconpdraseus® of

this Speﬁb?éforteqn%@oé r%%oreﬂ?%j%@?@ﬁsr@ﬁwneofr&@%ﬁ/ &7 -Ezr%rl%)we‘; %mﬁ{fﬁtu@' n

melting p I nterest IS measured e wdth of

this pea@(ndatheZ@% BfE/L of themrgigitte ¢fthe poiechargastipnto e Reighinle %dm fain

exacerb ln8h _9_
WO 01 03%‘%‘5"%%8%@8?0"1%12%“.;"29? e B B e BYO G < de

barrel tEippehis theerange oheefting &Tsz israpprafmeately Yedreel 17 resulting in nore
thergmal  shockwif thERsS iBRSS initdl FdacBoho3EsH by #fist trh& @ﬁqnewcy@tamé | nore
closely follow the tenperature curve of the barrel 17 itself th rou?
in the barrel 17 is utilized by the first feedstock to impart the melting energy for the
moderately heterogeneous AZ91 alloy feedstock of the first trace 31 than for the near
equilibrium homogeneous AZ91 alloy forming the second trace 33. As a result, relative
to the material of the second trace 33, thermal shock in the initial and subsequent zones
30 of the barrel 17 are more diminished and a longer "feed zone" can be maintained to
enforce mechanical advancement of the feedstock while the feedstock is still relatively
solid. If the melting zone is too short, the feedstock immediately adjacent to the screw
18 is susceptible to refreezing as additional, cooler feedstock is introduced into the
barrel 17. Notably, the screw 18 is already cooler than the barrel 17 and this further

35 promotes refreezing. This refrozen feedstock results in the formation of a plug, within
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its various zones. 5 This is illustrated by another nagnesi um sanple
utilizin ul ate feedstock resulting fromthe nmechanics! chi ppi ng of
an i ngot %Oﬁ&%,g al l oy. Being chipped froman ingot, the ARBHUSY

exhibits a mcrostructure which is only noderately heterogeneous. As seen

i n the fthetartet 4T eabbdt tﬁe Etrew 53, whieh PE&Vents Yeewafdindbg trpxarstriewharoffaeedstock

illustrat I|d era ure .o e itial
eut ecti c® (fdsthg? g cb\/lt 5]%99 ﬂeh' B}ﬁ? 'n?hg&lr?%rb(fugt%t% ﬁ%ef%ﬁfﬂ tp‘fT )
for the pivid & laoy srmem tﬂJItakeer heardsarmicbleeeecm:ernrat beihp yiut ARtk Qogettiet, he
range of | t,in oTs, =), | erefqore only about 111 Wth no defined

o e ar RERRRER A LT Pt e S5 h el eB F¥herne s T o SRV f

r eactd onhdvdlp beageplbeedpeak of the main nelti ng reaction (H-) is negligible
or 0. 15 Orzo, can be seen to be about 34C. This alloy is nore difficult to
nol d t han AZ9RefBrridgl Gow4p Bl adis@ setondealmpie GTAQ91 Aoyebavidgta aldfferet of

ANMBO al | f h l.l oy of .th f I
el ti ng Shmd iSles ahe Py Bt dBreybE RalRb MR <3BY SEqrre A
honogeneeatting estaatedciatr abouts 20°S6),sdavingn &I fﬁrcrﬁstru‘&ure MMgaeeMe

feedstock 20 exhi bi te ature (TS a qui dus
t enper at trEoEsases, e ife 22 dEEeRSAPRLEhdoRu b b afe 4T Wser T oft Bl 4 Srs’)
of difout hd2iDSOLZLOe plsttexcanfisbtrdee 3hbout 32C and the ratio R-,~ is seen to
be about 0.05. Particul ate feedstock of AE 42 alloy, chipped froma

noder at el y coBirstdracedifi illasicated ar eroad eeiaratiohrtgalravednttebagrelt;efdsretteecagmmws

e e e

char act eands brozgiesedrir aam;iemattrrreaé iavifentedibg tA2 sofall A atdomatem tHenawitra

spread o I eagc no, def i ned peak i TS, bei ng about
2006 i el erioBRftreCE et AERAPEHTREN RORY Chrdelno Ared B aee
exhitd t sthe alay n0W Bahérefors chioglapgiak greatanghan 178YT1 WHe rdtengRe) ather meak of

reached hor t hereafter, at 633C. , The resulting rang 0 heating from
o dus 118 SRl dRee 0 e tp The PER PG B B BURINGL B9l b e Rt ke

in the iﬂstsrcajz TeareratuREange SATISY), iscaddue70C 0. The tenperature range at
.~T20, is seen to be narrow, 20C, because of the sharpness of the main

mel ting peak. Ableathi thg fitdiexadR &l detgrrhine QI@eTBffedt&)meé diffegeranierira® history

subjecting it to sl 00] i,n for near equi.l i h eneo

o) ety Dier e et Bl Rt uidh onBmhd i B 35 'n Wi 3 The Sead B16Y (Gle
PCT/ZQ{SOO&%&]:?@?& uéatgd ftorcoghjrfe rragieng, adlow amule‘_?;tolh forhhe n]eeﬁaeqdmrbrttme ﬁ8
seen in . ar e o the fi trac as | te i er
S emmer ot DPEoRTeaE TToIBEe dr g i e suva Pleth ab Sehfi e cEia e a1 o
eut ect i cofr BEX:t3, cn moFé&idorais dnutecﬁcerqmnm lmrceur(;'lés) endenceti byt e mmlrerpablel y to
about 63§C As g, Les [t, th e of“% re from,5 dsqlé@

[ qui dusPeeraiest 1o Tapispende PEATabSy 1o oBing BAv TS ey 130
FI G 7 i Isltherefat 6§2tmeAﬂ)§@fmmsese‘cond aase BVhs smrptoebe G0 68°Cand RE,L is

hi romingot stock. Being chipped froman ingot, the
ZK6 aI I %lyenyt)?ﬁq beﬁ%gg%%m crost r uct ure Whl ch is only noderately honbgeneous

or mldly hetegr ne |nt |
initial peak gsthchF actfég 0?" vﬁr]t mgrmrjt hrngef éﬁlgtgapﬁi 'IQGDSZ; ‘fur‘zw dus
t enper at pioded T-F1G s4 se'Ems tperticelaaab(nﬂds@aB@/asnﬁbrmberfeinortten tdteapt EomedBaMur e

o oater TR ARl S higobliagle B BB ELF o BB BB oo
al | oy aseiammlhe\rasdhecmmemdnegw))us Vatmpeuforany from dE2At ellof bacausaidf itied
rea d on

ak, .t he tio of the ak of t ut t|c eactio the peak
o - it malR Hoeira Ref Rlslel serepsafgta el A6soEo TR el e o8 \alra e £ no
pgak t hihet fiides aetrupsa?ruaengﬁ (WAERGs lgss thSrE) sreerctt@ tlae i40idus Thepsraasad trace
52 seen in_F or _the nea rium eneous microstructure
achi eved(@f1 @‘Sé%’fﬁ%é&t %a'%%t?ijﬁ‘b %Hff%z?fﬁé@bﬁ@ﬂtqgg%% cooling. In the second
trace 52 of FLG al a C, Arelatively sharp eutectic
eacti on fol | Baselhabeeaiadode HEG. Spbmitetetedtan ot B s ¢ i s
seen t hapartib@latel fgedgloek believed to begin before the small peak beginning at T. The ratio

35 (R, ) of the peak of the eutectic reaction (Hg) to the peak of the main melting reaction
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20 tenperature is reached at about 638C with a tenperature range (,~TS_~)
from soljdus to |iquidus being about 163C. Conparing the main melting peak
to the eYOR{RY2reaction peak, the ratio of these peaks i PERHEIINESI6e about
0 21. The tenperature range (oT20, ), is about 40C. Referring nowto FIG
8, the 1(H[S§ ab6@TE0 P4nd thel tBRpBRRureUaNG: (AT, JAC68PEOY fornmed 25 from i ngot
stock. The solidus tenperature for the onset of initial nelting is about
337C and the Ad with B pHEMRRY akaHifled, ~thee;muém>arbree@§1@en ufiRdd G prsdettits, the
terrperature range ((ﬁTS ~) fromsolid pi & féis is calculated at 264C.
The r at ifbSt(tfa€e-39)in §f G favasdgatesk torgom %I?éﬁfi'i' RRGEIPWHNCIARS RIOPB RNEFH t he

mai n rreIéqun.gnumaﬁm@brﬂeau@mubs@udtéremrhe khféltt@ntﬁéréillbwr%sr@ﬂDSC( §J%e00) ,
i's aBout 9C. The secongl trace 5(3 é%c r\HFI G is for 30 the near

equi brq'ﬂfﬁdhéﬁda%n?ﬁﬁg dfac§ctr 4l VG?W%‘T’ t'erthrelel Hgce M.
initial imiMedatélp spenhecdcidoBtdnmptgatardTs very s@alicdi ahBeigaldidyabsbiptioRics
second trace 56, TS occurs at about 340C ~T~ at about 603C and ~TS.~ is
about zeesergvézegmea%ﬂwemeeé'ﬁ' W%@O%&%m@dﬁeamn eThg 2emal watielert o be
about 63kis rédtioR |§ aet@rba}m dnpcatsred3ad) |£Yeﬁnoﬁarn@ecﬂf§? RRSSNETD PELIOYSginhi

al um num al | oys were al so investi qat ed. Those al um num al |l oys i ncl ude

A356 al |3y s.afrlﬁPU5265é? | 696 liquiqus tegpefk$2B113 r?@hﬁ@%@%l@léhﬁt@wmure
i 11 yY9t r abRge td? méuﬁng LA &5@%5%% caqmat&‘ﬁgt qy.@te ERIm ﬁ%@@aeé '4@)’th‘éh%ﬁ@' n the

particul ate feedstoc re resented chips froma slow cool ed | ngot

Accor di riffey) ot the nﬁa&erébeP goteghe rwﬁomﬂdaértett@ 9e¢+epfeth@g'éwédngltlngtfftﬁﬁl@me
trace 5§ Q%bé&'%é%néﬂ?@ﬁ@%kﬁt@re@n@é @%bé&% 570C i medi at el y
an ge

prior to é)t ver eut eactl on, the peak of which is
desi gnated aty Hfbrd%d%ﬁ.ﬁﬁ%‘%é( éﬁﬁé&nbr}ga& ?ﬁbc?r}éf §tah"$¥eﬂb%gkt-‘/o rebt h:)(/vé
eutectic reaction an I qul dus tenperature 1s seen bout '§30C.
From t hitemperadureanioan o i exhpltest iurt@C(%e)'Bﬁ and 88.omhisolsi dlgstot el fagfusadling i s
appry@xi eI i gnj.fi gy r
O adi das gt fiese FRSuos, hethy SRy WIESAERANOT, s TRBMSCRY et 1o
eut ect i ctempacatiren fbeinmmedtinghby dast rcomngmates ng cpefirked: be tinatfmlt@wlﬁa dataf on he
peak of %‘ Mt'lea%ﬁi’g reaction (HE) to the peak of the secondary nelting
reaction Ef i . The tenperature range (~TZO ), is seen to be only
about 19, hf second trace 60, seen in FIG 9, is representative of the
A356 alloy after conplete nelting of the alloy and slow cooling to forma
near equilibrium honbgeneous 15 structure. The basic structure of the trace
60 is theoslmpeRate, t’l48 for tracg B83 howeweds thp0Ddl i dyt enperddt ure| (TS)
is shifted |ower to about 560C. |The liquildus tenperature (T~) remi ns} at
about 630C and therefore the chg re (aTs i~)) fromsolidus to
i qui dusSolidisabBut 70C. As with [t4%® pri of 4BPace 5830t he Jendéct i| €38act i on
rs grea{ter t han t he subsequent 30 reaction and the ratiq (RE, ~) of the peak
of the eutecticreaction(HEto the peakof the secondary netting—reacti on
(H) is 3.4. The terrperature range (OIzooo) is seen only at 17C. The next
al ughum sanpg g E&Sﬂﬁ 0 Al 'anysHon V&B'eg nBtheaIIB ”Ho?v‘rﬁg%r%aﬁcﬁwedéft% was
fast cool ed shot havi ergone a secondary mlling operation, whose 2
m cr ost rMreatriciuge, He@\emg)gwfemigs highein pdoyieg eleenends.  The Sepeagetednodmes
feedst ocrel Shibledid!dfokPodifa efow! eAtddiR demberat 0 bBIdAR bidiRAlorP et seen
to enab

inthe first trace est abl 1 shnen dus tenperature (TS)
f r om t heont heatiegetheseolemes tershigaae!tpriow threeadiborm autertic tempelirehe peak
(HE) of its eutectic reaction beginning after a solidus tenperature of
around 447C, Pre-segregadionrmad tehereatedbaierei adingdiypleldingrtbe feait inHbe dvpoy of
30 t rﬂ‘\atslea& lrpﬁqg?lé?r afSFlfe?'PzN Y 11§38 95ecotRs #u'nﬂea %sva%e%mes e, 2
evi denced fromthe rst trace 62, is approxi mately C and, fro hi s a
t enper at Qle@eﬂtﬁng@ chdugher) exaggaiates theusHped cPelingi eftest.i sT hcﬁaf%ﬁbﬁetoe@rsathegr eat er
t han ab n, the

i peaq(le?w?d@trﬂgreaaﬁbelfﬂtlﬂﬁqelﬂa@@rﬁ;ﬂratﬁ %ﬁHIE%EE&ISI HRARGE R

rati o of eutectic reattion to t the main nelting

reaction 'S ned kdhhdgupd ra%g AT, RT&%&%ﬁnﬁém& p@%gﬁ (.91;%9 &)grb§t about
68C. 35 Heatln?tdthelnltlal al" oy to conplete I'ting and then

subj ect i iAtgrest. dtgs snangured by the width of this peak at 20% of its height, H,. Too narrow of

30 arange would exacerbate the thermal shock and plugging problems mentioned above.
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-12 WO 01/ 02612 PCT/ US00/ 01516 cooling to forma near equilibrium
hom)gene%s ;&ﬁ ostructure and subsequently devel opi ng a DSC curve for this
material, restited in the second trace 64 seen in FIG 10.PGEUMMIned
above, a sharp eutectic peak is seen around 450C with the solidus

t enper atAinarrbeiraggapoulk ictatre layhigigrGoutside Harmpl tahorseratengp er tieufiret zaneatofabout

s 178c PEPRIEL Tt tphdd b FlenilhosR P st WhaR Uiitea bRatb Bl nkac, o
to the pedk ocofvet witd mererclosslyt foligw teatdmpeTatuse gbvetof he2Barrdlhy itsetfitarcaghr e

range (~ITZ§ Oé (g at 67C. Data fromeach of the above illustrated exanples
i's prese}?t 8' 2FBWS n Table 2. Additionall y, the inventors' categorizing of

2 a1 FoyFor mra ity SaBB She kot T ERERRY srfishbiifttisherc, ™ ©

of 433602¢6955@r8m e owRbarics! ChiPIYLAIEB1I6Get i ABFXSElIopCliepechimhied foms an

St a<a 0o DEZAR0 LA b S B Rt e ek s

of 520631A4 5840 1h NbelifustiReasd 130af6BIEI. 25 3the. DSAE42ERI of etthis| pardEWOO feedstock

of 475040 T8 FEOORR Y CRUARIRAT P00 Pohdn AT o eop, Qi pufestc reacton

of 33%01@“59&3@@%@&&“ Ghoel RguieLs 34Ot 263630.fA3MBSAIMD akby| particulate
f 570630 4. 2\ t 06 0 73.4 520
Shot sa4788e38Banen A° AhBTRANSS B3 Howrbs oy meAaNhT LT i berears et AP bove

tabl e anthirbe SSM control results, it is seen that in order to reduce
thermal shock on the barrel 17 upon the introduction of the feedstock

t herein anﬁ twnﬁumd laefingd mitral ngak h;erugalﬁrghmﬁe andthkatatig e the @ub&ftquent
zones in_t s deskra le to prov a avi a
(arger ¢ eiipdicaEarEen o ot ieabor R it PrelraltseRudh SE) WS el 1o &
nar ridaer AT angen badsdiehitomal anout 8a°a.heTmarmoy Basor @mduR® feld thae Azgason of
preventi n%zpl ugging, a relatively large tenperature range (OTZOo, ) is -13
WO 011 02642 4pegayseof 818998 Mesi red. OF the illustrated exanpl es, AVBO

all oy, AE42 alloy and A356 alloy all had solidus taq |iquidus tenperature
ranges (~TS_~4 sfondisace 4thef &M@%Ia”m’ﬁftert'@ﬁﬁ@?ﬁét)ﬁpé f'fséﬁrgé% ha$ bpezgedtpdn 40C
and Sho"\@dcc?rﬁMeteC(PrﬁBIt" a8 idb%!qN@Htl?hsM@Scécﬁ‘éﬁ té6 Nasuit ita Akat RQupbMeH

sanples. Fromthis a desirable magnesi um and al um num feedstock is seen 5
to have PPBOINELHGIMIGTOSHEPHEE: dF 210 8een ¢rElG Bf Bhig Memseneei fepdlgiecknd

nor er e @isiela gcsn@a& @ém;sé}amrelﬁpf@f Roursefd, aa@uﬁbgﬁbrﬁpe‘}a@w (TP bEabout

preferabl%‘hl ess than 0. 3; erature range ~l Tzo~o_ being greater

t han 40C8%hE st @ raynass Epratsoldus @a!tqe'rdum{éﬁs B%abmﬁé 25eSulATantis FEHE BR K

decr easegyd 8bribng fRCHkb R ! esdRAls 8k abduthlbs e spreading nelting over a
plurality of zones in the barrel and also decreasing the |ikelihood of 10

pl uggi ng. Fur phgitulaf BBEROECLEARALRROH Thibpsl Heft & hfefRadSbacY s an¢hi eved
t hrough fast cooling) has been found to generally |ead to higher ~TS ~,
| oner REtherefergq PRYigGep moderately heterogeneous microstiucture, has its 'DSC curve”

25 illustrated as the first trace 46 in FIG. 6. The first trace 46 of this fifth sample exhibits
some characteristics similar to the first trace 42 of AM50 alloy in that a spread out initial

reaction with no defined peak begins at T, being about 500°C. While the initial reaction
is moderate with no spiking, this trace exhibits a narrow main melting peak H_ and a
liquidus temperature T_ reached shortly thereafter at 633°C. The resulting range of
30  heating from solidus to liquidus (ATs,) is therefore about 133°C. With no marked spike
in the initial reaction, R, is negligible or 0. The temperature range at AT, is seen to

be narrow, 20°C, because of the sharpness of the main melting peak.

Heating the AE42 alloy to complete melting and then subjecting it to slow cooling

to form a near equilibrium homogeneous microstructure and subsequently developing a

-10 -



Orz~;J, all of which cooperate to provide for good controllability of SSM
mol di ng FIG 11 illustrates the inventive concept of the DSC curve of the
al | oy foMOUHRH2t he heat curve for the barrel itself. By RETYSW@I5Ul6ess
thermal shock (outside the barrel 15 tenperature versus inside barrel

t enper at pge)curidiop tHig) fHafdial fes@iP AT thereeendiabnns deeh fn Fidnes | @bﬂﬁbérédh@
di fference between the required outside barrel terrperature and t

resul ti nifefEddecadl. Tehpeshited o a pigaeyiempessivieaf doqut 3R s#ﬂﬁ’c%"qed‘c‘?ﬁé
nmachi ne. sjaipdr! §fa1kel$or iHéemh'tléﬂ'ék r@ﬁb&.@rﬁ@ge@mr erhfeor?mdu% Mdeeétukérgawfa@d on
(0}

the exterior of the bar and the terrperature i nsi de ‘the barrel

are presgHitedy Maderaiely tﬁl%bPHF 88" Cf ed¥s? derdl, D9 RIS r‘gl Kreratue t fEMvari ous

zones; of sdjfags Qﬁl'l’dlﬁ‘dus](ZTeré%tdah)t/ Hé&reaéé‘sc#e@t.b@yo'%m@rf@stﬁh%a 46489kgnated at 74)
and AZ91 (SSM scrap) (designated at . C curves for the AE42 all oy and

the Az91 (SS'V#IéCf ﬁi&)strat'é@'tﬁé'D@C tc‘ar\Iehf‘orhaeéfxwgarﬁgfée?m@ré?lo?' RfdcRagSapt ed

therein. Fromthe figure, It Is seen that the scrap) DSC curve

mor e cl o8EPRET HPMoiNgOt ﬁ@*eq@ﬁmdcmm%lﬁoﬂbﬁﬁe‘ﬂa@br“ée ZtW@Qsah‘%’qamﬂP'ﬁgal ower
barrel tgrpsHRIHEWIRES i Bnhamelaigtd f%%nb'@@ﬁé@s §rhﬁﬁllﬁlg r'fétQFHgEH@on' guge, it

is seen that |ess energy 1s require he eutecti reacfion Is
nmoder at eseasyinpep rfistsifraeael @ﬁtFlféna RQyiintial pepliris fHistrated irds theematp aelt@gul t  of

het efipgepiyd W, . T/k'EﬁquH[lé.’EfémB?rratﬁrgng)Z@l @ﬁln' &yb@raﬁoo@@%us*@taﬁe ﬁére\?ﬁl (m@t s' de

barrel tenper ature e ‘barr control tenperature
AE42 t helpmpegatdessiagoatienn s0lidE6 todiguisiue éAba) iepnticpaied & be ea)boahdr g@a(qrnsu de

barrel conprQds- ée(EB%anH&?} M gQ?dntd l'r% §§'?ort Rt reﬂ-\eﬂh@f&g@?gﬁ& gngeqe

barrel tenperatures are npar e e sanpl es
not showdiscusspd Gelow), Wlﬂ@ummwewg@m@mj@nflowﬁh refictidnepeslk| the retidicbineawabet t er

contri buﬁi tﬂP%U%fCth %g’tloﬁ%jt cakldidfe Fn%'in( F@gmg‘%%ﬁt@ﬂ@g é]@ﬁogé gr mgh the

alloy. The Targer t tenperature range l'ess ermal shock
in tte 3thewaain onsdtinyedaknthezemesraddre rémgeb@Tog), |i§’eantd> Hehd9°Gr eat er t he
control over fraction solids in -14 WD 01102612 PCT/ US00/ 01516 the final
nol ded part. The ssbard &acé B2 sseeanger|STZoie, for theheearmesuiltrignm ﬁbmagéne@uy

change in te e seni-so e, upan ent
fract s onmiiTRE\ B Yefis%s wlF FEPHER B ® S Yool 2 et anfl B8 oniy
t he het esagpeddaws FZ61FI. aT | Dyis, atZ280ub Bl 83C. ardreMdiRelyhshaep teatgoéc aeautlenr anges

f I
o | et SER g bR ST Bph iOiecknd ol 6 RLE L R TR0
addi20 ontEmfeeatdst isckadHed aitabbut §383C with altempﬂgtumlram @Ik, nyrarmesltdutleent t 0

refreeze,wi.t hin.t he bar und t he screw and theref

the macnldidBoPeig BpRtTeGrea CaPaing Tof THE ek peas ahE eHAE SRR nar
equi | i br peuR, fraiege e tese PeakORLIEA toibe abeun® 20f Thbeermpératurerareehirbi g ed
sharper and nore vigorous eutectic 10 reaction. A preferred characteristic

of the pBraPEL#ACe feedstock all oy |s one with a broadened eutectic
reaction, agapn allow n E t he ;Q%gfentSI QEIntlaJ
bort1 one’ of ¢ Reepane v oy FOL &, Bitatack S Pend L S0Rd izAR Suanloimfe
behazg or fr&lﬂphgdi%hid& twmerﬁtgﬂwtemmeamdreaﬂou fReNdrBet aﬂm:tiahmreﬂﬁg e absut 3N
copper and | o J‘R n. 19 Ts ~ 0 re than
1008 wours fe Gidin Bleet el esinie b ahpBs I Ensr B ke 07 rembrrali e
al | oys araemgar(gsgmfr@dw aidogvd Iuidelie cdculated at 264°C. The ratlo (RE,L ) of the peak
of the eutectic reaction to the peak of the main melting reaction is about 0.14 while the
temperature range (AT, ), is about 59°C. The second trace 56 seen in FIG. 8 is for
30 the near equilibrium homogeneous structure ZAC alloy formed after heating the initial
alloy to complete melting and slow cooling the alloy. In this second trace 56, T4 occurs
at about 340°C, AT, at about 603°C and AT, is about 263°C. Rg, can be seen to be
about 0.13, while AT, is seen to be about 63°C.

While the above discussed alloys are magnesium alloys, two aluminum alloys

35 were also investigated. Those aluminum alloys include A356 alloy and 520 alloy.
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TABLE 3 Allo~rs Normal Conposition (Traces not included) 20 M Base M
Bal ancéC her Al | oAl ZnRare Eart hCaZr Si AZ91 D90. 7----AM

505- - - - - R GLf020123_ . - ZAC58- 0. 6- - ZK60- 6-- 0. 6- AS414---1 I n adRETUSIW/0I86t he
above, Al alloys with inproved noldability over A356 and designed with

i mproved , ~TzZF@,9 iditatéd th & Brst traEs 58N tHHBSCangee fol ATEESBlioy2wiert el Si,
1.5to 3.0 Cu, 2 25 Zn alloys with inproved

.Cu, tg 4 My, 0.5t .Zn. \ .
mol dabi mqryc%@tsrfezﬁ#ae@ge%rﬁaewﬁ hg‘t‘ﬂ’?e fiomhRovioW eRdlpd dPert Sicceingdnthened
above arg@idrdbtiudRiré ANGE' méderBBHE, heldrohonddlsAl , FdnD the® Baddk @8, thel dalkiue Cu
alloys with the ipgproved charactgr@%tl cs are in the ran%g: Cu base, 25 to
30 zn, OefpeEte Tgig gegn pt abed!l STYG HATEIEEY PE9YT 19580V S8 AVERR Y BEm base

al | oyss WédtBcticheactigh, ane theaRasfaghieh iis tdeggnafe@ ANHLNA $c088aryMielngHeat-6 Al)
1-2.5 Si. Also, AZ D formed as shot, especially thixotropic shot, and

! 791 _shot _
r echi ppefFRFNMEedpyIEE theeHreicyeaf 156 SAUIEKS [IRRETRAINER IS S&2010 B Such
tr eat menasouddan @l SroRes, ithe 2aidd oF terirdlatufAATZKGRNAREIdUsOtodliduRRSEE

extend, AMVbO and AE42. As di scussed above, various benefits are obtained by
the part PRRIPAMBIELRYS FekiRLYPHGCANH SPR'8 FIRTGYHS IRANIBH IMbedsirrdiaderrdon

struct urgan Thitse SidseglsHtees@idnei WHIRthdBedi6! tk WLESTHE WEAdIIOE beRfy HEaRaiRbOVE)
or t1% macrostructure of the feedstock and results in the spreadi ng out of

t he 'ut e®EIBI ekt NGl Rer 6T thsr PRINY HEt/MGIEHRBUONSHeLR TheePsak ¢THEe

M crost r skdorbsryGheltiRg réReEa1(POKs 4. 2StTheoRhipatht@le fahge JATQY), i9sb6h to be
subsequently fornmed into the feedstock provides segregation of the alloy

el enent s°TW2PAd 1¥akti cl es thereby broadening the eutectic melting range and
|l owering the start tenperature. Fast cooling of the initial nmelt can be
achi eved by s SR S&FOARTARIED. FRanal HI&-yP: 4% Eepredli@iyei 9ighe S3usi dllovaatier
subsequesdrhefBebiang oatieyalib apbisedodng tatiorhhg rear bhGibralhendmegsieek have
a rrqlce%erat e het er%%eneous struc esu exhibit relatively

g

re. As a result, the
| ar g& spriREay d’aﬁﬁét’é’ﬁ{“é%f’f ertEaget00R therparae as t?t%sfPr FRCEIPT \OMEER" i n
conpar i NghetdBded féiﬁ’_fpdeﬁgﬁeﬂe @l @yﬁnfmlrdgpaéleﬁ) émtmé%‘ilcn lslfl?\‘étliq?msQémﬁér?tLﬁ@ISti tnﬁ
scrap and semnmi-solid in jon i scra alloy fromjingots. In e
for mor 1tk GRS A o h e oD NS VErOTe e AR S ERgratver Hd o, from
het er oges@ius tjuidue, Rfabddt 2dre. m crostructure. Cooling rates are generally
20 to 40C/ S as conpared to 3C/S for ingot stock. Simlarly, chips could

al so be fornedsfwignheyrdr ¢asé sshewrt sutednoichetionst dregtebyharhinehsdbdsguer@ol ed

artjcul ate feedstock. . coul formed. with a heteroge us. m crostructure
P oGt e B G R e B P Mo B o Bt e T HO LS Factr b
i ncl ude wedoRBaryphalhdGeackph ai)Ng 3i4) Thé t@hp@aaire cangee(/atypspbesreomndt 25

dr oppi ngr% e nelt streamonto a rotational plate, drumor wheel. In all
t hree of ose nethods, drops of the nelt are fast cooled resulting in

B oL SRABbRC B Serhlg BSOS ghE P ARRRNE B LR R o

12 and twesn fakbtdooteg GhoexXtavindi npdeglohet 8 eédandasyr enifliagt operatied. wBOsd he

het &0 DRSS MRl s halrob R ARl The Bs &N RIRE SEuERY! ReF Bk RaMinds e O
in FIG 10 as trace 62. No significant peak is seen in the first trace 62 to enable
establishment of a solidus temperature (T) from the trace 62. However, based upon the
second trace 64 and the peak (Hg) of its eutectic reaction beginning after a solidus
temperature of around 447°C, it is presumed that the solidus temperature for the alloy of

30 the initial trace 62 is below that range. The liquidus temperature, as evidenced from the

first trace 62, is approximately 625°C and, from this a temperature range (ATg,) from
solidus to liquidus is calculated at greater than about 178°C. Lacking a defined peak for
the eutectic reaction, the ratio of the peak of the eutectic reaction to the peak of the main

melting reaction is negligible or about 0. The temperature range (AT .,) is about 68°C.

35 Heating the initial 520 alloy to complete melting and then subjecting it to slow
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structure level. In such feedstock, particulates of the |ow melting point
consti tu\g/ﬁt()i)oz are mxed with all oyed particul ates of higher melting point
const i t uBHt%®%the all oy particles containing the high nel tRGIU900HI6 ar e
initially formed such that they are lean in the | ow nelting point

constit u:@ﬂﬁr(gS)tclo fA6m aa rresul équ&lttiﬂﬁnp&bhio@éhﬁd&s n?érokthﬁbtt;r@waﬁm stdrt])equ{w'tmt OI35
constit nt w ] NCr eas] n I transter t the a e
el ulEeioblyn e DY Cur il S8 BT B o Tior 6 O L AGe S Prig S

t her eof . 10.A?‘]A§ h}enhmgskmbcfv@ ?Is:mgrméljjébtl@péék BleehegobapiusoOwielia sdidey WI;jI I
mx wth the rea nelte nt consti tuent, onbi an
T uet s Mempratish BRI bR alangazia . e MalBhe FRasRhlS T A STt ORRSs £\ on.
For éxamucerdingfiVAke Eeripdralifé yarijel feom BanduaGodiq@idLeCAT G ) iereCat Brdn eis 381 G,

Gy, v direeing Sk et & erhoeRiardoe Sifeckt BRRclin Wit Reatof B PAPTRENS hor cby

rai si ng reaétlonad 2eout DEB. ~Tie tenvmarétard 1@WBE AT, at 67°¢). ative to the nom nal
all oy. Additional conposition m xes achieving the above include: Al base

with 2.6-5. 0 CHta flonbedctlofGHe aBode Mysteaied @xé‘nﬁlezlﬂs p%érhte&ﬁb@loa} inofabg ZEd

therein 42 and ,ZAVAC Zn 3A ieldin Zamac

Vel ai ngARTHoTAD. ABONGRPTEOCHRRRIES i eh AL B8P S aod 8738 9 wi t b
CuB818P. pFesenadibiviené esild.ti ng m xtures being seen to spread out the initial
melting reaction Fromthe above, it is seen that the inventors of the
present T4imergti on have designed a new particul ate feedstock particularly
applicable for use in sem-solid infection nolding processes. Particul ate

feedstock neeting this criteria have the 15 follow ng general
char actlerAllay cis: aFbosmer ogendeug structaTg, |aATeppeRatufe r&88 oTg_~ from
soiidus to |liquidus of at | 426} |14y ( 8(RC)f qr (°0) base), | RECeontfoll ess t han
0.3 and A79® O Ohippe@digt [ s 35602An addi tli ogml [ desd r egoehar act erfi sti c of
tEe f eedstock I RemeRUT €CTTC 4@ACTIE9D UT iBh ZI[NGsgO | Mg [ han tTen perjcent dof
t he ener or | : % e €3 r radient|s an
shock, lal %\g Lgl‘?ga‘?g SECFsggcogtefgol treagg “gc@tel g%bggl ids in the
fi nalk part dllu “RbEd) O met VT Lf‘?f 104,825 atggd he B d—pf—each—injection
stroke, —and ettt € fi €, - opet At rRg-ensr gy
consurrpt‘i‘i%g?:1 ddl? hg %ﬁwpéﬁg?c %8 116? ftffaneI SC():. W vﬂy ?g@qo be
understeeel—(—haﬁt..\, Hve RS !.."fﬂc to—the—exact—eonst+rueti on
i |1 ust rlated and G088, | hed LK% ;ég? {hdB2ydr i Bs | cAdhgbs and modifi cation
may be 20> thﬁﬁ@ﬂnmn r140hd O34 TF¢11Q]ri 4 _anddsc u d the iinvention
as defiljned in tlR@MEH| | owi ng F7ailm®32- 17125wWD (32 02A9-85W ¢l ai m
PCT/ USO0AE43 16/ Chipped ingot | 500 633 133 20 0 Poor
Remelt 508 | 638 130 25 0.07
ZK60 Chipped Ingot | <475 | 640 | >163 49 0 Medium/Good
Remelt 475 | 640 163 40 0.2
ZAC Chipped ingot | 337 601 | 264 59 0.14 | Medium/Good
Remelt 340 | 603 | 263 63 0.13
A356 Chipped Ingot | 570 630 60 19 4.2 | Very Poor
Remelt 560 | 630 70 17 3.4
520 Milled Shot <447 | 625 >178 68 0 Very Good
Remelt 447 | 625 178 67 0.23 |
15 Based upon the above table and the SSMI control results, it 1s seen that in order

to reduce thermal shock on the barrel 17 upon the introduction of the feedstock therein
and to further minimize thermal shock and fatigue in subsequent zones in the barrel 17,
It 1s desirable to provide a feedstock having a larger temperature range from solidus to
liquidus (ATs., ), as opposed to a narrower range. Additionally for the same reason and

20 for the reason of preventing plugging, a relatively large temperature range (AT,s) IS
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1. An alloy feedstock for sem-solid, netal, injection nolding, said

f eedst oc sing: 5 an alloy materlal in particulate for sai d all oy
mat eri al @%@?@éﬁa het er ogeneous structure, having a tenper%lq'{rﬂ"éo éﬁ(je at

20% of the height of the peak of the main nelting reaction greater than
40C, andidsaed.ngOfatheaitiisirabéd tekmnhlesgthf altoneA|Eéakallo;' anldeAg%a ethey all hedct i on

to the hei.ght  of. t. eak of the mm act,i |l ess than 0.5 10
2 the al LT sodatiffs BERPeRlyh R e BbRibe i BRR B T dEPRAGEPr om

sol i dus raagéd qliedsishanf 4tg°rceah@rshbduean SBMXCconﬁ'olléﬁ‘llﬁy a\lewaaeﬂﬁksttﬁark tiodt ofl ai m 1
wher ei n sai hetﬁﬁ%gn‘eous stru %\ﬁ is said feeds L}ng S tructure 15
4. The a'P&"G' &8 U ef" BIBTHCS Yy 2R A B‘é’HefS'ﬁ 'ﬁéteﬁPe i's

sai d & eedsi=06 Kh@fdﬁbﬁfn@sdrfauﬁtéﬂsﬁcs 5AT%|_ hef ableayerftees s @CKkaref m@re\y’;\lﬁr@félramer ein
sai d feedstock is shot he al f eedstock of Claimb5 erein said

shot is 9"&piedl Qara:aép"éa %mPf 'e‘f’s hae O Ia(‘)"‘§j ek TdRRPYr e8s 43 6 mE%efn sai d

rapi dly @eagkeduehRingeSAE00bEeAg reMed thiW 4pP@SHdr %'r@'br&éra%ly Rt hay
f eedst ock of almJg. wherein material is an al um num al . The all oy

f eedst 0ck5°6# Tmedﬁwlnawﬁ@détmkgacr@aﬁ%ﬁ Bermal sheclatw@grb@gﬁuﬁ whilp§bresding0. ~ The
al I oy fe,e,g%gqt/epf gu?éh't? of %ﬁése'irﬂtr%"bgrrmﬂéﬁé 'a‘?éo Hécréaéhé“%h@'hkéw‘roo&]of The

al | o1y f eedst aim1l wherein said material Is a copper alloy. 12.
The T | opluggiegistwtierod g iatarogeeasisly stedciurad tfeedsipcki @élw@yemm@ﬂgh

granul es R S
t enper at ﬁrsigééim%ﬁgg b%%ﬁlgqyrggﬁggw )ﬁ%@b/e% @%&D f LTLe egpli%y% Bqﬁ@ ®ck of
C ai m 12aTWerattion whaihctonparatt grrovte foraped pbmvoltdaeaitwcrf SSMiabholdinghi ch after
sem -solid nmetal infection nolding conbines to forman alloy material of
pr edet er m nedFi@ St illbsiedssthe-1h@entidd .cAyicabt Af Afe RSBy curvA.cAtiie Al fAfoving;

A A(. A9/ K

ot 61 val o e PP o b agjeL 55tk By AORESR) (S cRr N SHPE s neR ey - au
] Ca]‘lfa] C'@htp@l;%)i@]mim]wsudabea]slctéaid]eraihﬂec)‘.ant#}am@]glng is experienced by barrel]17 | cal ca
HiHH#SS Yl C cal cal cal cal.cal ca
]ca] ca] chtf EPEafta ﬁ'%é%”c&] % 121 ‘% '8}‘%'% ]J%&% 5%%% H&Je&%!é!&é&éni (e €7 (b(((
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30 It is seen that higher control/outside barrel temperatures are needed for AE42,
compared to AZ91D.

In the samples not shown in FIG. 11, the heterogeneous form of the alloy
exhibited better contributions of AT,y and Rg, than for the more homogeneous form of
the alloy. The larger the temperature range (AT,.,) the less the thermal shock in the

35  various heating zones of the barrel 17 and the greater the control over fraction solids in
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The nominal compositions of the illustrative alloys are presented beiow in Table

3.
TABLE 3
Alloys Normal Composition (Traces not included)
20
Mg Base (Mg Balance) Other
Alloy Al Zn Rare Earth Ca Zr Si
AZ31D 9 0.7 - - - -
AM50 5 - - - - -
AE42 4 - 2-3 - - -
ZAC 5 8 - 0.6 - -
ZK60 - 6 - - 0.6 -
AS41 4 - - - 1

In addition to the above, Al alloys with improved moldability over A356 and
designed with improved AT,q,, He, and AT are in the range: Al base, 2.6 to 5.0 Si, 1.5
to 3.0 Cu, 2to 4 Mg, 0.5t0 3 Zn.

25 Zn alloys with improved moldability over Zamac 3 and with the improved
characteristics mentioned above are In the range: Zn base, 25 to 50 Al, 0.5 to 6.0 Cu.
Moldable Cu alloys with the improved characteristics are in the range: Cu base, 25 to 30

Zn,0to 6 Ni,3to 7 P.
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f1090& (h)avf% "al A &q&x)rbr‘uﬁ %Qﬂ%ée)ﬁeﬁus structure Th|s structure can either be the
1090& () - 1090& ()- m'10%& () - S3DEEF
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& Z4H0%aE () -To-folfd W& hedero Eo&@gtructure In the mlcrostructure of the feedstock, fast
10Tl : 10%I'&' g 8s3$109%& ()-9F7! 109% N?P
L0 %G, (OPO' Wy(t? b&lﬁui)ge@n(lly for ed into the edstock provides segregation of

MLOY%E (the 'afroys tRIERE () tha9%ark8 & drebPBRI¥AAIRY the eutectic melting range and
lowering the start temperature. Fast cooling of the initial melt can be achieved by
several methods. Relatively slow cooled ingots which are subsequently mechanically

15  chipped and at the particulate feedstock have a moderate heterogeneous structure. As
a result, they exhibit relatively large spikes during the eutectic reaction. This is most
readily seen in comparing the other AZ91 alloys prepared from thin sections of die
casting scrap and semi-solid injection molding scrap AZ91 alloy from ingots. In the
former two cases, cooling occurs very rapidly resulting in the heterogeneous nature of

20  the microstructure. Cooling rates are generally 20 to 40°C/S as compared to 3°C/S for

ingot stock. Similarly, chips could also be formed from mold cast sheets.

Another method by which fast cooled particulate feedstock could be formed with

a heterogeneous microstructure is by way of one of the known shot production methods.
Those methods include water spraying, spraying in air or protective atmosphere and

25 dropping the melt stream onto a rotational plate, drum or wheel. In all three of those
methods, drops of the melt are fast cooled resulting in particulate feedstock having the
desired heterogeneous microstructure. Enhanced micro-heterogeneity can be
developed in the « + f region of FIG. 12 and then shotting or extruding pellets which are

fast cooled.

30 The heterogeneous nature of the particulate feedstock could also be on a macro
structure level. In such feedstock, particulates of the low melting point constituent(s) are
mixed with alloyed particulates of higher melting point constituents. The alloy particles
containing the high melting point are initially formed such that they are lean in the low
melting point constituent(s). As a result, the particulates of the low melting point

35 constituent will first melt, increasing thermal transfer to the alloyed particulates and
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$& () - It is to be understood that the invention is not limited to the exact construction
illustrated and described above, but that various changes and modification may be made
25  without departing from the spirit and scope of the invention as defined in the following

claims.
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said feedstock’s macrostructure.

c'v;c
11 ‘V&S&()-llo"/&S&()-llO"/&S&()- 2V C
1 10968 ()-!1096& ()-! 109%6& () - 1096LIUHG01E18096E ()

15
4. The alloy feedstock of Claim 1 wherein said heterogeneous structure s
sald feedstock’s microstructure.
5. The alloy feedstock of Claim 1 wherein said feedstock is shot.
20
6. The alloy feedstock of Claim 5 wherein said shot s rapidly cooled shot.
7. The alloy feedstock of Claim 6 wherein said rapidly cooled shot is cooled
from a two-phase region
25
8. The alloy feedstock of Claim 1 wherein material is an aluminum alloy.
9. The alloy feedstock of Claim 1 wherein said material is a magnesium
alloy.
30
10. The alloy feedstock of Claim 1 wherein said material is a zinc alloy.
11. The alloy feedstock of Claim 1 wherein said material is a copper alloy.
35 12. The alloy feedstock of Claim 1 wherein said matenal includes mixed

granules, said mixed granules having at least two different solidus temperatures.

-18 -



111 1098& ()-!1098& ()-!1098& ()-_Cv! 10%& (! 1098& ()-!10%& ()-!10%& ()-!1
0%& () - @40%‘;%2 1 1096& () - ugF% 8 $109%$& ()- 9Y7! 109 $& é)%

&2! 109% $ $10%$& ()-!109& ()-;c !!HDvU48 $1 F, /358001816

&nt 10%{%{& () 8Z" 109/ W& ()- L! 10%/9%r&' ()-10x$10x$10x$ @

, 109 $& ()-1E/ [:vU48 $1  YI0%Wur&' ()- 9s10%ro&’ () &SZ" 10%WrwWr& () -

e ) T RS fobasi XA o R bt 0 o2 ORG-S

Sl &109DY&A (r)m(&G)\#r[lchllalﬁér $émi-talid1 oEM8jethion Intoldidg I6vtsids) to &zkmil @MOENsE () -

L210%r%r& e& ()-S{SvuU48 $1 m'10%$& () - ym 109%8$& () -

1 1098& (2@ %?%ﬁ% Wéf} gﬁ{ﬁw W& ()- 9s$109%%W& ()-Su|[:vUas $1
-1098& () - 4%1098& ()-g Y'109%& ()- MPLOY& ()-T |1 "1098& () -

yY'109%8& ()-uQ [:vUa8 $1 f 10%& ()- &S10%$& ()- Z10%& ()- 1098& () -

| 3" 109%& ()- nl0%& ()-bBvU4A8  $1

$I 10%$& () ->$! 109%8& () ->$! 109B& () ->$! 109%B& () -> # 109B& () -

"F109%& ()-vVev4s $1

$! 109%$& () ->$! 1098& () ->5W W 1$! 109%6& () - >$! 109%8$& () - >$! 109%$& () ->_) vUSW W
$I10%$& () ->$! 1098& () - >$! 109B&' () - >$! 109%8&' () - >$! 109%$&' () - >#% +- / dDvUSW W
$I 10%$& () ->$! 10%& () - >$! 109B&' () - >$! 1098&' () - >$! 10%$& () - >$! 109B& () ->/12
8: <>mvt vUSS! 10%8& () - >$! 10%8& () - >$! 109B&' () - >$! 109%8&' () - >5W W $! 109%8&' () - >
>@DEJLi M vUS$! 1098&' () - >$! 109%86&' () - >5W W $! 10%&' () - >$! 109%B&' () - >$! 109%8&' (
) - >LNRTVXY_) vUSW W $! 109%6&' () - >$! 109%8$&' () - >$! 109%$&' () - >$! 109%8&' () - >$! 109%5&
()->Y] _acgi dDvUSW W $! 10%8& () - >$! 1098B&' () - >$! 10%6& () - >$! 1098&' () - >$! 10%$&
() ->8! 109%8& () - >i kI gsuwmvk vUSS! 10%8$&' () - >$! 1098& () - >$! 1098B&' () - >$! 10%8&' (
)->5W W $! 1098&' ()->wy}i MvUSS! 109%8& () - >$! 1098B& () - >5W W $! 109%86&' () - >$! 10%
$& () ->$! 1098& () ->c-vUS5W W $! 109%8$&' () - >3$! 1098& () - >$! 109%B&' () - >$! 109%8B& ()
->$1 109%6& () - >"Xga@US5WW 9 : glo%& ()- 98! 10%& ()-> 55$10%$~& ()-9 & 2
"109%8$& ()-g 0 109%B& ()-3$! 109%8& () ->gvwxyHvU4 1098& ()- fZ"10%& ()- @
"&10%$& () - &10Y%$& ()-10%$10%10% f; @OYB& ()-H. |[:vUaA $10%$p& () -

&Y 10%$& ()- 9F'10%& ()-S 10%B& ()- 10%& ()- 3 Z2"109%& ()- R [:vu4
@Z10%B& ()- }"$10%& ()-f SIF'10%B& ()- "10%& ()- $10%Py& ()-

3"10%& ()-SRU_ [[:vU4  5t$10% $t& ()-s 4 "109%& ()- 2$109%& ()-

"10%8& ()-@ @ $109B& ()-f ' "10%& ()-wxyzLvU4 ° L$109$& () - f

LP109&$& ()-f 1"10%SP& ()- & 10%$& ()-10d$d10d$d10d$d

"5t$10%0$d& ()-sL.z|[:vU4 &y "10%S$& ()- mMOW$& ()- &LOW$& () -

$LOXBE () -9 $LO0%KXEX&E ()-g F'10%S$& ()-+3|[:vUaA "SLOWXB& () -

"10%% P& ()- & '10WP& ()- & "10WS$& ()- YyPLOWNXIN& ()-z &3"10% P& ()-3
al[:-410x$ ;,10%3$& ()- !)$10%uxPu& ()-- & ( "10%3$& ()- &FLOW$B& () -
QW10 P& () - &# "10% P& ()- MoA410x$ } @DPL0WE& ()-y y @PSL0%& () -y
"109%8$& ()- @O%& ()- 9109%B& ()-10x$10x$8;|[: A410x$ ! 1098& ()- , 10%& ()-
3"109& ()-, ,10%& ()- S3"10%& ()-- $10%$~& ()-z;8|[: A410x$ . 109%& () -
T-GlLOYBE ()- s*flO%B& ()- ( 1098& ()- &4"10%& ()-S

#1096& () -| [ NA41010$10$10% @ @OYB& ()- 7s$109%& ()-g 410%& () -

1ImMO%$& ()- LO10%$& ()-,|[:NA41010 VY;-10%! & ()- 910%! & ()-

9G'10% ! " & ()- nl0%! & ()- F'10%! & ()- "10%! & ()- Normal" "Headi ng
13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font
m(_3s>1 T<Mh\ t xy & mAQXansJSpqr st uvwxyz{gLO "#d%&b(]){*2,]/1Y67: =@A3DGE_MP
RV'XZ?1t]]6 sbehknVrtiwy|"'.Dm $9Zn$B[ gESu/ >LYi wgHRL3; | } ~6Ti nes New

RomanAri al Courier New'h Root EntryWrdDocunent F

I"H#B9& ()*+,-./0123456789: ;

<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

-19-



