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Hi#% Al-6La—Fe/Co/Ni
BB LEFERE

HEN, & M, T, BRER i F
(4eRaRR T A% MRS ETIZSNR, 1 7R 510640)

WE: AWRSERTIFINMEFe. Co. NiXJIZHRIELE R AI-6Las £ HAFZSRFIMERERY
2., REXZEME. HEBE. 8500, XEEiTE. SEERENDST. SEMEE
RN E S E, 5AN00.1 wt%HIFe. Co. NiXJAI-6Las SHNMILRRFIMEEERIRNG .
£ERIEB, H000.1 wt.%AIFe. Co. NiTEXALIEZERSAl-6LagENEREE, EFFef
CotEMAEWAT LUEEARRZRERML . Al-6La-0.1CoEEEMELENEEERE, H
fEARIRE 7985.5 MPa, iRAI-6LalES 7102.9%; BBEZEH31.3 MS/m, KAI-6LaiES4.1%.
XiE: WRREE,; Al-6Lags; MEasM; SBENFE; BRFR,; e

SHa R R RSN MBI AETPZ A BN, EMRER
BERIFSIERENE. HEFMes. SBINSHRM>180 W/ (m-K)]. BRimELER
RS BAISIE SRR, FRESETS RIS S TRSITTERe-AlF
HSEBELIRB KA BIEE (480 CTRA0.64x10° m*s™) , PRLIESEHEM
BeEL Rt ERNZEY, BRItz I, ASIESHNHEEERME (577 C) , E
DRIERAA S TIRAMEITIE TAETREAHFIAEIS00 CLL L, ZEHERFZERIEH,
EUESHINZMEREY . ChoEPI2EAT Al-2SI-SNIE S, 1ZATHD =IER Al-
Si-Ni =THR S, ZESRSXRN 183 W/ (m-K), BAENTIES Al-SI| RES
BRAIEF, [BEMERMTESSHE 200 W/ (m-K), TiEENIES SNt
Be. NILBMIRREYY, Al-Si HiEE525BsSMEEREICRIE, FFAFERR
B%, FZLIL AISI HFIER AT EMENMEREEEEEE N,

REFTTEEERe-AIFHEBERME, ST (7=500 C ) A9 BIEE L x 10
~1x 10 em?/s™, EFZAHIALLRE S —EEZIEEREE (7620 C ) BiigsE
EEFEY, XBAIREZTASEBRAISIZRASEMNBHNSIEHF M. MR
REREHMAITTIRMRE. ME, RETEAMEMRTL, WBEEPEBRMO.
S. N. HEEERBHNFEES D, Jstes, HEBYZHRIERMERLL,
NTBRES ARG, IRSSBESREEHEY, i, IBHREMAI-REZTEEH
WEIX A (=640~650 C ) KEM, HPEFSHESAISIRELEZET.

SR, BIEMN=EERBERE TAI-REARES NS HAEMASEMES
SHNA, BEWITENAI-LAEFSEHT TR, KUHLad =06 wt.%iS, &
MERFHGEEMERE, RESFRBIT180 W/ (m-K), {EEIREELZIAN60 MPa, REE
KR SRR R PABIFREN . XEBAIRIEY, BIH—S A WiEHE
=B HEMEE Y, Heh, Fe. Co. NiETEREBITEEMEEARK o -AlFEK
RNEBELURFFERNE_HEERSHHNRESE, BEF_HTJLURSEDE
MEREM BRI TE2ZA9% T, MoodispawZ g HIEAI-Ce-FelA R F, 2B
BEET IR RIS LAl CeFe BLANK Al CeFe A8, EEEEIBAFRICeTTRIKRE,
MHBESEEPEMEANAILCeBLURS A EMNNEMEE. YooE IBHERFE
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Al-1.0Re& £, %000.75 wt.% Fer] BiTH SRRt
MEBRZRNIESESHRE, BNZMM44.4%)E D
F39.5% . InoueZ"NE T BIRIAIRIE E R AR FIEHY
Al-La-M (M=Fe. Co. Ni) IFREZEBRIFNS
HIERME, AL EZR180°HAI-La-VE TR
Al-Lag & iaEMES. Emin CadrhZEM@IE A
HIRE = IAER L6 B HIAI-8.8La-1.2Ni, =R
(308 K) F#HEZEH185 W/ (m-K), 773 KEF#™
BIE#059110.51 x 10° m%/s., HawksworthZE " 5537
BridgmanZE K3 F2FAZALHIAI-11.3La-5.4NiE S, Al
Al La/ALNIFESRHBES00 CTFEaEEHINS, B
£213500 C T3 024 higAl,LaFNALNI{BIAMRIEXEE,
BAI/Al,La /AN HRERRIVIATEELLAIAL, Ce dt
RANE 30%, HEXMSEEREE500 CTED
3 024 h/S{B9A1FEF (>50 HV,, ) - (BBEBIE=47TIT
EWAI-REGENEMARELD, AL, #—ZHR
AI-RE-TMEEHE=—HITHAESHHIEW, NFHE
SEmNESNEEEsEEEER .

KAELIAI-6Las £ AEM, BT T RELEERR
ERI, HRE—ZRIIMENIFe. Co. NITTEIJAI-
bLam SHMALRLAIR MM, BEIFMILAI-La-
TMEERD, RHEEESSH. SSBHEREEN
AEEGIH— RS,

1 REMESEE

A RBMAEH99.95% ([REHDH, wt.%, T
B ) BT aiE R Al-10Lathia & & FAl-6Lai it
&%, BIURI0AI-20Fe. Al-10Co. Al-10NifRjE&%
SAl-6Lag EHITHE TN, RATRERERELAAI-
6La-X ( X=Fe/Co/Ni) &% ., *FSente SoftwareZ>EFHY
IMatProfX {1t EAl-6La-X ( X=Fe/Co/Ni ) & EIEEE
X8, Rt EAI-6La-X ( X=Fe/Co/Ni ) &£ HI&E
ZIREIYN650 C, LIRBHEIREIEANTI0 C. FE
MHlm2BtEBIBRZEENKSIFER (100 mm x
60 mm x 5 mm ) FISEIHHE,

KBNS R BIR A BAIDKT7725F8 X 18
SANEWMNEHFEGE (10 mmx 10 mmx5 mm) ,
SME. 5t (1.5 umENIAMYEE ) . FFREER
A (199 vol% H,0+1 vol% HF ) &1k S8 %8430
i . SRADMI3000-ME = BRIEMEREIE; KA
Merlin CompactB5 72 ##7 & FIAEBEHITEHAR
MER N BEIE T . SRAIX pert PowderBY XEFELAiTEHN 7>
THIRELERY , SRFCU-K 25T, SHKIRE0.05°, 5
=EBRJE)0.1 s, FHMMEBRE/5°~90°; B National
Instruments ANEEFFHIRDITRSE, BIHEENI 9212
{ERAEEFINI cDAQ-917LIRERERWEESHAS

s A /.—‘-|\ '- ‘i
IS Founorw [T =

i, fERTENABEIDITE ( Computer-aided cooling
curve thermal analysis, CA-CCTA ) 3558 E S 0HA
%, KM First FD-101 BmRSHUNERSE, £
BT (25°C) , XA%2 SHIMADZU AG-X100KN £
RI{EIRIEHXTARIEASTM E8M-04 KRR ITAVRIEidAE
B TR, F{ERERE 95 mm/min,

2 REERSITIC
21 ERHEAR

E185x 7 WHRIEREEIAl-6La- XS £ HIYF BHME
A, B TRIERE G E0A-eLag = BEBHEARS
BAIORIHMAELR, AERa-AILLK (AlyLa+Al)
HERARERE, WEL (a) Fims. i500.1%A9FeF0Co
&, &L (b) FE1L (¢) Fix, o-AlBERREZ
N, HFCoRAIINBNMUYRRAEE . MK
H00.1%AINIfS, #NEL (d) B, o-AlfESRALESHUE
b, (B4R K o-AIRRE AL,

R

(b) Al-6La-0.1Fe

( ) AI6La

(c) Al-6La-0.1Co (d) Al-6La-0.1Ni
El THRERESSHCERHER
Fig. 1 Optical microstructures of sub-rapidly solidified alloys

E2 AT RER 5 E H & AOAI-6LaFflAl-6La- X & &
AISEMER . RINE2F RS RIIEDSHITER
aeERPEFEETERRERCRORER (B D, F.
HE) , RIBEDSKIBE ST al LUIAMZAE DAL La,
1, I, CortEMMEEHIBAI-6LatRARFRY
Al LaBEE A REET AR, Feo NiTTEMMES
HEBNAL LaBRAREERK. (AlLa+Al) HE
FA (D, F. H) PEHEMEIALL La. X ( X=Fe/Co/
Ni) =MTEGFE, MEc-AIRKFEZEREES S
fLascEM /P ECoE, LiEtMEIFe. NiTTEMNF
£,
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(c) Al-6La-0.1Co (d) Al-6La-0.1Ni

E2 WihEgHESSIISEMER
Fig. 2 SEM images of sub-rapid solidified alloys

aa-Al
F1 THREEEAI6LaFIAI-La-X & &S HEA Y S ] t . -
EDSEEZR (E2HhFiRE &) T T
Tab. 1 EDS point analysis results of the phases denoted by 1+ 4 | T al
point A to pointH (Fig.2) & - Al=6La0.1Ni
in sub-rapid solidified Al-6La-X alloys : e M l T t .
Al-6La-0.1Ca
Wy (at%)
YA [ I + + &
Al La Fe Co Ni L Alfla-DdFe
Af—i 99.40 0.60 _ _ _ 20 30 40 50 60 70 80
200(°)
B 97.54 2.46 - - -
CHi 99.32 0.68 - - - (a) L [ Al-6La-X & 4 XRDATH
D, 96.19 3.62 0.19 - - m—
Ex 99.07 0.87 - 0.07 - ::{.f‘f*\ & -
FA 97.25 2.55 - 0.20 - _L_LLMM . ﬁa . A}g{"
G 99.63 0.37 - . B - bl '
HS 96.76 3.09 - - 0.16 : b
2.2 YEERK
B3 (a) AT REEEIAI-6La-XEE HIXRDATES T AtlaDlFe

EE. AT BERHTE-ANEEXNOSHITHER
EREMIECN ERAIER, LRI TR E L
2, WNES3 (b) Fi~. WEBFTR, THREREEEIAI-6La (b)) DA B I T s 6 [ Al-6La-X £ 4 [F XRDATT 51 Pl
ASHBEM No-Al. Al,LaflMErAlLLaE, 9D E3 WikikgEIAl-6La-X & AIXRDITEIEIEFIM AT ELIE
SUIN0.1%EIFe. Co. NITTE/E, (2B LIFHAHTE , TLPRERREIAOLa-X S HRIXRDATHIENR

& EBEMEFe. Co. NITTEMMA S UHTRATH Fig. 3 XRD diffraction patterns of the sub-rapid solidified Al-6La-X

alloys and the logarithmically transformed XRD diffraction patterns
k2 YRIAREY A= \ S FETHEAS
B RFTEN S EX, IUETERIIGN along the ordinate of the sub-rapid solidified Al-6La-X alloys

2007y
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2.3 &E5hF4ee

E4 AT HRIREEEAI-6La-X & S HIB SRS
(IBioHEE ) B, NE4rTE, TREEE R
Al-6LaB £ES%/30.0 MS/m, BFFAEXIENEIR
Z, »000.1%H[9Fe. NixTIFHRIREEEIAl-6Las EHIEE
SRHKRBPREF . BECotENHMESHENBE
BATEENEEER, KFT731.3 MS/m, BARFING
BE741%.,

40 - —_
W0
. | B 1250
el g 5
b 3002006 3052036 3132W3 405509
30 k pollEen =] —) d200 <
% z
e 25t 3
a | 1150 E
= 20+ :
= 15F 4100 3
2 | i
10 - 2
| {50
5k
0 - 0
\-6la  Al-6la-0.1Fc Al-6La-0.1Ca  Al-6La-0.INi

B4 TRESEEAI-6La-XE SR SFRIRER
(IBCHEE ) HIRE
Fig. 4 Histogram of the electrical conductivity and thermal
conductivity ( theoretical estimate ) of the sub-rapid solidified
Al-6La-X alloys

HEBSANMSENYEARARTM, BH
BYREESAMSBEIRNIEZH K. HES
(Wiedemann ) F1#E=2%% (Franz ) &, EREST
BIHEEO T, TRSASBEEZMBEMBEFREIAT,

eI EHEREKBRTEARNEES .. HExRRw
T

A/o=LT (1)
AF: PAEEINEER, W/ (m-K); chEENES
K, MS/m; THBIHEE, K; LIBICEE ( Lorentz
number ) , L=2.45x10°W-Q-K?,

ESET, BES-FH=2%F=E ( Wiedemann-Franz
Law ) AJgeNEBIER . RES-HB=LCEETEMHE
FiE1L, EBRREHBFEREERFMESHTBESH
FEHNKR, HAREBTF557F ( @BIRINET)
ZEREEEAT LR, BESRE N, B FS
PR F SRR 2B, OlafssonZ A P4t 3HEEa S
X EARRNHITTIELE, BHETUTAT:

A=0cL,T+C (2)
A LIS %EEL, L=2.1x10° W-Q-K?; ¢
NEEH, c=12.6 W/ (m-K) ., BUEHNBSELANL
AR, TENEESHNERASEHAI-6La-0.1Co
A9208.3 W/ (m-K), EHRZAI-6La-0.1Fe[203.6 W/
(m-K)], Al-6La-0.1Ni [201.9 W/ (m-K)], Al-6La
[200.6 W/ (m-K)].

E5 AT RE S E Al-6La-X & 2 HI TIER -1 25l
7%, R2AHTRELZEAI-6La-XEENERBE . FI{H
SRFEFIINGE = HIEE . NESETHN, TTHREREEE A ZAl-
6LafI/EIRIZE242.1 MPa, i7000.1 wt.%AJFe. Co.
NifF, IHREREAI-6LaS EHNEIRZEEE 7 AE
EERS, Hb, Al-6La-0.1ColIERBERZS NN
85.5 MPa, EXZAI-6La-0.1Ni (61.8 MPa) . Al-6La-
0.1Fe (60.5 MPa) . {EifH00.1 wt.%fA9Fe. Co. NifF,
TRIREEEIAI-6Lacs & A HREFIIYGE m 2B A Bz

27 7 A N N N N
SEOASTSBESR2 (2) FUTFRE, BF  ErE, 5001 whiliCoFREABE, fif
140 100
120 ﬁ\
b RO
100
£ £ 60
E 80 E
m_: 60 z_: it
40 — Al-6La-0.1Fe
— Al-6La-0.1Co 20
1 — Al-6La-0.1Ni -
20 —— Al-6La
n 1 L L 1 1 L 0
0 10 15 20 25 30 5

[

(a) RIJ-FrEzihes

P10 A8 1%

(b) (a) FERMERRIFIAE
E5 THuESEAI-6La-XE SR /I-R ALk

Fig. 5 Stress-strain curves of the sub-rapid solidification Al-6La-X alloys
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F2 TWREEEIAI-6La-XEERIEMRIBE . H s ERIGE S8R
Tab. 2 Yield strength, tensile strength and necking point data of the sub-rapid solidification Al-6La-X alloys

it H Al-6La Al-6La-0.1Fe Al-6La-0.1Co Al-6La-0.1Ni
S IR 1 /MPa 421 60.5 85.5 61.8
FrffisgEE/MPa 127.7 123.2 123.0 126.5
HAE 5% 23.7 20.6 17.1 19.8

SREM127.7 MPa F[£Z123.0 MPa,
TEEI17.1%,

3 pirFnidie

3.1 HEAETOH
FIZAl-6La-XAEREREIREX(E, [@AI-6Lag

£hINMEFe. Co. Niflf, BERE X GEBRRIIL

X, HAPAI-6La-0.1CoHIEIRR/ N, MEIRITFTIAAY,

HREXENFEAEENHEMEEEEETN, =it

UELEM23.7 MPa

X BB FIREM NN ERILRR, w40,
REHE R EARME .. A0, AI00.1 wt.%
AYFe. CoFINIZAl-6LaREF, SSHREREXE
B9 K. X—IKIRTFe. CoFINIfIETTERINMANGE
RTA-6LaaEMEEERE, NMIEK T SEIREX
g REIXFNI L SEAI-6La-X & T HIFHISE RS
FRTEE, (BESIDRFRIFNHSHERE.
El6HAI-6La-X & S ENRENDTHIZ, F48
Al-bLa-XEEHREADITHEISERE, HF, Th

*3 TRELEEAI-6La-XE &5 ERE X 8
Tab. 3 Temperature range of the sub-rapid solidification of the Al-6La-X alloys

a4 Al-6La Al-6La-0.1Fe Al-6La-0.1Co Al-6La-0.1Ni
B[RRI X [RIYE F] /°C 631.26~650 628.93~650 630.17~650 623.06~650
658 0.2 < 0.06 658 - — 0.2 - 0.08
AL - it A7 ) £
656 T e 656k _\ b oo
654 02 g 654 e
992 1 E e - 4004 ¢
= -0.47 40 < -0.4°
=2 630 = = = o650 = Joos 3
== ~ 40.01 = = ~ .
-0.6= n e -
648 ' 648 %
L ‘\ <4 0,00 I ~0:7 | o=
4-0.8 :
i - 0§ i {-0.01 646F 1} L —
At £ o] | £k
644 1 1 1 ! L -1.0 .02 644 %"L'Lﬂ" 1 J 1 L ~-1.0 <=0.02
580 600 620 640 660 720 740 760 T80 800
f s /s
(a) Al-6La (b) Al-6La-0.1Fe
S{—wER Tenma |2 1" o Tenmz |- 1"
656 ____X __________________ /_ e 1005 656k _\_. % _ T e e 10.03
654 0.1 o 4 (1.004 ; 654 0.1 “—ll-}.l
“w 400 + 40.0
£ 652 ¥ - ¥ 652} -
= -0.47 400 B -0.47 40.0
ZE 650} \ = E 650 \ h = =
T, = 40.0) = 1/ | T 40.01 &
; ] -] - ; I I - =
648 g VR NG s 0.7 +H0.00 648 'I-_-—a-..;‘-:_;,lx-—- --—vJIu&-:---—v--:] ----- —emad ()T A0
[} T I
646 / ! T d_n.ot 646 | 2 T, j .
T T. B AL Lo B Bl 2%
644 L 1 A L L 1.0 =00 644 L L A 1 L -1.0 “=0.02
740 760 780 800 820 360 380 400 420 440
i il /s i l/s

(¢) Al-6La-0.1Co

(d) Al-6La-0.1Ni

E6 Al-6La-XE = ABER D ITHIZE
Fig. 6 Cooling curves thermal analysis of the sub-rapid solidification Al-6La-X alloys
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HERa-AESREMN BRMNFAZERE; Tun/I¥&Ea-AlTEEE
EMBENREERE; T AY&R-AEREMNBRNERR
=; AT, AT, =T, = Ty, SR a-AlEEEE M ERAVB &
B, BESRERSTAIZ %0, 0.1 wt.% Fe. Co.

NiBIIINBERR RN BRo-AFEAZRET,, IRedSE. &
1, Al-6La-0.1Coa%BREMETHRA, YGEe-Alf
ORETM647.15 CFEZ1645.63 C. f£2750.1 wt.% Fe
#100.1 wt.% CoRJAI-6Las £ 5EEIIFEH, HFFeflCo
FEFNEBRER/), BRESEFEERRA@ENGR
£, JEALEFe. Coll, EMBEBIBARMDITS, EIS
To-AlRRIIER, SBe-AMRGERIR T AR/,

R, HINCotEfE, MRae-AEZEET &K, B
FIEREATR), EREEESIEERENRETH

s A ﬁ '- ‘i
IS Founorw [T =

ARE, REGESEXREART, SEComENENA
WHRENEE . HR, £EB0.1 wt.% NifJAl-6La
EHREIEY, BERETADEEATYIRS, 18
TIRERARENEETERNAL, B TFo-ANESRNAY
KX, REENESRNEFEACHIR . ZE2FTHER
H00.1 wt.% Cofs, HERALRFAlLa B SHERIREE
TARCRNRERE TR H T RAFEHEXEZNEWL,
BINABTERENIRY . EIRERERNAI-6LaGE
dr, 7000.1 wt.%HIFe. CofINiTtE/E, HTFLINEE
Be, XExRLERENEEREIIEFTER
BRETHH. mXMIERT, SEREAEMRNDATER
a-Al. Al La,fIEr0AlLatBER, MmiREIaEH
B, X 5E3HFXRDATEIE R~

R4 Al-6La-XE & E R H &IFIERE
Tab. 4 Characteristic temperatures of the cooling curves thermal analysis
of the Al-6La-X alloys by sub-rapid solidification

TiH Al-6La Al-6La-0.1Fe Al-6La-0.1Co Al-6La-0.1Ni

TJC 647.15 645.67 645.38 646.25

TG 648.08 646.70 647.00 648.20
AT/C (Te=Tuin) 0.93 1.62 1.95

3.2 B NALEY

EREESHBIBICTM, RAEUTE, BERET
Lo EMN RSB RRAEHMENR>, HBEB/N,
RIEEFEHBTIERL, EEBFAERNEX- IS
Fitntn, JESH, ERFBESEN:

=m—l (3)
Xt M HBEFEYES, v AEKXEMHIEF Iz
RE, N ARMUAKIRHNELRSIMESE T, e B
FEBE, [ ABFIFYIEHE.

SNFEEMsS, BSXRITBEUATE K@M
BFFIEREMFIIEMHEE. M0.1 wt.% AJFe.
Co. NiiZINfGE, @BRRIDHESIN, B TEBE
FBSXRESMSRABIEEIN, BFELRAlLaBRR
HERRET AR, HFEHERALRFAILLBRYT
BN, SBHEBFIMESERT/, BFIOFHEH
BIEE, NMIESE2mBsxtY, 2ENBESER
AERYEBHBFRIRIZIERX, BRIEHRES-
BERERE, TRNBESXRMASEREMIELLXER,
FEZIN0.1 wt.%HFe. Co. Nifg, 257 2EHNES
x, AESEMEIIENRS .

R RIREEEAl-6Lass & Hi7000.1 wt.%HIFe. Co
FINITTRE, BANEEISM, HeFeflCotEERE
IEMUERL. o, MELatEREA T o-AlEKS,

MESUERBENNELIM T HERE, TR T EAR
WHIER . XEHMMEENNE GBI TR W R
BEAl-6Las EHIEIRBES™, XTFh{hsaE B
RHNEREE, BrstaEWnRZ T HEHMUWAHLIY
FRASAE, 220 7 HERALFAVAIL LaiBF0o-AIFB SRR
FREXR, FENRAEFEGXRNEFERTLE
A=, EEHEREXR ([520]Al4Re; // [121] o-Al,
(001) Al,Rel/ (111) a-Alg[113] Al,,Re, // [011]
a-Al, (110) Al,Re, // (100) a-Al) T, HSRHR
A9AIl, La i BFNa-AME R EE S RERNRIL, T5ESE
REESZHIMELFIRLM, R EMENEER
N, AHENERZY R, MEAXMEET, Alyla
B Ne-AEZ BN @ IEEERE , ViaERELY
EIBZRIRIE, TSR ER R REMIERTZ,
SEERAT, EIREREEEAI-6Las £ H7R00.1 wt.%
A9Fe. CofINiTTR/G, ERREE LFH, fiREFZE
M. A, X—RENHRZEEH—THINLRKE
UEFTRA DT

4 2518
(1) ETHEREERAI-6LaS S S, F000.1 wt.%
AIFeflICogE EE MU RIFNIITELR , HbhCoREH

£, MiAN0.1 wt.% NiZEFEHERAIEIN, B
(ERRIBRRIER . IXLETTRATIMAIGRE T o-AEAIH
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ZRE, FHO0.1 wt.% CofgfFH R BN HHIAl,LaM8 BE., HEEBSENN31L.3 MS/m, HEXITFAI-6LagE
HERRTARIR, EESHIREMRFREAZ, P8 254.1%; ,\EHE§EEKEU85.5 MPa, IRAI-6LalES
o-Al. AlyLaFiA=E YAl LatE IR o 103.0%,
(2) Al-6La-0.1Coa=EXME M EBENEEERE, (3) EIruEgEEAI-6Las £, 75000.1 wt.%

CortXRIRMINBIT IO WM ERFL . HEHRER A9Fe. Co#ONi, fif{hsaEFI4HEPE F~EREERRE
28R, WO T BHBFIEET, NMiEe TBEFHFE i€, EhiZnn0.1 wt.%RICo FIEEABEE, AEREM
BHERE, e THESEIINGE; B, B 127.7 MPa~B£%1123.0 MPa, 3RAl-6La % 173.6%. A
s FIEARRNE, EEIRS TAl-6La-0.1Co5=MER FRAM23.7% NFEEI17.1% ., BAI-6La &R T 27.8%.

SEH:

[1] SKEeRs, XUR, SEREE. HEMPRESRIRERENEE [J]. 8 Sk, 2022, 36 (2) : 153-161.

[2] 3% Al-SIG2AIAFFERENIEMR [D]. BK: BHRAFE, 2009.

[3] WENC, GANJ, LIC, etal. Comparative study on relationship between modification of Si phase and thermal conductivity of Al-7Si alloy
modified by St/RE/B/Sb elements [J]. International Journal of Metalcasting, 2021, 15: 194-205.

[4] CHENJ, HUNG H, WANG C, et al. Thermal and electrical conductivity in Al-Si/Cu/Fe/Mg binary and ternary Al alloys [J]. Journal of
Materials Science, 2015, 50: 5630-5639.

[5(] SUC, LID, LUOAA, etal Quantitative study of microstructure-dependent thermal conductivity in Mg-4Ce-x Al-0.5 Mn alloys [J].
Metallurgical and Materials Transactions A, 2019, 50: 1970-1984.

[6] LUO G, ZHOU X, LIC, etal. A quantitative study on the interaction between silicon content and heat treatment on thermal conductivity
of Al-Si binary alloys [J]. International Journal of Metalcasting, 2022.16: 1585-1594.

[71 MURARKA 'S, AGARWALA R. Diffusion of rare earth elements in aluminum [R].Bhabha Atomic Research Centre, Bombay ( India) ,
1968.

[8] K=MK, BH—, BEEE BmIEENESSPIOMNAHRE U] 751, 1988 (5) : 34-40.

[0 FEMHH 8xxx RIFISIR S BB NS AVAERMEE [D]. JLAA: JLAT U AS, 2019.

[10] GSCHNEIDNER K, CALDERWOOD F JJ O P E. The Al- Re ( Aluminum-Rare earth ) systems [J]. Bulletin of Alloy Phase Diagrams,
1988, 9 (6) : 658-668.

[11] ], FEER, :WEK, £ SSEFBA-LaGHRN MRS [ $5i&, 2024, 73 (7) . 947-954.

[12] KIM Y-H, YOO H-S, LEE S-H, et al. Microstructure and mechanical properties of the Al-RE alloy with Ca addition [J]. Journal of
Nanoscience, 2020, 20 (1) : 535-539.

[13] KIM Y-H, YOO H-S, LEE S-H, et al. Effects of Mg addition on microstructure, mechanical properties, and thermal conductivity of As-
extruded AI-RE alloys [J]. Journal of Nanoscience and Nanotechnology, 2020, 20 (1) : 293-297.

[14] TEiE, RO, HZE. Al-75NixFeERAVANELT SHWDIEEE D] FTEERZRFR, 2023, 33 (9) : 2801-2812.

[15] BOGDANOFF T, DAHLE AK, SEIFEDDINE S J1J O M. Effect of Co and Ni addition on the microstructure and mechanical properties at
room and elevated temperature of an Al-7% Si alloy [J]. International Journal of Metalcasting, 2018, 12 (3) : 434-440.

[16] MOODISPAW M P, CINKILIC E, MIAO J, et al. The Beneficial effect of iron in aluminum-cerium-based cast alloys [J]. Metallurgical
and Materials Transactions A, 2024, 55 (5) : 1351-1362.

[17] YOO H-S, KIM Y-H, SON H-TJA O M, et al. Effect of Fe content on the mechanical properties and thermal conductivity of the AI-RE
alloys [J]. Archives of Metallurgy and Materials, 2020, 65 (3) : 1029-1033.

[18] INOUE A, OHTERA K, TSAI A-P, et al. New amorphous alloys with good ductility in Al-YM and Al-La-M ( M=Fe, Co, Ni or Cu)
systems [J]. Japanese Journal of Applied Physics, 1988, 27 (3A) : L280.

[19] CADIRL1 E, USTUGN EJ1JO E, SCIENCES M. Determination of thermal properties of ternary Al-La-Ni cast alloy [J]. Ndian Journal of
Engineering and Materials Sciences ( IJEMS) , 2022, 29 (4) . 493-501.

[20] HAWKSWORTH A, RAINFORTHW, JONESHJMS, etal. Thermal stability of Al/Al;; Ce; and Al/Aly; Lag/Al; Ni eutectics obtained by
Bridgman growth [J]. Materials Science and Technology, 1999, 15 (6) : 616-620.

[21] POWELL RW J1J O H, TRANSFER M. Correlation of metallic thermal and electrical conductivities for both solid and liquid phases [J].
International Journal of Heat and Mass Transfer, 1965, 8 (7) : 1033-1045.

[22] i®E. SSHAISIRFBSIEESNAEDRITSMNA [D]. S €IS, 2021

[23] OLAFSSON P, SANDSTROEM R, KARLSSON A. Electrical conductivity of aluminium alloys [J]. Mater Sci Forum ( Switzerland ) ,



S = ‘Et
20254 HORA/ET4E iIEIA5R Founore

1996, 217-222 (2) : 981-986.

[24] &ZE, FRNEFEAI-SIERERFRXIFSIZIBRIAT ). XiE: KELFRFIR, 1985, 4. 31-36.

[25] RAGHAVAN V JJOPE, DIFFUSION. Al-La-Ni ( Aluminum-Lanthanum-Nickel ) [J]. Journal of Phase Equilibria and Diffusion, 2006,
27 (4) : 392.

[26] VILLARS P J A 1. Handbook of ternary alloy phase diagrams [J]. ASM international, 1995, 7: 8754-8755.

[27] 4385, &%, BE, & La. CeRAMIXAI-Mg-SieSERMERRISIN [C]. 2016 FFEEN LW ARG R RAS, NELE
HRELED, 2016.

[28] 4485, ME K, 2, % La. CeREHEITAL0.75Me-0.6SiESRMNIMERENIFNIN]. A RE, 2016 (6) : 26-29.

[29] KRB, EE, BFR, & SRE FreXIBAISTI-1IBAU TR RAMLAISIN U] JaT 54, 2023, 43 (11) : 1-3.

[30] R MESHUX PR EEMg-Al-Sn-Cais BLELUENSNF MRS [D]. K&F: HHKF, 2023,

[31] XIAOLI C, YUYING W, GUOJUN Z, et al. Study on the improvement of electrical conductivity and mechanical properties of low
alloying electrical aluminum alloys [J]. Compos, B, Eng ( Netherlands ) , 2017, 110: 381-387.

[32] BERZ, AR, BBZE, 5. LaflICeXIAI-35i-0.5Cu-0.7FeE S ER R IERNIFN [1]. FHFEREEESE, 2022, 42 (4) : 486-
491.

[33] MAK K, WEN H M, HUT, etal. Mechanical behavior and strengthening mechanisms in ultrafine grain precipitation-strengthened
aluminum alloy [J]. Acta Materialia, 2014, 62: 141-155.

[34] EER, KM, KER, & REZEAICoCrFeNi2 IXBSHESAOMUARELMNF MR ] MEIARSHR, 2019, 33
(9) : 650-658.

[35] HUANG T L, SHUAI L F, WAKEEL A, et al. Strengthening mechanisms and Hall-Petch stress of ultrafine grained Al-0.3%Cu [J]. Acta
Materialia, 2018, 156: 369-378.

[36] ZHANG C, PENG P, LV H, et al. Orientation relationships and interface structure between Al;,Ce; and Al in Al-Ce eutectic [J]. Journal of
Materials Research and Technology, 2022, 18: 693-704.

Microstructure and Properties of Al-6La-Fe/Co/Ni Alloys Prepared by
Sub-Rapid Solidification

ZHUO Run-jie, LUO Ye, FAN Hui-min, QIU Yuan-yuan, DU Jun
(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, Guangdong, China)

Abstract:

The purpose of this study is to investigate the effects of adding trace Fe, Co, Ni on the microstructure and
properties of sub-rapid solidification casting Al-6La alloy. Using optical microscopy, scanning electron
microscopy, energy dispersive X-ray spectroscopy, X-ray diffraction, cooling and solidification thermal
analysis, conductivity and tensile strength tests, the effects of adding 0.1 wt.% of Fe, Co, and Ni on the
microstructure and properties of the Al-6La alloy were studied. The results showed that the addition of 0.1
wt.% of Fe, Co, Ni significantly improved the yield strength of the Al-6La alloy, and the addition of 0.1 wt.%
Fe and Co also made the grain refined. Especially, the Al-6La-0.1Co alloy exhibited excellent comprehensive
properties, with a yield strength of 85.5 MPa, which was 102.9% higher than that of the Al-6La; and an
electrical conductivity of 31.3 MS/m, which was 4.1% higher than that of the Al-6La.

Key words:
sub-rapid solidification; Al-6La alloy; microalloying; solidification characteristics; microstructure
morphology; properties
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