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Effects of Additional Elements on Microstructures
and Mechanical Properties in Unidirectionally
Solidified Al-Fe Alloys

Yeowon Kim
Department of Marine Engineering, Graduate Schooi

Korea Maritime University

ABSTRACT

With the rapic development in the aeronautic and the space industries, the
demand has been exceedingiv increased for the new materiais with high speciiic
strength, high resistance 1o heat and environment, and stability of dimension, et..

Especially, the composites produced by unidirectional solidification are known
for its simple fabrication at the 19wer cost and for its higher wettability between
matrix and fibers, compared with the other composites such as £ R.M. and F.R.P.

in this research, the partitioning of additional elements such as Ni, B, Cu, Mg, to

Al-Fe allov, effects of these elements and solidification rate (R) on the morphology

and formatien of fibers, and fracture behaviors in the unidirectionally soiidified

At-Fe alloy, have been examined by means o1 SEM, EPMA, EDS tensile test and

Vikers microhardness test.

Thus the following results are established :

(1) As the solubility of additional elements to Al matrix becomes lower, the
partitioning to the fibers becomes higher and the partitioning to Al matrix
becomes lower. Therefore, the lower becomes the solubility of additional
elements to Al matrix, the more it promotes the formation of fibers.

(2) The formation and the inorphology of fibers depend upon the additional
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elements and solidification rate (R). Depending upon the.addit‘ion of Ni and B, the
range of solidification rate is divided into

1) the region in which fibers are not formed at all,

2) the region in which ribbon-like fibers are formed,

3) the region which ribbon-like and rod-like fibers are formed mixedly, and

4) the region in which only rod-like fibers are formed.

(3) Maximum tensile strength and 0.2% proof stress of unidirectionally solidified
composites are corresponding both to the solidification rate and to the addition
of contents of Ni and B at which rod-like fibers are formed.

(4) The rod-like fibers are not formed in Al-Fe alloy added up to 5Wt% Cu and Mg,
respectively. However, the maximum iensile strength is observed at a
solidification rate (R) at which fine ribbon-like fibers are formed.

(5) Dimples are microscopically observed in the fracture surface of unidirectionally
‘solidified Al-Fe alloy added with Ni. However, it is found that the fracture
behavior of this alloy added with B shows intergranular dimple rupture in the
sample with ribbon-like . fibers, and shows fine ~dimple rupture in the
sample with rod-like fibers, respectively.

(6) In case of the unidirectionally solidified Al-Fe alloys added with B, the

interspacing of fibers decreases and the tensile strength increases with the

increasing solidification rate (R).
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IS HBMES BRSO B A 30006 el dBen, Adbdel Sl
©oammgel o, EARRAGQL Mk Jhabol ol F-old MizEffigell slolMs ERY BES
v slel 2 olzm le AE Hame FRelth H RIS HEEY BT A
witgol wEY BEL sPAo erl shid FEel slo] gt 21 E M &
pEwie e AEERT N R RmERERS WES olstol EEEE. HRE ¥
o wes W FHEHS Mol YES B sledl, olHT HEM REE o
EEESE Yoz HEE BlE FAE = Flel7h Motz & 4 gleh o
slzre HptHy Eiol BiREStel EES wlXI BA S8 s ol E HEM
%;m,%%‘iw A Eaehne] REI Brs, =7 EAE HES sl Ave EHiFe
ch,

e s EEME TS HEREME, st Aziel A w ggel e HEH
K WEa RS 2o HEME % W +1% (Composites) 2 K= <dll, ° &
ol 4l WAMKE —HEEE Be fIRT BRI A MRS BHEARSR(L SR (FR.
M) 3 iRzl e (FRP) 3 22 ATHEHAMHE EoHE, ¥ tts‘ir* ol
ERG BN, TRl AFRENR, JEmAH) S Bt glol, FHMZE
ol wHAyel BME 2 HAEYL @ BAE Ae= B

s —HEEERMO o slel WiEs T HAMKEE FRMelv F.R.Pol| 3t
ol MfEekel, MEREVE ERE wal ohzl sholw (Fiber) ot wHEHZ
(Matrix) Aol o] k4] EHs= 2 o] 58l sl e FHZVE EATHA Hrh

|.2 ke BRIRR

18634 sorby 7} JEHEEMEES FIFAEIed FAA 4B WEY HmS \ES A
A=q) el F, oie BEPEESLS 44 448 %% (Microduplex structure) 2} HFHES
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RER A =g,

2y Bt sHER AR Za FFE ol =& Fik(lamellar) 3 &
RlEyel S Zbe #Ho2 mhEo] A 4 Qe ERo|l B w7tz o EM} %
MR AR s A ERE 7ol fotch oF 1004F F FHBESL #5
¢ HAat gEZYE EEHY MEEAEMKS insitus WEste] o2 d A
o] #¥-E in situ#f&# (in situ composite) 27 23]},

ol MR oM BHH HEEMS HOMEE HEERS Folw s}
FEStL stolw o} slER A Alolof] fEho] EFEIY, HEBME MEANE BE
< MR, R BRATKENS AL Jv 59 Bel FEIUE A 9A
HAc, '

19614 Kraft: Al CuAlz;t.?a & —FEEELRS RHEIAeHD, 1 %
Lemkey 52 Al-ALNiRe BFZRAAY® Finsl HEMLSS 92 ATEL &
aiist ol 88 ¥ 4+ AUcks BEYL Loz wiled, =3 Codt Nig &
MM e Ribwe BILE kREAS] 259 #AE4 (Super-alloy) 2o} 583,
agolL iEHitke] Zoke WABREZNE —FHmgEA o3 k244 (Eutectic
super alloy)% FAEE S} L o}, Piaenes)

Fleming & BRTHE MMH :@%ﬁ””"""“’oﬂ dAsle BEHNE G} ?ﬁl:iﬁ
Re| K& G/Ro|l 45 HAMM] £R=7 43, 24/l FmME 45 o 4
B2 27 A%t oif o € G/R7F BkEdE KL #Es1ded, =3 Al-Cu
-NiR A€l G/Rel dwks] F 7A%ole LEd FWRAEY REMLC] Jeht
o, F744x9 G/RY A% IF?HFEJr tEe REH B A(Cel)y vjezgr
of #2459 A (Inter cell) Mol eI, G/R3FEo] o} &L 7 %o A7t
A EAoE B RE A Mol Jeldoin #4sla 9o,

Hunt5= Al-CuAl,, Pb-Sn #2449 —FrugE o3 WEERE RERE
4> BENE G7l 23 BEEHEE Ro] Zolol & Hul ozl migel Hikst ¢
ojof 3, WEERBEESY AL KR =+ Zc=(Rod) e BEMSG 4%
B0 o= BES Uk,

gt odlw, HRASS —HEEEAA BEYT FAMEE B—r 8
BEfEC] HWEH Fiol 717 KMol A BREMEE 7] ol Fof gfo]w| o} ojearat
olo) Rl KEHL, BEMMA Fh s slolws} —HEoz BHEE FBko|
Aok, mEIE ol o] MM 3 WAL KEEC 8 REsnz, giolwg
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mEretaln, I E —HHEEEAIZ Al-Fe-BY) HMEM&=t e g2
Btk S FE3Ict, F4FEAM L Al-Fe 2% oI —FHagEmE = ho|wl o
ER Y SESEC] vt AETRY JUL BmESGon, HrES X Hw
Mol o},
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Fowm —HREEEAT Al-Fe-Nifr &9
BoEALET B HE

2.1 %%

il

g E Al Aol A AR B o)X EEY BFEve stolws BK
o) paigas, slolwjel wjEl o) AN HE 5 4 AUt

—HEEEC olsi A EEE B MES N EAetEE 47 fsixe gt
wlol Fygko] Srdkololol dti, MAMAES ok didl, UdbHoE stolw o BK
o MMAS BELE(G), BEEER) ¥ 44tE Hmdl o8 ZEsc, ¥4
el FREER o F& ﬁﬁﬁﬁ—% a7l Y= 3pik&, —#FR
(monovarient) 3£ &% A7 & g, = B 712 Off-Eutectic S
—H R A 7 = 2ol Frheheta FEeka a’lﬂ} o

AN st asol gl gk #%e mRe Y AUEERS B
B HES FLoE o FoiA olrh ’

o)L HEHERS Hoctd, Hus & gEEEE Aoty RERE sET

2ok abolul vt HEKE 7] BB, SIEIEEC Bhsln 2% BE Ml
S 2~ 445 ol Atel BlERIBEEES shxw, = oluwl ApE T zholw o LA
AL Niojv] vfx2l 2ol sholu}e] HiraA E379% (1100 4// 010 mmd & & F 3
tt,

% Thornton® ™" S —HEEERES®92) 7] Al-Ni #£E&E &M KEEN
o] B MHEMS B #% Cu Nb, Ti ¥ Crs AfTEE Amstd, &Rl
o] iREhE S fﬁk*l?lf— MR o ®Esk et

22y}, Al-Fe #&449 —FmgEd 33 HREE =&, Fex Sist A4 T
R MAlY Fo T Fibsle]  glond, EEKMG detd e FHH
FeAl,, #%5E# FeAl, =& FeAl,d ez Sidcs #HiE7 9lew, —FM
HE dol (LEEEE, mEEAEA A shAs gl Rkl BESE F
Freb A ket Aok #Eetn ok & [010]are//[100] a1 B

X—r‘
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w3 PfEES] BEEEAM S X7t v 2 EkERe] BEsln BEEE L o
< AAW 2kl Al-FeAls BlAl#GZo 2 Fctn U4z Qg

a&dl, Al-Fe #&44&9 —HmgE 3 da %o WE HR e
FeAl,o] B A © BEEEE RV%ol Hfiste, Z =ikl stolwisl Amste #MA
EEHET S, oW BEEED o WAk Bk 5lEREES Jelddan
;wEDs L U,

= Al-Feel Ni % Mng #nst HEE H&=ol dedl, Ni Hme 745 ghel
Mol FEAM-E [100]a//[001] reniare'®ol . FholBi o] FRE-2  (001) a1// (100) peniasg
olmi, Ni &mel 7ol GEEEZL F4F5 slol=]of MMM 2 f8fKE] EAH
of MAME HUMEES MAGctY WME= ] Ut ®

2z, FEe BT Al-Ni, Mn®979 —FHmgEE #Hek e Mgt #
wWay WEY HAERRE #FED Aol difold, Al-FeRol Ni¥ #md A+
stelw o] kel vl & BEEEBEESH AT 4% W BEEAE (Fracture mode)
of thak fRAA HWEE A9 Zot £ F 3ot

wpeb], AR HRAME ol g BBl Al-(1.5~2.0%)Fef®ol 0.5~1.5%Ni
< mmd kol deted —FmEEEE Wl dlE T stolw oo SECES, 5}01‘3121
Tkt BMREY MOl ol X = EEEES Ni el 9% o mEgHEe £AVET
B % 38 (SEM : Scanning electron microscope), EDS(Eiectron dispersion
spectrum), EPMA(Electron probe micro-analysis), 5|3ERE#K = HERRKS
RS R 2 FESIAL,

2.2 #¥ A BBEAE
2.2.) —HARERH B

—H kR A HEEE FMEE HE 99.9%¢ Alx B#EE < BMENIS #H3)
Ak,

ol &% BT Arvts BERE #FY BERHEAAA BiE odFedEsh
2 AlE 1000CE BRiAl7l kol FrEe] HRHEKQ Fed: SlMARIA 711, o4
BHENIS FrEd &9 fid 22 HEEe = A A,

BB RIS Biibstr] st Farsl mipAzlond, olwl 43 B{LE Biksly)
et H S £EY Arsla® HAAZAC,
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Fig.l. Liquidus surface of Al-Fe-Ni ternary phase diagram
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2.2.2 —HAHERERE

Fig2+= HfEsled AREol ##MH3 Bridgemann*%le] —HrpEELEER I,
o] MBS E LT MR, AW, BHHEI JroAd muds BEFIAS KA
& 4 3= B (Tube furnace)oll X#Hd RHE7 THE £ gt @os HMis
of Ui, FREL Tikolv WHAF| #&F=lo] 9t}

WHEE WHKE —ET HEE st B BEDEE 80C/cmE Mg}
=5 KAEBEZ o3t FRE Time AHAE @0 gk

BB BETEE 2-HE sldrlo] S EEsld RKE Ao BEME R T
B 4 A A=l Uk o —FHEEELEOOE MAe) BES 10000y o,
HEREANM S BESE GE 80C/cm7 S=2 HHEBEEAGSA o FHmw
o B —HAREKES] W XA Tkl BASL, ArstAE 117/
min®| EEE FASHA 1000CE 18305 Sk Fordl BRA7 ol MmE
H 7 BREh= o] HKE 1.20~85mm/min® FEZ 200mm BE TR —FRA

BEZE ETA=S s A outted
o-ting
Riggtess s
—__specimen
?h-pt-Rh
ermo couple
N
=1 waker
o-ring
ﬁﬁzhm -~ air gas inlet
== wakr
0-fing
speed regulator

Fig.2 Experimental apparatus for
" unidirectional solidification
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Photo.i Apparatus for unidirectional solidificatior.

2.2.3 WIAEES BE ¥ BRHOMERR

WO EL S BREE S IR AT Faketel dgniiel 4 el 5 mmE YIS
olobsh %, EEEEHCL A 2w 300 a2l 718 ERMETEREEE Jeol
QUK Vel olabed gERaloiv), oiskEaBeR - 4 aAwieic Figldah # A4 o
to B fnTre # BlsEAE# (Simazu-25Ton ol 4 Cross head-speed 0.5mm/min .=
o d|REIREE, @i b2 BIEE T, MU At Taiyo-Terazawa type) £ HHSH
ol BE 200g, EEF WA 15%bel fEfEoE PUEREMEE RAbEsich 231 oiE
el w sjolwlol W HadwEe SEYS A $lsted EDS(Cambridge 100
type) & st ot
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Fig.3 Dimension of tensile test piece

2.3 BBREE U ==

2.3.1 molHo| £ a&THK H&

Al-Fe-Ni 3T% FHK1EE< Bradley*, Phillips, Raynor 3 Willey Sl 2
A B FERol= ek v 3HA Hof 9o
SollA vetd Figle Willeyol o3 #£% 3[E3 A, 649Co|A L+

FeAl, 2 Al+FeNiAL® 37t BERMS, 638ColNE 375 #& RMS 77

e o} e

A FREAAM 3T HEME WEY Al-2.0%Fe-1.5%Ni 2442 —H IR A
2 ¥, BAMBR EmE e sholwe] {vEry MK FES 7] o sted EDS
Site EHistAeh. Photo.2+ ¥EE#E R=2.50mm/min® o] 2 cik sbo]sje] o
g EDS S #Relv], Photo.3e 2| 24kslo|nle] thil EDS254r KR o
RIS AR slelw: 2ojkolu B AL 2R o {LEH Mk
FeNiAlell ifl3le, o7& iy %o HEERY B —xogc),

e, A48 Asied, solue] kel kel ALl Pikal Ao M
kol stojuiolo} Feo] 47t 231 Niol St = 204070

Ube #RE fFashd, sheadaq Al Hd Bkt 2o 447% Fe
A7t BEETY Z A€T#% Niol vsle] goluole HEEs ARe o = g
o,

o
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Photo.2 EDS analysis of rod fiber in unidirectionally solidifies!
Al-2.0%Fe-i 59 N1 composite(R = 2 50mm aun;
Analysis point is arrow mark in the upper phot

Analysis results: Fe; 17.599(at. %). Ni; 8.309(at. %:
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Photo.3 EDS analysis of ribbon fiber in unidirectionally solidified
Al-2.0%Fe-1.5%Ni composite(R=2.50mm/min).
Analysis point is arrow mark in the upper photo.

Analysis results: Fe; 14.082(at. %), Ni; 11.510 (at. %)
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2.3.2 Alols{2) Fuikol olxls BEREY Ni Amel I

Prietod HFEEE ALY AT 59 Fe-1.5%NI F e HEEr o o
s
SXHTORREA R 1 ApEhas
B Den ws B Ra Bee wove gamEiol §ign
Phuowe s — FHEE A7 Al-2.0%Fe-1.5%NI24 20 BEEE w-i
Fobs vieed EEREFRMBMEHBC o, G0 as BEEE b =2 50mn me
EIE R e ©ourolu e A dbmlslel 9low o EERMES YR ®HN

2 TATEN O ER e 91 YEE @EREe KES T 9 (b B=4.05mm mure
el mEkel sholn{b Mggey # wrgslod gtk (0 R=7.69mm/mir
ol Zaidl. HLF (bell wlshe] fMidh 2 odko]l & dbebslol gl () R=22.5
mm/mine]  F-Fldl AZAME (09 s} UHMX‘.E M ==K el v}
ol A&s é T Ut
Figd+= Al-Fefr@oll ool —HmaEE = f@is & gtolve Fitkoll o) = &
BEEE = Nifsme 223k Jebd 7122 @)% Al-1.5%Fe& 4 7 $oly, b
Al-2. 0%Fefr &9l 74-Foleh, of7]4, A 2E NiRmge ge4% 2
kel dholwi Z AEshed Hed EEEES # 2 Xow HEAs, @bE K
gatod 2w Fe mmEe]l @2 797 2 Aol Hdted Zogko] gloln]d Ak
shedl Mol REEEE wel R o
£ o—HEEE AT AR ol BRI BEIHES LAl s 2ok dlo)
W5 ARcchedls 2 MRRe] (LB Mol whel old —Ed gEEREe &E
+ % F Uk =g @9 AlIF1.5%Ni 443 o] Aldle) Feo B K Eix
BREES] 7+ Ni iimiEel " grch How A8 sholwr} sz gt Wz
FAESHA =P, (bl Aok o]l Fed| & &Eol BMABBMBE LIE A$ot Nig
wmstA gots sholwzt A BEY 4 ok

i
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1.25mm/min

(@R

2.42mm/min

R=

(b)

Photo.4 Scanning electron micrographs of unidirectionally solidified

1.5%Ni composites

Al-1.5%Fe
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(@) R=2.50mm /min

(b) R=4.05mm /min

Photo.5 Scanning electron micrographs of unidirectionally solidified
Al-2.0%Fe-1.5%Ni composites.
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(c) R=7.69mm /min

(d) R==22. 5mm /min

Photo.5 Continued
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1.5%Fe
]
|
60 1 A
i A
sof- i .
—_ i Ribbon
£ !
E “F  None E
K Fiber |
o oh- !
"
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E
104 e
0
80
20%Fe
20}
A A %
wr-
Ribbon
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i~
S
E 4
o 3} ' // )+
»F L= ///x Rod /
) Z/ /,< /
R‘ 2 Ribbon + Rog
a Ribbon A I |
0 05 10 Ni % — 15

Fig.4. Region for various fibers formation to solidification rate(R) and added elements.
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2.3.3 MRy MEO olxls BEERE ¥ NiAme 2
Flg:\:’i Al—‘lO ()Fe 0.5 lm’% A~ 17, Al- -2.0 /(,Fe 1. “0 N+

% Fe ) S%Nif?é?aAﬂv% R=1.25~75mm min &S] EERAr A e

ML 47 AR 0l BISRSEM Y 0.29% WA wrenl oo svlele Now

kel Folxisal gigERgEE uwl ogifol RS Mgk A cr 0 dfte @ A
T r. " 7 i8S IR . ! AT A . LR e

MR = 125~ 3mm/mins &l < Reb e

Sl e Ko T mmmin® e

Fooamen i
Fu Al s A 1.58Y e

CETTEE AT 1 e

( v Cede e O Ll 7. N =
0. 00 TR vhebl E ol

Yoo g0ty il 25~ 8 urmn

HEEAe]

Sk nnecr Re 7 00 gimeman Y #

BUERESE el § el

SSIREEITE LT ST SR s et LT

of abol @Rk

of b E R el ur

© <o
=) Uk

Syl el

R 2 . ~
A s
T vLoe bl E i ELesl i) WO A 3gap e P
A A Lo RN rel A Si9kY -

w, Fe fme @-2 &w% 25 Ni HSnEe

GO GRS Sl el TUbH S oF A7F T

dive s o - HiERE ] sl EEE MMey MES b marsd v 9
s 4= sholwlo] Fagkel B rgkolojo sti, 1 MMMl owl, gMEEC] Ao &
©h Photodn % Figa5,6014 & 4+ oly wpel o] ol fHel ol —-gd
HEEEREN NS Ao 2y HI 2oko R gHE sfolw{vp whdsie] gl7]
o ol BlEESRRE = @tSyel b A b 9lSd ok 4 oleh meld, BEEE
7} oL olahel #ifEel b sholu b mEgkoe 2 e PRk LT ¥ ofdel
aol 2wz ol o sholwlo] MEEE A SIREE W el KTt
% 2 ook w Al-1.5%Fe-1.5%Ni 44 (A-6)9 7%, #E#EE R=20mm/
min bhbel 51w, Photod(del A o 4 gl vheh o]l Z kel gholy grb opy
o e Rgke srelw 5 RIS 0] 97 Wl Foll, EERES] Aol wel FIRBE 3
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w710 AXS BAHAY, A —FY ol ®E2 ckn A2l Photos I
Fig5olld & 4 gl& wlel o] Al-2.0%Fe-1.5Ni(A-3)e] 7<%, #WaHKe 3%
BET BERE Rol 7ol wel BALS & 4 9, Rol ofx gEol Fgsin
stolw o] Fikel Moz e Zrofhoz WP Erkotyet seolwo REFAE

30

~
e

UTS ( Kg/mm2)

0,2% Proof Stress (Kg/mm?)

0 10 20 ) 0 ) ) ) 80 90
R(mm/min)

Fig.5. Tensile and yield strength of Al-Fe-Ni alloys related to solidification rate(R)
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Fig.6. Tensile and yield strength of Al-Fe-Ni alloys related to solidification rate(R)
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bz m, 90°d=l FbA ztckan b= #HO FiRA 2 —#Ez Aok =g K
WFoll A Fe fimiel H—& &% 7%, Ni imEel 71845 BEAXSIREBES
Vel & BEEE R 32 e Zoz gmydcts AL e oA &
K= Fleming®'"95 2] A Rt & —BIdz & F U,
Fig.7¢ 7t &40 GEEEN =2 Mg H3ls Jebd Zolo

A A-1
aA-2
®A-3

> 1 1 1 5 1 i 1 i
o
A A-4
. A-S
OA-6
601 Q
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(]
sof
i 3 _] 1 L 1 ] I
0 10 20 30 40 S0 60 70 80 90
R{ mm/min)

Fig.7. Micro vickers hardness of Al-Fe-Ni alloys related to solidification rate(R)

—#K#22 R=1.25~4mm/min®] #@ENA R 3to] Zrstel] wiel, #M/NEE
7k FA4% F7tstthzl R=4~6mm/min®] &EolA &AMES Jehz 9ok =3t
R=6~10mm/min LIEQ] ZH-¥ole RS Ftol ZF71dol whe), #UNEE7L A4 3
HagE o & ek

7t A& WuMEES] e dubdoe RA omEel F—% 44Y ALl
Ni Finfel B55 £2 k¥43T 4 4 UL, = BE@EEe s SEEERY
o] & ol MEH
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Al-1.5%Fe-1.5%Ni alloy(R =4.87mm/min)

¢ =5.0mm A=19.635mm?

Calculated value of Young’s modulus in unidirectionally solidified

L=20.0mm

Load | Basic Load Measuring value{10~*mm) Deformation(10~*mm)
Remark
P(kg) P,(kg) Upper deviation | Lower deviation| Total D. Permanent Elastic D.
D.
50 0 0 0 0 0 16°C
60 50 62 28 31 10 31 18 13
70 50 113 54 49 19 64 35 29
80 50 148 63 61 15 87 48 39
90 50 199 87 91 29 108 58 50
100 50 247 117 103 38 144 79 65
110 50 292 133 129 45 163 88 75
120 50 333 147 153 51 185 96 89
130 50 378 161 163 57 215 104 101
140 50 429 190 189 65 240 125 115
150 50 486 207 220 69 266 138 128
160 50 574 263 280 - 113 294 150 144
170 50 720 364 399 199 321 165 156
P-P, i (P-P,)A x10-*

10 13 130

20 29 580

30 39 1170

40 50 2000

50 65 3250

60 75 4500

70 89 6230

80 101 8080

90 115 10350

100 128 12800

110 144 15840

120 156 18720

2 (P-P,)* =65000 2 (P-Py)A =83,650x10-*
_ L:Z(P-Py)? _ 20 X 65000

E.

“AS(PP) A 19635x83650x 10~ - /00(ke/mm?)
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btk el HEEMRE s HEMASRE E=11,800kg/mm?elch, o] FtE{E< NiAl;, Fiber
o HETRMELRSEL Ewa,=14,000kg/mm? ol tdled %4> 2e Zldl, 2 Efx
Photo.d(blell 4 &} 4 9t wulsp 7bol slolwli= (EgEy #5—38F R Tjkolxlul 4o
gEEs v wioleb HfftE v

wooelg gt fgidkel Aol heied EHAFRO srelwiel FIEARE o 5 HH

woioshve oo BIWRIBEET om =4.8ke/mm® Wt @l Bl 28 et

FR— e S N - N i o L S ] st =)y SRR A
of BIREERFE e BISEE oo ¥ 25 dkg/mm?ol 2F o s & el ALA sk o =T

. 0o ey O Y - = - . Vi e 1.5 Lo
kg/mmDe S 4 gnh EEE o R Oiay F300kg/mn R of A2 3le

W
G o WEem miihal wlolzlel A HEM O FAEol 7iciEii zolwiy Ehvalin
Lol o Wby §iY wberztel Al HEES BiEol i EE Helmii FEAT

Photy 60 —HIEER AT AL S%Fe-1 5% NIAS A-6) 2 BlEREA S e

2171 faxb) ¥ (o= £ BEEE Reol 2.42, 4.87 % 30.5mm/ming! 7 -ol
vf, bERel Azl phlFmE-S EmEol4 B slely, FTEHY A2 wElrE-S W
o4l BEEE slelth, BEE-S EfolA BB A% hiel sty = fiEol Y
BEd AE o, BEEET L& A4S F (), 09 Fo] 5lREE E H¥e
WA EetEEel NS BAES Jebda, ?ﬁa@ii;ﬁ;f}‘{ﬂ 5o AS Z 5B
S (o9 A-Se Rl Vb BES XodFa o

Photo.7& —Ha#EE Al 7] Al-1.5%Fe-1.5%Ni é‘ﬁ?(A—G)«‘ 55k HETmS EXE
MWEFEMECE BEY Add, (@), 0 ¥ (ot =7 EE#EE Rol 2.42, 4.87,
30.5mm/min¢l 72 R & photo.62] (a),(b) F (c)oll HEZE o7 AH (a) I (b
 BEEEE B oo BRASIEEE HENE MY Tofkalelw st A= 7

=<l ﬁ&@?@ﬂl HEiey e = (dimple) o] BZEch ubd (09 A$: BHE
EE 2Ryl 2Bk stelwt ERE = 7ol HEed, o RS, HEm
of wlm# A o EH M Y Fol BESY e S,

LB} wElrm ﬁ?%"’%a R sk photo.49} H#sted 2=, photo.79] (a), (b)oll A
BEY M 932 photodsl (), (©ol4 BMEL AN Zekstolw et 27]7}
71¢] wlszsieh, = photo.7(c)¢} photo.d(d)E s £, photo.7(c)oll M REH H
Bhy A UEH MM Y Feol BTESE A2 photod(dol A BRZES MM =
ckalol vl of B Buksloln o BAEMEC] HEY Aoz £ & o
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Upper

Lower

(@) R=2.42mm/min

Photo.6 Macroscopic fracture surface of »pmidirect\ion,kally solidified Al-1.5%Fe-1.5% Ni composites(A-6)
after tensile test. : < )
Upper ; Front view of fracture surface Lower ; Side view of fracture surface
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(b) R=4.87mm/min

Photo.6 Continued
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Upper

Lower

(c) R=30, 5mm/min

Photo.6 Continued
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(b) R=4.87mm/min

Photo.7 Micro-fractographs of unidirectionally solidified
Al-1.5%Fe-1.5%Ni composites(A-6) after tensile test.
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(c) R=30.5 mm /min

Photo.7 Continued
ol el —FHEEE HAME e BIREES 5ostd, M BRERERAA = o
°of B#E=w, 1 Hh: jijmst vielpol stolw7}h vix] BEETS 2, wEY AL g}

7t Bl 7] (§5Ro] A4 S choh sholw o) BHTH FEbo] e s W= 7]
wEoleba #Irs o},
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BIT —FHRAREEAIZ Al-Fe-B&4€<)
ORI T AR

3.1 ##

1]

—ieEy o2 ATHEMES —He FRM. 3 ERPolL: ojv] 2.4 (B)glo]us}t 4
g RS Yok 2Ed, BREAMES —Hd —HagEA BE HE A
Zol & 47} girh

agd, Al-B 27t% 449 A%, 565Col4, L=AI+AIB,o #EFEDS 3
o AlB.9| &BM{tass BRslZ 4% Aoz otead gl

F HRAA T LES BElA Al-Fe® £4°] 0.1~1.0%B% #mst A%, —
FEREE AR sholl o) FuKE #MEY MEC oA BEEE, B mme o
3 n) RS SEM, 51ERBC 2 FESIG )

Table 3. Chemical composition of alloys(Wt%) nominal
Alloy ' Element
B—1 Al — 2.5%Fe — 0.1%B
B—2 Al — 2.5%Fs — 0.5%B
B—3 Al — 2.5%Fe — 1.0%B

3.2 #¥t A BBHE

—HEgEEAE AEBE FEREE ME.0% Alz EM# o Ferroboron
(75%B) & Ar FERS EXE ANolA HiiEdFel v (Alumina) =7 S )
o, 1000Cell4 Al A &84z & BERS] EWEI Ferroborne HMs A
o RS BFIESHY] $iste] $RiBS Aukel MipslAch = ol A5 ¥, B
Bit= BHikstr] Sisted B{EB LIS &Kol 92 tl® 289 Ar 72 E FAA
At 223, 400CHER BEAIZ ¢8X240mmo] g Lo} ol EAS
of —HAEER $BE #Edgen, 1 {LBH MK Table3ol HFRE uis}
Zct,



H 1

Fjim kAl Al Feds ool A SR BEmA) ME oidE Bk oA 143

A Rl E —FEEESE 2.2.20049 B3 HEZ FR —HmEEA

A ma MR B U BN WERES LY 2.2.3 MiEEmke) B
M EE Sl A oh Wt B Y e s EEselch

3.2 BEREHER X BE

el

e

08
00k

{23
{2
E
°
x
H
Vo
>+
2
g
Rl
rir
o
i}
e
e
Pl ]
joa)

o )
o o )
- S ‘
¢ < Wt N
TS R A I o ;
[ oy y e : - =
oo oG 0 i

IRESINY z B b 1) 3 2 B ¢ ‘E-
Fip s 05%Fe frgel Mend SHmEEE LRI - Dol o B

S/ &Y.
£ A
B’

3

i

mERE o EREGEREe ol




144 BEEFEAE KRR wXE B9

(b) R=8.5 mm/min

Photo.8 Scanning electron micrographs of unidirectionally solidified
Al-2.5%Fe-1.0%B composites.



} R=45mm min

Photo.8 Continued
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80

A A 25% Fe A

nr Ribbon

R (cm /min)

A a
1 2 |
15
0 0s 10 B% —»

Fig.8 Region for various fibers formation to solidification rate(R} and added element.

3.3.2 MEHMEO olXs REEE ¥ B iFme gg

Fig9+ Al-2.5%Fe-0.1%B&% (B-1), Al-2.5%Fe-0.5%B&4 (B-2),% Al-2.5
%Fe-1.0%B&% (B-3) % R=1.5~80mm/min®] EEEEANN 7+7 —KEEE-A
7 HAMKe SI3REBES BHS Jebd Zolth 74, BEmMEe Z/igse
SIRIEE 3 BAel $4 FUEASS o 4 o = HEEEE R=1.5~10mm/
min @EAME FI3EEE 3 @Hol s e AMo| njFen glom, R=
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10~40mm/min &E el 745 2lef = Rakel Fohghel dwlel, ol & kel %4 &
HE S o 4 Aok = R=40~60mm/min &@ 7 Foll= REtel F7baell whef,
SIoRIEE = mifrel h#ksy &8 Sohs i, Re] 60mm/minkl B9 #EANA ol &
ol FmAfES! FES S o 4 olrh Elm olzd RS2 Rtd Photo8 ¥
Fig8el slojs| Fzikol e HE fFots 2 KIS o 5 3ok

A B—
E

< _ J—
= . ul A~ B
E st _ /,/ "K P l/ F\a_‘\_—/s‘
x o - /’__B—/ :
— ) 3 e &
w » . t/w’//‘a{ﬂ—. _../’”"’/E: ;

R AETT A x
— -i.?gé A ?
. ot ﬁ
i
15
i
A ] 5 i i 3 1 )
L B—-
& B-7
5 & B-3
20

&
\
%

02% Proof Stress(Kg/mm)

A L 1 1 L i L "

0 10 20 30 40 50 50 70 80 90
R (mm/min)
Fig.9. Tensile and yield strength of Al-Fe-B alloys related to solidification rate (R)
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3.3.3 mlojt{eo| AR 5|3mIBAAS] A

Fleming 59 MBi:BHRA o310 BregEe Go} #iE#E R K G/R
o4 Re] 4% HHAHY stolesl fstA sl& Mmel Yo, =g oMK
o BEEE Jtol HEEol BE, e g, Iolwo Fik o MR
FEe e Aoz UdHA gl
A< Photo8% Fig9olA o 4 9+ ulel o] Al-2.5%Fe-(0.1~1.0%)B&
&9 35 BEEE R=1.5~10mm/min @EHNAE M A 22k stolwst F
Koz PEFI=o] 1o FIRBE o @hel 7h3 9 ko] w{Ex glon, R=
10~40mm/min®| 7 -f-oll& %7 T 2 2R stoluls} A4 Fikoz HFs
of 3lof 5IRSEE W Wh= £4 Fd=Uc}t, 221 R=40~60mm/min #E A
v 2R gtelw s} AgE ] Alzstez 5IEIEEE W W]l F43 Zdislo 9l
=5 ¥ F A

Aoz, HWAMKS BIRBESH Iolwe] AHMIME Alolol:  Hall-Petch
RAVDo| gy Rhel, F,

G S0y F AT ceeeeeesiintieeeeiiin e st te e et e et e e eesrtaeeeeeetraeeseesarreeseans (3)

3714 o 3|5k 3 BREERE

o, . BB FES
K %8
A sholw{fie] AHMIMR

=3, Tiller®9%5o] ofsiw, stolw] zlo] EMMR= BE®RE M JAES 5
BES A XIFEE T BERMBEE Too £ =, 8%E ATES AL3d9 o
S Fe] ®RIAAY, &

Fa N A S 5 B o L T (4)

3714, K, K;: ¥#

of RolA BEEE Rol —EZ A%, AT/ H4Q #H#S dAT/dA =00z,
ol A’R =Const7} FIL3tc}.

A Rl A=, Photo.92HEj2] 7zt Rgtell thsled 18 F3lz, olo] KM
BA 5I5EIEEES] MMl W# st Table 40 HRG ule} 2o},

LlEel #RE &434H, BEFEE Ro| w245 19 o] olxlzn, FRBE
o HEfEe FHES & + Ak oloRe] FE—EEE 1A olwje AY, sio
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'¢c) R=60mm ‘min

Photo.9 Interfiber spacing of Al-2 5%Fe-1.0%B alloy (B-3) related to solidification Rate (R)
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¥ o FHMRC] A4 5 kEC]l 45 WAitre] SI3REE o Wol %%
ot #we 4& + A
Table 4.  Solidification rate (R) vs interfiber spacing and tensile

strength for B-3 alloy

R (mm/min) A (mm) AR U.T.S(Kg/mm?)
0 9.2x10~* 3.4x10°* 24.6
50 84x10™* 35x10-% 27.0
60 7.5% 104 3.4%10° 29.2

3.3.4 4£mE umo|Ho| BEHA

HEEEEE R=60mm/mine 2 —HHE4EREA 7 Al-2.5%Fe-1.0%B& &l A 4@E™
ZEiR Tolue] MRMEMEE W SIRBES ATHEAMEA oi¥ EBAEA
& loesuenn RSl FHEste] B.gke,

A71A o] &g REE,

g, =29kg/mm?

E.=7,900kg/mm?

Vi=(1—Vn)=0.083

En=7,500kg/mm?

om =4.8kg/mm?

5 A€ A (D) 20 RAZ FHHT BE,

E;=12,300kg/mm?

o; =280kg/mm?
= 29
| & NiAlslol| o #IRMEIRB Exiay, =14,000kg/mm? 2 NiAl, =loju] ]
FIRZE Onin,, =300kg/mm*2t A w]d & yepdich

%, Al-2.5%Fe-1.0%B&%&< —HEBREAZ HEES Mol 8" AlB,
stolw of 5I3RIEE = o2k NiAlslol® o) SERRE S} MM RS 2

o

[+4

3.3.5 BRINED

Photo.102 —A#EE A7 Al-2.5%Fe-1.0%B&4 (B-3) ¢ B|EKEES £
EFEmEo s MEd Addd, ), 0 9 ()t 27 HEEE Re] 8.5, 22, 2 45
mm/mingl 7Z-%-elth, EEFEEE & o (a)F Photo.83 Fig8 % 94 & 4 &



1 5 1 f* .

5 wEE A7 Al- FeA%TfoﬂAi«fﬁmﬁﬂﬁﬂ FE MY 9 E o] leﬁi-xtn ﬁflm

uhs} 7ro] o] gk sholui 7 Eﬁt°if‘$kbi}ﬂ°?’9i
Ges ASold, BHEC 2EakTiolw o) WA et ¢ To] m& gl rke
Z Bl (Intergranular dimple rupture) 2oko 2 ##2dct, = (b)+ Photo.83} Fig.
8% QoA o 4 gl wle} ol ek sholwel el ik stolwl EAesel ol
BlgiERE o Wio] %4 Zulsle] gl Aol HEs: Ao A, o]
A gAY ERE BT o So) \Esel YR & (OF MiEY ik sheld

j=)

(b} R=22mm /min

Photo.10 Micro-fractographs of unidirectionally solidified Al-2.5%Fe-1.0%B alloy.
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(¢) R=45mm/ min
Photo.10 continued
7h %Flslo] SISRIEE 2 WAjol Wl ¥ ASol AAMeE WEIEY, oAM=

B v Sol e
ol 4o MRE T#yShH, —HIEEEAZ Al-2.5%Fe-1.0%B&4&2 BAME-L

BRBE S stoln{s} 2l Rkl A& RIRY T Bilifoln, 2okl ool mim
3 P B Ve
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WA4E Al-Fe R A€ oA —FHgEERe s}o] 9
ol vzl Cu¥ Mg BHin 9 A3

4.1 #%

il

%Zﬁsﬂ HEAANE AF3 vleh Zo] —HmuEE ] A3 Fee HWR div

£ AlI-Ni #&449 HEMASS BMMEAS HAEDAE PL22 olF4a A
ojwl, Al-Fe #& A& —HmEEEN 43 HEV®: =i, = AW H2E
o HIEY WEBRINE fEH2Q] Al BEEEsF A2 By Fed #A37t
BEEsE 2 Nigl A$ol Hsle] sholy] oo 4EE7l AA ol &S REA
7l Mol U+ ¥¢oh o971 Cue Ald disld EEE7F HEKH Lz
(547°Col A BABEBRES 5.7wt%), 547Cell4] L2Al+CuAl Y #HERMEoZ &
BR{Late £/, §Hd Mge Al oiste] EEEsl HEsy 2 (450Col
A BRBEBREZ 17.4wt%), 450Col4 L2Al+MgAl 9l #EFHEoR A4 &
BELAE RS A2 d8A i

ol Ahe] WBholAM & mnoﬂxih Al-2.0%Fe &&ol Alole HEiEES ZR/} &
Cust Mg% #HMmsld< o, soluish sjE 2o i & TR SEEHS AE
gto 2, olf X Fol¥ £l rlAE %L WR(s=d 2 BHE 7
o}, ob& BEEEA Wi FIRMES Wi FEs A

4.2 R¥ A WEHE

—HERER 2 ME I ME 99.9%< Al EME Y TEH, Mg
ingotE FET 3.2.13% 2L FEko2 SEMEsIGon, o {LBayMES Fig 10
% 11, Table 50 #Rg ulo} 7o},

E X BRAAE 2.2.29 —HARERE A F—3 H%EBS FHENIA —FHR

AR e, |
aga, —HEEEAZ odestA {LRERY A4l A EYA Y gl
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7 T
| T\T\‘\'\‘ Liquidus
6 800" —— |
; & (1
SMJ . L’\_L\.< |.C+2
? i i FeAls | . O (-3
'\T‘N\L\*—\—ﬂ\ \ 1
b e
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Al DTS —— A o E— ,'ﬂ |:____,_,.
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; N 22 (e Rt
1 S N S = 7 *ﬁi%_\* ey
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Copper (Wt %
Fig.1¢ Liquidus surface of Al-Fe-Cu ternary phase diagram
9 A,
Ny 1
8 0O D-2
® D—-3
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Magnesium (Wt %)
Fig.11 Liquidus surface of Al-Fe-Mg ternary phase diagram
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Table.5. Chemical composition of alloys(Wt%) nominal
All Element
% " Fe Mg Cu Al
C-1 2.0% 2.0% Bal.
c-2 | 20% 30% | Bal
C-3 2.0% 50% | Bal
D-1 | 20% | 20% Bal.
D-2 20% | 4.0% Bal.
D-3 | 20% | 50% Bal,

of & 74 A&TEd FELH)S FES] Hsted EDS (Cambridge 100 type) =
EPMA(AKASHI, DS-130, WDX-135 type.) srtr& BHESHA o,

=3 F AR AR 3 SIRRBS ML 2.2.39 MG BE
W EME HHE Aol -3 & W Hroz B

4.3 BRRER ¥ &

4.3.1 molHel K3l Cuol HEES

Photo.11& #EE#E R=39.5mm/mino.2 —HHEREA7 Al-2.0%Fe-5.0%Cu
Bgel YoM HEx WA EDS 4473 #Rol2, = photo. 12 R —ff-o]
el 2lol ] glo|w| & EDS 4#7dk #kgo) o},

A714 WHEZHzo & holujo] Hste] Cusl ME} £3, Fed MEL: Fon
Kol stolvfell= sfE= 2ol Hislo] Feol M~} 1 Cuol WEL Jo

o]de BREZNFH sfER A Alel 43 EEE7F 3L Fel iA%myoz weg
soll ¥ HEE 2w, stolwel] & SHEEE 2o, Kol Aloe EmEsl Y
fyo2 Z Cuxe HE= 2ol 3 HEL7F 23 sholulole] HEiE =c)

5/, AlFe fgol Ferot BB l 2 TS Hmshd, —HrEEA o]y
ol 3 Feol SBile 27 Fo24 sholvle RS 1REA7]E KB Ute A
< % F7F s

photo.132 —FMEEE A7 Al-2.0%Fe-2.0%Cu 249l %elA  EPMA line
analysis®] ##Rolth, o474 (a): BEEE R=4.78mm/min°] 2 (b)x R=12.7
mm/mingl 7-$-o] ¢},

T A% 25 HEH2olMx Fedl o]z (peak)oll Hdted Cudl slo|zr} A%
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Photo.11 EDS analysis of matrix in unidirectionally solidified A}l-2.0% Fe-5.09%Cu
alloy (R=395 mm/ min). Analysis point is arrow mark in the upper photo.

Analysis results: Fe: 9,212(at.%). Cu; 5,694(at.%)
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é'_ €FEK«

Photo.12 EDS analysis of fibers in unidirectionally solidified Al-2.09 Fe-5.0%Cu
alloy (R=39.5mm/min). Analysis point is arrow mark in the upper photo.
Analysis results : Fe; 11.937 (at.%), Cu; 5.084 (at.%)
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(b) R=12. 7mm/min

Photo.13 EPMA line analysis of fiber and matrix in unidirectionally solidified
Al-2.0%Fe-2.0%Cu alloys.
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3, goluoliE Fed Fo]ars} Cud oojzel Histed AHHEoZ 2o},
2 #Re, MRS EDS S4T#R (photo.1l ¥ 12)9} & —Fstw glwh,

, R ol Alel oid BlEEEZ & Cut MHoZ EnEsL ¥& Fez sl
stolujell it FES WAAA BF ol £RE BEAIE %R U
ERS FHRY + U

o

4.3.2 1Ilo|He 4ot Mge| AEED

Photo.14¥+ #EE#EE R=855mm/mino.2 —HEEE"17 Al-2.0%Fe-2.0%Mg
a4l golA dE"ds ®5E EDS Srd #Foln, = Photol5e Rl—fE#e]
Fhtoll glolAl sholwl & EDSHME #Rolch 7|4, wlEd2de sholwfo] K
sto] Mgel ME7F 31 Fed WL Yon, Kol stojHds ezl k3l
o Feo] ME~} 1 Mgo MEE Yo,

Llbe #%2 ¥ wjea]xql Ald i3 AEE7 2 Fet MHHMoE =
Hxol gt oEE7L 2o, stolwo] 3 et 29, K@l Alde EEEZ &
Mgt sE2d 2o g SBEE 23, Folvde S Fr,

#55, Al-Fe &%l Fextol EE’L 2 MgE Fmsts —HmgEE = sho)y
of e Feol HEEE MAAA ulolwle] ms REANE KR Udtn & 4
ek,

Photo.16-2 #E:&E Ro] 7.56mm/mingl(a) ¥ 39.5mm/mingl (b)Z && — %
A7l Al-2.0%Fe-5.0%Mg &40l o+, EPMA line analysis®] #&olcl, F
7k2) 744 2% sledxoA & Feol sjolzo] Hdte Mg #ojzart MKy
¥1, stol¥ol A& Fedl slo]asl Mgl slolzol fhdle] M2 Eof o9
2L #E+ Ak EDS A44SR (photo14,15) 9 & —E ®al ofz, Rt
Ni &mel 7% (photo.2,3) = Cu %Ml 7% (Photo.11,12,13) 9} ul&g MAS 1}
bl 9k,

Z, WA Al dd BEEs E Mge HEMe: EREs 2 Fel 3

& sholulo] 2o HEE BMAAA HRMZ soluo ERE REAIE HR
boAF & BRET 471 AUk

od714, —HrEE o HEYast Al A9, BTk SESH] e &
WRAA 22 HRE FAs Bdd, A3ZHFmMTEst Al A BEEL ¢ 4
7t HHEC R BAEEsL R Ao vlste] A 2 HFmMLEs FolHdlze HEEE
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enlke

W

Photo.14 EDS analysis of matrix in unidirectionally solidified Al-2.0%Fe-2.0%Mg

alloy (R=8.55mm/min). Analysis point is arrow mark in the upper photc.
Analysis results: Fe; 4.071(at.%) Mg ; 2.334(at.%)
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e.e XR 77 19. .4

Photo.15 EDS analysis of fibers in unidirectionally solidified Al-2.0%Fe-2.0%Mg
alloy (R=8.55mm/min), Analysis point is arrow mark in the upper photo,

Analysis results: Fe; 5.809(at.%) Mg ; £.309(at.%)
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Photo.16 EPMA line analysis of fiber and matrix in unidirectionally solidified

Al-2.0%Fe-5.0%Mg allovs.



164 BREEERE KBE R B
WRAA BB stol 9 AR READGE RS 2¢ 5 Ut

4.3.3 MMk X SIRMHEO oiXls BEAFREY Cu, Mg Fmel I

photo.17& of2i7tA] BEFEE —HMEREAZ Al-2.0%Fe-2.0%Cu &4&9 *
BUETHEGE ™0t o974, (a), (b), ©)F v HEREZL 47 4.78,
12.7, 38.5 % 50.5mm/mingl 7d$-olc}, (a)dllA & sholujzt 77 A 2aE 4B
<= YEbE, (b9 A+ HEh MY 2R sholw st &Sl o = (o)
H(d) v AT 2K sholvirt BEE D &S o4 4 Ut

Figl2+  Al-2.0%Fe-2.0%Cu(C-1), Al-2.0%Fe-3.0%Cu(C-2) % Al-2.0%Fe-5.0
%Cu(C-3) A%< HEFEE R=1.5~60mm/min @ENA Z7} —FagEA 7 #
atrkrel 5IRIEEES vEbd Zlelth, o714 Cu BEe]l 8L A$d 45, dAz=
SIRSEREZL ¢ AL ¢ 4 AUtk = BEEE R=5mm/min LT @EIHNE
SlaR5RE 7 ks & 7ki‘-§°1tﬂ o] A& A3 photo.l7(a)ollAl & 4 Y+ ukst
7ol sholw s} s 7] fafEs BEEEC] M) wlFolet QA

R=5~25mm/min @A+ £ 5IRBEES Jelvin, o= Fikd photo.
17(b) oA & 4 Sl =hst 2ol fMEdh 22 K Folw s B s] W Folet &
ek zEd, BEEE R=25mm/min Pl EQl Z$ol& SIRIEE L LSS
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18.6 % 49.5mm/min<] Z-f-olc}, (a) Y (b))}, APl AT 2 Lika}olws}
BES AL, (©d At B LRk golvrt BELAS = @Y A+
Wz Hol= Contrast’} BEE, sholvi: A Bolx ¢t} Figl3e Al-2.0
‘7Fe—2 0% Mg(D-1), Al-2.0%Fe-4.0%Mg(D-2) 3 Al-2.0%Fe-5.0%Mg(D-3) 2%
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EE 4 bl Zolth, o714 Mg #miel B ALY+E BIREBES L ¢
2

= BEFEE R=5mm/minc]| 3} #EIA+ 55REEF dghs] L& k¥,
°]Z1& Photo.18 (a), (b)oll 4l & 4 Q& uieh Zo] ¥MKF 2 Ekalolw| o Fxeol
At £ 4 o, R=5~25mm/min &EANE ¥ 5IEEBES Jehle
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Photo.17 Scanning electron micrographs of unidirectiona' y solidified

Al-2.0%Fe-2.0%Cu composite.
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(d) R=50, 5mm/min
Photo.17 Continued
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Fig.12 Tensile strength of Ai-Fe-Cu alloys related to solidification rate(R).
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(b) R=4 76 mm /min

Photo.18 Scanning electron micrographs of unidirectionally solidified
Al-2.0%Fe-4.0% Mg composite.
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(d) R==49. 5mm/min

Photo. 18 Continued
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Fig.13 Tensile strength of Al-Fe-Mg alloys related to solidification rate(R).
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