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GJ $MOG BdzOdz! dzlz © d dzq CeBdyd Mz Milstck
sBh jftedL dzgOdets, yYlsts CEBdyjmMeoOw Mokl szt
FeSi d oy jls MsOBddzdL dtets )@Y wd dzdzj SBIES I
S dzOYHY ddd B [ 29

ANOLy®f Jtcoar j B' dzO BB dzgOtclzy j d&zO Ar mand
[38, Sun d Mon&vkefan| dly, Jd[ibKg|. e t§ BL2dzd y dz' ~
s dizd BDAUSOCVN O o BB, dd&jsl
HJOY OL sdz" GEBisce j dedesmis (.

RA3J ¥ Ismw L dz@aj dslyf jtedp'Hdp'dg] dzdztsisd o lsdzs™h
d HdOf OL sdzse MtsMlsOa O Hikzedr Mtsj HJdzj da
Si, fesmMitd Sk Btsd hddhsets + ¢ MY j ted d3d dzl
ZO WOLORr M MomMlsOe OdRd, BddL $ddid J33tsB dz
weodzw jIsfqw  &zOdBdzj j §des2, N GCsdas 2
R sdz' Lz d3" § MEsSsMisd - d20y Hp gt d dztf) 5 Mt
10 MjSkdH. RA tjLEZdAd IsOIsT B" dzd HJ lsOdz
28] . 1| HGoicddjTdaed § 8yt bz adki mMsse " d dzd
Mesdnddzy dedv, bt vPhERdYQ1 ldztKQdzjr. K3 (
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dt5] Hddglded(isB 5L dzQ U pdedzH p K Mut uzaki)
M2 MjHddd dzdj f MO d3 dzd L ¢ @R Hnjtsdz J -
SHdtsd3 dqL tsHIHEOL yses Xi e

yss COMOJjIlsmw ¥ OLeT" - 6 QZosmislipy ggi2. M
Austin Changtf ts dzv dzd , Yyss jBfjtOlskzte® dd MmMsmils
tcj OCydd:+Bi+d T&keda d Mutuzaki Mtso f OH O
AlgFeSib + Si+§ Angl ezi o] ¢ Blsste[ 4 1 tsHIse j toH d
Mty Hddejsded Wdzts s dzj sBMEz)yHOMS dzj Misd dzO Mt
ddzo Oted Odzlsdzts? tcj OCydJ 2 . s O0¢C COGd fripgKH jt

JdLEkyJ dedzr = Takeda d Mutuzaki, f sylsd ¢t
ftoJ Hf Sdzsy dIs! Yysts tdzd dsckzls BT Is! G
HJOY OL sdztsdz e d3sc j dedetsisd Al d Si. [ G (S

WoLr F ddzd G Zarethfiygkig © dzdets 3l A tsH W L § t
oMMz Hided@®ud KOs Isfyw s #2036 % PO dddapsdgssi, Al
dHdW dydtetse Odzdzsj RAn g tz@id O d&x§O dades 2 .[ A0S
Zarechnyukil MtsQo sts]odkgstERlMQdzdl 8ts Holkza Hto

M MsHjteyOddJ 3 Fe d Si, B did.L CrRIZd M I€ O Blsg
HJOf OL sdz MEhdeinkcoasp@lszidz d, fMdz) His9 Ols
tcOMMBOItcd o Ols! Mw, fsCO dzj wWoe dAs8l B
mMssB N j dzadzOW HEnp | ddzj otc@MMdzOIstcdo O Ismw &
ANOL SO | t©OQodeseo jmMdw o Ise jteH S
10detsdzj j Behdtede | dL-d3] @ alatgty o jlshpdj2tg H t
tsB dzOfAE, W dzB r dzd  fBtefgndn@dz’ H to] 326 e I (4t
JdLBjtejddwr Brdzd ftedewilstse dzj dz Hjowls!
fsHe jteodzzlsT Ijtedzdyj MEts?2 BKOBSISEj, €
dL d3d te4 dz fzlsjddy CuQudsidtctsBOEdDOL YT o Iy
NJddzjLO ftjorhojls fftcjHjdzjdedegr 2 Lktctso | dz
Msmis©er tOLdzdyder = WOL dzj HtoedoetsHdddzd ! .
BT dzd dLetsltseodzjdzr dL ydmilsr s 1 dzj d3j dzlstso
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MsmMisOor Hdzw fMmewL ke hdrn dzddd?2 d Itej - W
Is OB diif5|y Iz
gkzh jmMsolzjIls dzj MSCtsdz S5 dL d3j tc SidddFe o {f tc
] AsfOL J, i tc ] HJazschegd9zddolik d H tc]. Philjp$ [@6] Xie.
[15] Clsd + SMY J Bpdgialzly Odzddzsf 5 tOL B tots O dz
v OB dzdiw@tsR dz' J dJdelsj ted3j IsOdzdzd yd MC g Mt
Si
1 OL 9 @ _ stedMmlsOdzdz [ ke dy da
[ BH] dz .
d mdag Mistclz € Is | dzd s j tOIs b
Aloes Fen19Sioos(Al, | 1 4 € MOG tsq 75,[28Ks,[33]5,[34M
Alpha,a _
Si)o.10 [43] [44]
Betab AlosesFey 152510 (Al, | [ 5dats € dzd | 76,[28Ke,[33]X,[34]L[
| Si)oss [45] a4]
_ [ Bdzts € dzd
Gammag | AlgessFé.205Sio.16 K[44]
[38]
U J stcOc tsd 14,[28K,[33]5,[34]A
[46] 44]
_ _ _ 71, [28K1,[33|C d dz(
Taul,tl Al 35 F&y 37 Sl L o J fi
0.35 F&.37 Olo.28 14 d d D q dE[44]
Tau23, Al E S g - 12,73,[28 K>,
I L9
23 0.54 F&.26 Olo.2 14 d Ko [33]F d de{44]
Tau,t A|0_40 FQ).25Si0.35 1 J q L 9 J fr A|3F858|7, [41]8[44]
s JjtedBBHd 2Oy MSdj HOdzdz |
17 izt fteseo j H] dzEMlz] G Ggeztzle Bdz! dzr = dL d3y
Al  YdHEB2 WOLj: Cei WWdyd Bdzd O n O]ls ¢ &
ltod dzgj MEGtsdzr CSdr f sMistsw dzdzr = MEshxig)dzts h Y siag

Sisdztsh § dad
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and Batalin54] MttsBh Odzd & ONUNJSidsiFPMARCId F
1546C € O¢ 0.001596 d 0.005794 Msslso J Ist
dzj toj Odzd Misd Yydets?2 Isj detistdOIsztcdzes?2 L Oo d md d3

v f zslg® dan@xzd v B dzO dL {34 tefjlxlisQ) d30 el "sde
NdHEC e fpfidzGp O JH S sets Fe o9 otsHd 2 € O
dL a3 e ded ™ dr Ists2 ¥ Jf fmme) deds o Pls j i) 5)© a6
56. sz HEjls tldijlsdls! , Y lsasztse B $sfhff j Ho=(fip
tcOQo dzetso | Mdes] MMmMisswdzdj. uwtstlse jlsMmilse j dzdz
syjdz€j bjtBdsHddzORdyud MSdes Mots2Mmilse.

Ry sdzt L 2w Ho © tSHAsW OL dz' = ts B 16|0,L y @),
ftsfls ©Oo-GeRA6 FMI. 4 25 -Ri482Fe7AIB64 Si M¢ d g lne |
Kleppa [57] s dmMOdzd tBiOL 8o Oded jd3 WO dzts tefd d3
ftov iise s Mfdsjujf dzZsE® tBtcOL o Oded W i to
Isj] BB J tcOlskztec d3j Y HEzZ GHddSW OL dz" d3 SBCOL Yytsdz
Fe d Si l GHdBOStor 3 MfddoGeoHtdgzd i ¢ €
fsctokzy jddw dr o € Odaxftc dodsjHisjtds yidtedd dad w= o1 |
MiSkdH. uvjfdslsO tsBteOL t5468dedlY, 681IHAO1,4] ts dz
Cry/ dzgsdz? Mmstslse jlsMmise jdedets. s Mtsy Odzj dzd &
sB dzOMIsd Y dHYSIT ROLIEHRIOMdzs Takeda]l .d Mt
Hy &ZOJjIs tjLikd IsOIsr LOadmMwhdddd tsls Istsets
mMdsd mMd ydmssets Al , Fe d Si o Ctdgj ydaetsd
Cdzyy S jtcdd3j delstse. v jd3 daj dBjLdigaQdzd -
fteseo jteCd TBWHCO oj dzd yd dg syJ oY Cadzts2 o
ZzOMmlstswh j2 tcOBBIs, .

v ed3ssH ddzOd3d ud M dgj dBSHJ dzc

Il MmdMmlsj &3y Mkh jMmlseokerls o thdtso detsd3 H o
d ddasjted3j IsOdzdzd ud MSd4d MsjHddzj dzdv. A C
MstckzC Iskzter Y stew H sy dzdz” J§ dq dzjbkzf stewH
tcOMmlso stets o BSH | dzdtelzs Ismw fn dmf sdz! L s9 C

b stV HisY] dedes G 5 #Giples tete@,@ L I AjB.e ARSI, F e
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BHJ dzdtelzj Ismw M dimYf sd' L s Oded § &3 wjofffrd J
MsjHddzj dedw tsBr ydes dadsdi ¢ lIs Hej ddzd B Bdzj |
Hdzw 1 dzgjteedd 41dBBMO WOL BzHEIS ftcj HMI
or Oy jdgr yYjtedL 1 Bsd JjHJddyr Wstdkzd

tdgnhjddw WOLT: rduSBsfMmls:, 1 As, [As A2
fdmis dOMdzese ' & Odzd ! de© W yg 2¢ 4
rdun¢ow WoLr, J1As, JAs A2 d wyj?!

cOMmMsotstec” L OB N jdedw f 1t dzgjtcadj?2 4 dBBMO,
G = x4 °GH + X OGP, + xg; °GE + RT (x4, In x4, + Xp, In Xp, + xg; In xg;)
(1.1)

L HOGY - Bisdzv tedzOW 1 dzj t6& d Wi (i|=A8, F&)PSi) { dhj =53,
MistekzClskztes?2 A o dzj d30G6 Digsatkzts o3[ SrPsmis 5w dadt
mMdMmisjdg [24Fe 3y jdzjL s BtcOBOIsT 9 Odzd sO¢,
wOfiso sted isfisd o WL XO Y { BMY . d v§ Y ta
1 dBBMO, or Oy j dedets? g Jpdeg dctOY dzj dzOr t J H C

Xs~d _ n  Jjjd i n  J;d j
Gm = XaiXpe j=0 " Layre(Xai—Xpe)’ + XaiXsi j=o "Lapsi(Xai—%si)’ +

XpeXsi j=o jL?e,Si(xFe_xSi)j + X1 XFeXsi jL,d&l)l,Fe,Si (1.2)
LH L e 1 10§ OGO ste” B d dZOtcdetsets oL Od
MhlsOo dzr & B d 0@ 5 LIS OB sts st
OoLOddBBHj2MIsadWw, dgddzj e hd2 MmMdzjukze hd2 od+r

17D 2,0
Laypesi T Xsi “Lairesi (1.3)

L;Il)l,Fe,Si = Xai OLg)l,Fe,Si + Xre

LHIL resi=a+bT, d a d b wWadwsilsiw f OttOd] st

sYyjdzCj dL Sy jtedd3j des Ozt dzs?2  dzlt tstc BOY

cOL g0l , ntlw BSHdd d Isj 3j Mizse O Mt

Fe ftoswodwjls OdasdVW jtototsdzOc dedf 1©dztsj (

Wittt BBOcdzdlsdets] EY-®W H I dzdf O dzd B gz 2«
L dBBMf@)( SfdMro0jlsw o Oy jdedj 3

A™IGE =RTIn B+1 f(7) (14)
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IHiBsY 6] H] V] /BATY-SCWAU d ud MOV s Bf J Ok
b stwHisYj dzdw, Is. j. @ J o= dztc OICims@ ¥ i i
st HisY) RJOL jo d| Als] BY j tePlsmtd® iy tede ts (BD
rfsweYHsyjddY of-pAdu@uzd, ¢ p VL OdzdzOv
L dzstesfdj2 d o Bd hddilsej MekzyOjs L O
I B0 d@20 Bsd fOEEEsNS0y &f jzs Mee 2 dds
Hi | | darltf6d d 1 sHtesB dz' § Fr)e@fdad WH orts@®vy dz
stets? dets? foffipls | dgOA scstso ziflsj wOlsktej [ 60, €
JASWNOLO 12
[ASHOLO H)jBodhsttdiek] B | ffwEs so ot
Mdmlsj dfoF [A123i[24f . F§BOBBIKSO bLittew Y]
Ho2dz & MdMmlsj BOR B' O GWillEmsi O dzOs kEO i
99 jHJjddw jHajlsts Cf tH e Oo dz' df yd fdets diis tz & 2z
Al-FeS i RBsH J dz
(A, Fe, Si) o5 (Al Fe, Si), s
l dzj HOo9 dzj d3 | H 8 CdAfQacjd V[ 62d BB MO W OL T |
stcd yOMmisd, yYbtser EkEfttshisdBYf se™ is®yj dadz:
5. j.

G = G* ¥, ¥} + G xp — Gy x,x; (15)
IHgEtejHMisSOo dzvw j s e 52 KEidsd sdz 8az0 Wt
yrdy?ftcjHmlsOQoadzv e Is Misets?2 SOC dz2OL " 9 O B
fjtcots?2 d olttes? foHjh jkCOR, Mosle jlsf
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0] b
i dmMzdzE§ DY OL sdz¥ MsMisOo © M BBJ-FeSte ts b dz"
dsdzv todzts 2 HBs dzgsO s o 2 ( H tsdz(d .

lTteOyjdadj Hdzv EfstWHtY) ddats?2 yOMmisd:

G i, ¥¢ = iejyiyl °Gij +0.5RT (yiIny! +yiIny?) (16)

1 Ote O 3§ Wifg ' GHJ Hotsj Istsyd j tcOL H j dzv |
fSHtejh jsCOn,ddhitseE@Y®Pks bListwHsyj ddv .
Md Bdikd sted d
OG,;:]- = OGj;i = Tmax (1.7)

LHI f im0 dzv jIs BOC Md B3Odz! dzlz ® Is J
Ho sd ydes?2i-jind Misj d3d
1 J MY seW H B YaFoy o Jofifmsd g dzv j Is 1+ dzj ee db,  1SdosCE
fsCOLOdets § jcPdzdgy dzy O r rdHSCsMmis! | 1 As
lIsdr Hoka BJdOtdz = MdMmisi 3O AU tayfiisddii2p dzo ©
W stedsk dzj w Offffa @i v M § sdsh syl g s .dai bad
Ho 82 de" » MdMmisj BOR jedediPf” Hsdz'j -Bzd UzSi [EA2D
(G L dOypded Jf tcg dz O j Isfqw  tcOo dzr d3 dzlz dz® ,

l 2.
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Rdzls § ed3d sOdzazd ud MEdj M Hddzj dz

I mdmlsirdd dJAB] J v  uydbrty MbsOBdd d
fMsd Hddzaj dedw d f *Sls:, els BiPdffifdsM 63 AlsFeg FeSi,
FeSis, FeSi FeSp-L d FeSp-H, Mtstslse jilsmise j dedets. [ dzed B
dmy sdz' L 5o Odad jdgs 2ls Qs HAp@iZd- offigdpist@® iR ) G Gls
Al-Si  dzjls ddalsjtedsj s Odzded uj MS & d MeBdi & ' da] dz
fsH j dzdetse Odgr ) Ctsdzj yde &5 HJ O OL t5dzO &
B ddzOtcdz" j d dzls j ey Is Odzdzd yd M& dJ ftsd Hddzj
flsjndedjlsted yj f)Sefjh jRO LB lls j dz® f ldn ¥ &S] 1y dzt
ofd BJddzOtedz § ddalsj ted3j Is Odzaz] BRGSIHS dg Mes in
sBtcOBOIS" 908 s IsO¢, ybter tded dzj dd3j dzd
LO skhkkmlsody CMfjteddsj dzls Oz dets?2 d da¥ 5t

AOLODB"™ ZO BGBOBBISO®RO IkiejrnftsHiG M jIsts
fnd misAldsg, [24 , ISo:62d5 &0 228\(Al, Si, Vak 1375 GHJ Va Bt
9 OC Odzfidy . | &OMsswh j2 w©OBl] Si §to]
fsHtcj M jIsC heors FdBoss J(Al, SIANak13s f sMEsdz C I dL d
tcOMmso sted BBsfils! Si o MtsjHddzj dz2dd dzORtsHJ
(et WkdSydw 1 dzgjteecdd 1 dBBmMO LOYfdMr 9 ©Of
G = V2 *Clrrear + Vi “Glrresi + Yoa *Garreva + 01375 RT (y3 Inyz; +
+y5; Inys; + ¥ia M yia) + ¥aVialavre.ava + YaVsiLavreasi +

+Y5i¥ialavresiva (1.8)

LHY BBLEOYOjl dididas®vsd , (Si, Va)
fsHtcjh jIsCj

Gprrex = 0.625 °GL7 +0.235 GRS + 0.1375 °Gy + a + bT (1.9)

1t6d Ll X fjHmlsOs dv j%,, fise =2 BAK],dG
wWeodzw jlsfqw |3 As HdA&v Al dLarA.929 oy B © of dzVSji Is
oL OddisH ] 2Misedj d3j doH Es te jdsj dfj2dzldf@octe jin jds ¢
f sdzd des 30 ~+s  fj Ist 24 @ .O
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FeSi-L d ,HeSs' dzd TMBsH | dzdisty SQdeds] I€ O
MsjHddzjldad v Is [ 4 Fge Sinstslse jIsMmise j dzdzts. R m
stots?2 dgzs W OLEZ tOMmdIPlsiciglo OdzB d3ts i JSdre gy A ls |
Hokzrn WOL o odHJGRES),AI MSIsY j IsMmise j dzdats .
ftoeddawiIsr o dOMistswh j2 tOBEIs] .

s0O¢ BBMEyHOMsM! ttOdid, © dOMmlsswh j:
Istets?2 dzr = Mtsd Hddzj.tgd?2 1(WidsOB dzffdy @LldaP B3 Y
BEHJj ddfgzs ¢ OS¢ Msjrndbdistedyd MSdd wVOLT
BSHJ dzdtelzs Isw ¢ o¢ f ts dzlz #RdsSE ~ (4l s BiJu)s t6 d R AN
BtsH j dz dz" j H ds@HoGsLots dff tc jfmtdfls O o dzj di' a ) dgOd e(d
Bsdz! dets? HBsdzj d BOfMMsets?2 HEsdzj, Mt j
Yylstser" fsCter 90! wOLd&Jydz" J] HJOY OL sdz" ¢
1 dgjteedd 41 dBBMO H&zYW dseBtets dqL Mlsjndtsds
COC:

OGATEESE = x °GI +y OGP + 2 °GH® + a + bT (1.10)

R HdvBcEts L §odkhmisjidsdjlstdyj NS d-=

AleeySlZ(Al,Sl)W _ 4 o 4 0 4 4
G, =Ya Garresi:ar T Ysi  Garre:sisi t WRT (Y Inyy +

+ys5; Inys;) + yarVsiLavre:siavsi (1.11)

L Hlbaresiasi f 8d HMlsOo dzw jIs MtsB 2 oL Od BSH,
Yyjlseo jtelsts?2 foHtejh jlsCj, 0" tc O jsdgdids?j OO
mMdzj Hize h jd3 wOLHjdz BIIJMORO f(tesyjHEZEO
d mis L dzOyJ ded W a d b o WG H'JH L ,dR BL
ftcj HiNlsOo dzj dzr d M tctso 5 HOI! Mw f t
1Sy Jted d3j delsOdz! dzts?2 dde stecd3OyYdJ 2.

{Ud dzEBsisd OB U MEdm § OGO

1 OtcOd3d Ister BSH J dzd ME g gztizd B OO Bz ¥ d3M BSH Iz
ThermaCalc. [63 ClsO ftosctcOBRBBRBO MY @B dzpy das
1 MY J ed d3d dzls Odz! dzg" § H Odzdz" | LO tHdk st
®Bd ded BBz Bz Mz sz "M dBtssS M SOYHT A& dL
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Eydls™ e Ow tsftej Hjdzjdzdzr 2 9 j M. l i or B(dHt
dzj sftcj Hj dzj dedetsilsj 2 HOdzdzr », ro (tddss d dad
BsH j cOIststc O, Hts Isjr ftte, t8C0O Btsdz h Ow
ddeW stedzgOydd dzj BzHjls otfMmftetsdL o Hj dzO
ded 5§ t6j HJ dzj dedetsfls d . I s § 63 H d 820 d3d)y
dmMfsdz! L so OMplc.d3 Ther mo
rdgHEOwW WOLO

U edi3sHddOBdUd MEs) SfdmMOddy XdHSB2
flsjdd fsHetsdzSC d dL d3j toj dzd 2 O Is dBadintsfr) Isidfc . A
[51] wdzv MY dzOetse M o' MBC d°ds fds Hejfile) OEAlg @
M zOo s M MtsH jtey Odzd j Blsptco Blzj 5B BB B O
HS PAO0O0 jtoo 5dzOyOdz! dzOW Y tSHGEtSdZC O H Odzdz" -
LdzOyjdzedjy oLOdBsSHJ2Msodwy Csdzs 20000
Bedond Ht]. d 5%lstedyOlsj dz' desegts L dzOyj dzedv o
40 000 HEBS/ 7TWRsSUOO0OHPY oMmjr~ HtokzeodH dHiddsl
fpzh imisekjls Mmdd dzov CsBftsLdydy d bkjd
oL OdBsHj2Mlse dw. Hdzj HE59 Ols j dz! diR, re, &f 85 H €
PtcOo dzjlbed d 4[F dzd HEf tsdzdzdIsj dz' dzs ME s ¢
sjtedR3dsHd dZOBdyj MSdr fdMOdd?2 IsejteH" a W
1S jtoeddzj dals Ozt dz" &3 H Odader d&3. ¢ Mmdets, Yt ¢
Bsdz' , f sdery0izdz0dzi &y jls Metslse jIsmise tso
OCIsdodesmisd oeBdzdL d tsBdZOMISd BBGEOISS2 Al .

1 @z0tedz" § WOLT

sOC EyJj EfsdkdddoOdsm: o ©LOLHJjd] Isjtd
BJd &zOtcdz" n ddzls j tod3d Is Odzdzd & j FeSiLr  dfn) SRSz
sBtcOB OIs"™ 9 O8 Isfyw m Istej =~ € B3 5dzj dzls dzts 2
tcOMmiso sted iz fpls ! d WoBHle 8dF ESBESHdBO HEZY Gt
HJOf OL tsdz dnr dzd € 9 d Hakefjg©Oand Mp@uBalf33H O jLdA@L |
sctcOdzed Yyd dedzets?2 ddeW stedzOyd d, Hisfiskz{ dzts2 ¢

syj dzj ®@denepud Htc] , [ §O0OMisd ydes sMmdatse Odzds |
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dzj 5 zB ot Chts® @ &z jtod di3j dzls Oz dzr 7 H Odzdz' 7,
OB SIS .

v eBsHJ ORI ud 94O " shd i@ fdets2 Md Misy
mMmowLd M Istej nWOLM i3 ttOodztso j mMdWw d3d .

RELO tlfbklshlsodw ¢ jtcd B MBod dz &Ot
qdalsj 6j MO §& Odz¥ 3B da joats'y &3 o fy fOdf@FsBIs ? Bts o d
[AstOLj. (OMsotstd®BsmBOL Fe adzdIiCsd §A4
Htso sdz! dzs RO ZO, o thdsodtsdy tsftci H] dzw b Is
f OLO®Rj stcOBd d §wOSlsdyimSd  daj L Oo
oL Od®sH j2Msoadwsd, v O U0 AL Bl M sMise &z j |
st dzgscEts oL OdisHj2Mise dw.

vstets2dz’ | Mtsj Hddzaj ded W

4 ftojHoOtdlsjd dz B IsjteBtsH d dzOd3d Ui MS d
B' dzd Gyj dzj dg*W Ogeg 52 fyldes@ o3 B " dzd Y dzg,dz
B,y s flsj B 1 SHCdSHdze O] @dAsdE = t©f DS Y

tcOQo datso j fnd 2, 9" W § dzjfladz" O R @Xts totd Jizl L DL s T
Msslsdzgsh jdzgdw d WOLBer" j twOodetse jmdw, B (
Brdzd ftcjHoOtodlsjdz des tsftcjHjdzj dzr . 1 s |

ftojHoOdlsj dz' d' j MBJ Jo di3ts o drig@ded Ys ' dzO ff o5
sBh OW sflsddizdL Oyd s dzdzO W ftesyj HEZtcO® H dzw
SlstsBtcOdzdz d3 + S MY j tod o3 dzls Ocddz! dzr d3 H Odzdz" 3.
yofmls! ZOmsswh jes dMimdzj Hise OdedYy d yYOMm
dzOd B tsalss higf r s O.

1 smMsdzr S MEh jMsolzjls f wis: Milsj » d tsd3.
dr Bldtshdlsj dz dzOw MlsOB ddz! desfyls' -b ks 9 B
Ybsts btekzHdzs Ctsdastesdzdtetse Ols! . 1 tod dad B3OE Is
MsjHddzj dzedw BT dzd Mis OBlefjdazdg tefdls mtes' .C 5 d3dz0 s
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t dmMkzdzBE | Odztsy J dzd | ZzdCodHEMO dz2O € Y 51

dLBlsj ed3Odd (flzdIsdteds di3d dzdded ™ di3d) ,  daC

sj &3 j &OIskzte" |, sBtsL dOYJ dedz’ § W HBAHR M 6t
Rdzo Otcd Odzlsdz | tJ OCydd dzdRkeyfdatr i) I Mt

edfzdeSj 1. 8
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Experiments Present Calculation Symbols in

Reaction Class / 1 Wre Ws;i Ref. /456! Wre Wi Ref. 20 Ref. 15
L + Fe,Si & bee + FeSi I, — — — — 1178 77.9 21.0 — —
L + AlsFe, + AlsFey © AlFe 111, — — — — 1155 49.0 0.16 — —
L + AlsFe; © AlFe + bee 11, 1120 51.5 2:5 20 1127 52:7 2.81 0, U,
L + FeSi + FeSi,-H < FeSi,-L 111, — — — — 1076 41.6 44.0 — —
L + ALFe & AlFe, + bee e 115 51.0 30 20 1073 510 7.19 0, -
L + bee + FeSi © 7 111, 1050 50.0 19.0 1050 53.8 18.4 (08 P,
L + FeSi-H & Si + FeSi,-L 11, — — — — 1019 34.8 444 — —
L + bec © AlsFe, + 7 115 1030 48.5 14.0 20 1004 49.0 12.6 Oy U,
L+AlFe, on + 6 1L, 1020 48.0 14.0 1000 467 13.2 s Us
L + FeSi & 7 + FeSi,-L 11, 1000 42.0 32.0 940 379 32.0 (0% Uy
L+n+0om 111, 940 40.0 19.0 921 337 201 0, P,
L+ 7n+FSi-Le T 1115 885 28.0 36.0 899 33.8 32.2 Oy Us
L+nor+ m Il 935 390 220 884 308 260 Os P,
L + FeSi-L & 7+ Si 11, 880 26.0 36.0 877 29.5 35.2 Oy Us
L+0+mey 114 855 25.0 17.0 851 233 21.6 O, Ps
L+Si+70 111, 865 23.0 32.0 834 22:2 317 Oy, Py
L+ 1o m+ 6 1, 835 20 220 825 221 25.7 O U,
L+ moy+s 1, 790 180 210 823 218 254 O Us
L+0+vyvyea 111 710 9.0 12.1 24 715 6.64 10.8 — —
— 7.6 12.6 25 — — — — —
L+y+déep Iy 700 6.5 14.0 21 694 6.11 17.1 Os Ps
700 8.0 14.0 20 — — — — —
L+ysa+p I, 675 6.2 13.3 24 680 4.68 11.6 — —
— 52 12.6 25 — — — — —
L+ 0 fec+ a I3 629 2.0 4.0 21 630 211 4.10 O Uy
645 22 5.1 36 — — — —
635 1.4 5.0 55 — — — — —
620 2.0 3.0 20 — — — — —
L+aefcc+ p I 611 1.5 1:5 21 616 1.76 6.56 0,7 Ujo
615 2.0 5.0 20 — — — — —
L+dée B+ Si II;s 595 2.0 13.0 21 598 1.22 143 O Uy,
580 1.1 15.5 55 — — — — —
619 2.0 14.6 56 — — — — —
597 1.05 13.3 26 — — — — —
600 1.0 14.0 20 — — — — —
Lo fecc+ B+ Si I 577 0.8 11.6 21 575 0.73 12.7 Oy E,
573 0.4 11.3 36 — — — — —
566 0.5 12.0 55 — — — — —
577 1.0 11.8 56 — — — — —
577 — 11.6 20 — — — — —

576.5 0.78 12.2 26

t dmMzdztE @ dzd O Odzlsdz § t6J OSydd dzdSoadHLE
t J dzzlsOlst d sBMmMEkzyHjdd]j tcjZiKnidau&adls s
Y. Austin Chang
o f sdigsh 8 Cod3f ' s lsjtedL s Odadats 2 sl
ftojHr HIZN j O3 tcOL H ] dzjs,dzdzts Jf ts dzlgfy j ddsO d3tsfints 6
Isd ed3sH ddzOd3d ud ME¢ ) Y d BRG] SfigEd)deein df
ftoddzisy jdedd. RMABSHM &3 Msmistswdzdj d5 + dzj to
sSO¢ dOL"™ 9 0j d3OW MIsOdzH Ols dzOW MM dz¢ © dzC
Ldzj d3j dzlstso doo w=fdg fripdifislasd™wded d fted 298, 15 5
1l smMEtsdz €2 9" Oy JdedWw HdzW WOL"™ J[As |
dzd IOC, COC 9o BtdeddzOdzt dz@ » §EkBdzd s Oyd
sjted3dsHddzOBBdyd MSCdd WEREydd efmjnr Itejrn |
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s dMOded ™ Istgijdd) cHAEREESINo L “dis Dinsdple. [59

SsOC YBC0O0L Odzts e fiplef@detslzb s v, dzj Mis OF
5j B j 6Ot ORC, dzdpsjs HAO0 BRkkis oz f tsdgjdz d
fzBdzd C Oyddue [ @B tsdz! " ddi3d dL d3j dzj ded W d&3d s
% OAlFedAlsFe,lsOCda € OC

G = =99,104.6 + 19.4516 T (-=) (1.12)

m

0] AlSFe4
LAl,Fe

¢ SOCYJ:

= —131,975.8 + 29.7104 T (->-) (1.13)

Lyt = —18,674.4 (=) (1.14)

[ 5Y dzts MAlIFeiPdsOB d dz' dzf &3 His € 5 BRZOIs dzts 2
d MA tzts § st dOdzd J Msr tcOdzv § smw, f sM¢ d
Isj i3 j cOlskztedzr | HJOf OL sdzr o dzOfplstswh j 2
Yybsts BsHdWdeOydw 1 Isdms Heokzma WOL dagj o dzdWw
rgHSCOwY WOLO d dLtsffdzjls
ltetsj ydtetse Odzd J dzd € o daifixtit®Odz!  LetDen@ndadjisd® d:
s dmOodzdw , ftej HMNIsOo dzj dets dzO tedmblzdzSj 5
mMtsB 52 gL tsls j todsr  desd3j O], ECOLT™ 9 O
AJjdz fpdw. RLBIjttd3O M MORs?2 dzdL S8R dgj C
sB L dZOyJ dzO0 de@  texqjftpifddzd jo d MsMmisOar
ddzo Otcd Odzlsdz" = toj OSydwas tftedoe jH,jdz o
MtcOo dzj dzd M 1 CMfjtedds desOdRd dzO0 tedmkzd
Mtse d&zOM j dzd 2 . 1 BB dz§ &zZOIskztce©® d W tsttdOls d
CodzsdzC | Mtstsls o j RHimbssdoR])s KGhadodf) da@z, .[ 2O 1
ftcjHMIsOQodzw jIs MtsBts?2 1 o9lsjCldyj MSks tcj O
M2 fitedsjSisdquimédy ©J OSydd M dad
sj &3 j eOlskztc®. 1 yj dztsdz, Mtsc dzOM deleaqhj j ,t5BY &
MtoiHnddz] StBIBLdydtsddztsets Istej zesdz dzd € ©
HOs s HOddz j, BddL S dj ASH siB@piEsds O BEHSE @G

M HJOY OL sdetsd3 AEPIils o tsitsd dztiefplelzf ¢ OF BsMisOd
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M Hddzj dzd 2 te O dgCHsdets{d3 OIS tisdmy § f§SOL] fifisOL *
sctcOdzd ydo Ot ls MessBtsHkz O0dzOdzdlsdS¢ O fted &

RMYf sdzr L 2w Codif ! & Isj WAERAB, *ff tstcd B E3d3dgldz’
zdgdekm dqLtsBKOY J d2 diP IdgddifizjdeEQls PlictsR  §
MBH j o) Gezf Hidg e stedL Bdzls Odz! dets? ff dzsmSEtsMmisd .
ByHHEZ Hokig¥ MeMjHndddd dLsljeddOBdd Mt
HJ OG tc O BNRILZ, dzj ¢ ¢ ts odLEzOZdL Jetso Ols IS
ddzo Otcd Odzlsdzr = t6j OCyd?2 dzO dzj 3.

Temperature, K
- - n
- 8 8 8 8

| S I S A—

0

Mass fraction, Si

t Mz S tc]l c Bjtodets] dL sBt.OY j R JOdalrd UaOd Holef
1.7, fdeCIsdtedzr | dzddzedd tsBtsSL d&zOyO*¥ |

l jwodyde 4 WOLT, LOlses jtcHjoahdj I >
Takeda d Mutuzaki [33] , ftcj HMIsOo dzj dzrl0 MdzOtc Ote iy kad
Mo sdzOBBd Hdzw tOL dz' 7 W ©0 M i wdtflsdEizded® v
dzdeSd HZMO. [ JixHE ©OMUJbORd d +SMfjteddd
MsedOmdj. [Bd&OMls: , BddL S Ae, Bo jipdzdey jHd@
e d )k dz2.51 I sd b &zllse s LS MY jted A3 dzls O dz
osMftesdLojnjdd . [ JdAFOd AL d H§EOaZSa j Is 62
du O dzj Mstslse jlsMiseo 2A-B20 Ho 52 dzs? Mt dz

38



Symbols for primary phases
Obcc @FeSi W1,
OFesi,H 16
Vi XO X
® 4+

L diamond(Si)

N\
0.4 : 1.0
Mass fraction in liquid, Si

{ dMEdADC ) jteo dyds' § W OL ' RO si®digpift
Mutuzaki [33 . o d o s dzr fejHmsOodvsls 1 Cft
gl dzsh dgr 8 zd dzd W o3 twOMMuUdIsT 8 08 kMw - ©ts
B2 f SteW H sy MLT [ A s

ltesj ydtetso Odzd J d&zZdCodHEzMO o B dAAMISd
1 OBdzE HOJ sy wWOL ERdtsy MedzOMdy dJ yHE
HOdzgdz" d3d, L O dMmCdzs yjdedd o Istej n dyeddeO d2Q
Ists  jlifglsilg d 11, ¢ fdats, Yylsts Jjmdzd BT BN dzd o
MemMis©e " 1 Isdm Istejrn ddzo Otcd Odzlsdz’ ~ y-PIOT y
BN dzO B' sy dz ELSts?2 d ®Bhjj MedzOmM(d,
BN dzts BT dzf bLOSdd ~stetsh 31106 O0C 1 THEMIS &
SdzyJ dzlsteOydd Istejnmn ddzo Oted Odzlsdzr = Issyd &
fzedzd S Oydwna, dzets d= ftedh dzts ! Mydlsr o Ol
odesmMdls Btsdzr hdj dej sftcjHjdzjdegdesisd © HT
CBEHO HJOGtORW tedmizslsmw HftojyxH] ofMjct
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Symbols for primary phases
Obce

AALFe,

|,

AAlFe

®ALFe,

oe

Liquidus Projection
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Mass fraction in liquid, Si

t Hzdaslqi sts ¥ j, Ylstsl.1@0 dasf fiHzdd2C jsB 2O Mls,
mMjtoj Hd dzj AHFR.c2 dzts @ s
0.25

Symbols
A |,

(1|
*l,

o I,
v,

+ lllg

* lllg

0 005 010 015 020 0.25
Mass fraction in liquid, Si
t dimzdes €7 1M s1j2¢ ydw  dzd S o dH EZ2M@I frp B filpd d3g t5 diC
ftej HMIsOo dzv s h ddsd MsMisOer HyduStsmisd, + ¢
ddzo Otcd Odals dz' = toy jOoddyd 2d RRA" zWzP fotd dd fdal j
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g dztsh dgr j

-tz @d L Is dzO W

ftetsj Sydw dzd € o d

sj edB3sHddOBd Y MEddB3 s dmnoded j o3.

R L

tc d N ABACIB® d HL dzts

9 YJdHSCtMIsd tOL kddzats

BJL
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1 | |
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tdmzda—dC)l ®#dojHJ dedze" § tOMUAlIE dz®/ we € B1B3 dats |
ftod teOL dzd ydz' n MtsH J oy OddwiEts dMmtc Oy dgf dzt
1 €My j ted d3jdzidls O ditdggaidf Mitani [52] . RMatSHdZ d3 Mt
wodzv j smw  ydmiAN A e g dBdd3j dals Odz' dzf -
1 EdeCIsdtedets? dzdded j2 wodzw jlsfpw Isj Ckhd2 teC
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Mass fraction, Si

{ Ik desC ¢y d e TOGOOMsslse jlsMmisodd f
SfdmOded j &5, G5 McOodzj ded® ) NAgdnd Witard d3j d
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RMrtHd d3 Msmistsw dzd § d3
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{ dMkzdes€ | BOWGS
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[35] Tdkedad Mutuzaki [33] M OL d" di3d mMd dzo sdzOd3zd H
w oL .

14d SBlstste” §j tOMujlsde | GdBE&EZPE" Midks O
MeOo dzd o O Isw M + CMY J eds] EetpOtlz! 8z BHe, HHC
stsle jlsMlse j dzdets, ofjj o &OMMser & sy
SBEGBL ZOYj d& O HJOCLOBEOR.  OmMdEsls,]
mdMmisjd d MsmMjHdd: WYOLse' S ©B&OMj?2 &
sB dzOMisWa dzj'dBj Uus E?2 § BOOL Odzts, Btsdz h d dzf
St jHjddd & Isj&fjtobkts Isjteddyj MSs2 €

1000 L L -
Isopleth, 1.3wt% Fe

900 - -
Liquid(L)

800 -

Temperature, °C

fcc+Si+p

400 T T |
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Mass fraction, Si
t dmzd@asc] r yd mdzj dzdzOvw dL s dzj ISFeAfsth) st tc @ aalz di
1 C fiog]telzls O dz' dz' d3d Nishimudzadi83dzsd [ oz~ W OL d&z2OW 5B
syd dz¢@ dBBOdzO.
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t dkzd@dq | 1ydmdzj dzdzOw L 5§ dzj l§eas f)fgtc O a1 diz) dz
1 € midzjtelzls © dz' dz" dzdishinmDrdz83. d3d

1400 : ' -l '
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% Si
1100 4 x3 -
o AB i L+Si+FeSi,-H->
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it dmedzs €] 1y@BPdzj dedzOVW dL s dzj Beditssh Is tc Goddy]
LCMY § tod d3d dzls O dz! TdkedgfMutuzalda). d3d
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dL s dzj Iskizis ) l6)tc OB dzj dz

1 €My j tod d3j dzls © dz¢ dishdsdira [36]0 ddgkeddd Mutuzaki [33]

tcOL dzr dizgd Mddzo sdzOdsd HdzWw tOL dgr = f Jjteo d ydz
0 1 1 | |
Heat of mixing at 27°C
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Il tdstsH d 203 ud ME scts s iffiy ] Kby toféfimilcntits Chedst |
56] 1klkjd& L OBROYJReQdzdY d HYCHsHEOs Sisd dz® ds@ dz'
COdstod dBj Is o

rdHSdy "MshdOdg]) 6 dde” § 1 Pr Okt digl o @
HOdzdzr d3d tOMyYd stse, i ted.2. jl Hny dzdz" Cdiylf J dc d P ¢
HOdzdz" | Mdzso O mttotsh s oatsmiftetsdL o SHW Isfyw .
vOBdH2jOdHSd) SoBfBLJYdd (oj Mo’ j 1§t

vl B J o] asMisOo 1Cer[]2u('3]JthcUJgIthJ
(°C)
Wre Ws; Wre Ws; Wre Ws;
590 2,0 9 1,02 10,10 0,97 10,70
580 0,83 11,75 0,80 12,11
576,5 0,78 12,22 0,75 12,59
600 2,5 15 1,07 13,52 1,26 14,34
590 0,91 12,80 1,01 13,71
576,5 0,78 12,20 0,75 12,80

{BMNOW IsjdzH j daydy dethy f dzef iskiggblygisgzdzel 1 6P
CodRBdzOIs dzts?2 Isj d3tf j e Olskztcj , o tsfipdddidad@ZSejts A ¢ ls
tcOMmyJ Isr ftotseo j HJ dz HdzZw tcOQo datse j Mdze" =
1 CMf Jteddzj dzls Odzt dz" = M dzOetse dzj L o j Misdz .

] AN OLO o9 BBAIZzOMIsd BtsSGOIlsts?

s sLdyfO@L 1 A9 dJdzo OtedOdzlsdz” = t6j OF yc
oL ftedo jH]jdl3 offtclOO mlatfd Qf Is fipfvd3j fiels @ dz'nde"
OdzdzPliiigs [3§ . 1 OBdzE HOj IsfmWw tOL & d3dzetsBed 8jts ¢ oz
o 1 X©OLj, Bdzd L C AR t€d s jd@finjistefOIszte ©r dzd
Isj &3 jteOlskzte tj OCydd {.tcjmOded@imlpz 4pz®flikd Is OF
Hte[50] 1 &zdL C izl 6§ Ismhilips 2 3" OO B 5 dzj j

L d&zOyj B[S POk Btsdjj of MsSdj L dOuj ddw
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dZdL Sdd3d dL oMmj ~L O odzdnfifdsReo dis@E$dschLin B ¢ @5 i
mMd MisAl-Egjr &zv ftsHed d &z¢ Bt H ©dzdg &zls @ dzis tc j E
dzj to j Odzd Mmlis d ydats j Is | tc dzO tc dzts oL OddtsH j 2 Ml
s dmHAdegeg ydlsOjIlsmw, Yyl dzyhdds o' Bstesd
fteddwisdjy MmMkh Mmook h jets fdMOddwy HE Is
BHEIS HsMppzgd] Hglsgzgr dzr | S Jjtcd dzj dzls Od
stets2dz’ J Mmtsj Hddzj dad W
AOLtSOTr jJ tOQodstse j Mdw, Al tfutd dn e diz8z5C 0 o
MtcOo dzd o O kv ) XieS[HF | tc daBj dasoOgiaoRS OF ( B
- Stetshyaiz@) j dzd § 3. o Is]j Wddjded d L d3jHtdey. dzd[d 3fiPe W ©
stsdz ¢85 L OHOo Odzd HJOH @LASEHy. ®H datsHe@staddzts i
tcOL BtetsOdz { tXie,fitptdn@seB dpjdatizfst HfgzVFe, s B | tq P @ tzd
sBl wWidgW j spwy dMftsdz LsoOdzadj &3 MisOdzH Otgls ts ¢
tcOdzd J .
2 4B oy

3: 0 +1, +Al;Fe,
4: 1, +Al;Fe, +Al,Fe

Symbols
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0.20 raY raY fA) N 7~ A} ?liq HElH 0.20 N N £ ZAY : ~ N ~ N
0 0.05 0.10 0.15 0.20 0.25 0.30 0 0.05 0.10 0.15 020 0.25 0.30
Mass fraction, Si Wg;
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600

400

Temperature, K

Mass fraction, Fe

Mass fraction, Si
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VAN

0.2 0.4

Mole fraction, Si

{ dMzdzBAT RL BIsj e ud MEd2 €WaAaOdifndzd H@dz yJ G
IsjtedssH d 2OBd Ud MEsets sfdmMOoddw! Y Mgy WL 2
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t 4 O0Syd
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L+6 THK+ «a |0,052 0,64 0,035 0,43
L+a THK+p 0,04 1,00 0,022 0,74
L THOHK+p+Si|0,01 1,65 0,004 1,68
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600
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550
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