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BRI AR A . S5 R, 53 Al-14Cu-7Ce & 4 B Ha-Al 1 AlsCeCus PHHTZLIR, AU ZH 27 ALK ) 36 & 41 41
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T W, o IR SR A BL b SR 4 I PR 2 151 MPa A1 249 MPa, H:IbJ5 SE 10 R %9 3.9%, SMEEE 108.3 W/(m-K).
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Al-Cu-Ce &4 B & mumE MR, HBT Ce mHRM
TN, SR BN I RE AT BIAR K, T e B 2R
WEREMR () — AR A, A EBRME S AL-Si B
A 4 ) 4 v i AR AR U1, Belov SF U812 4R
18 | Al-Cu-Ce & 4 M6 E 51k 150 HB. Lil'45 A\
FU T B RIE K Al-14Cu-7Ce & 4 FoIR AlsCeCus #H )
BRAAT RN, Ce ARKfLIFEM F =M e ER, MER
KB E R TR, IR AlsCeCus I BRAL o [ Py 2% 3 3
Py 2RO T LA Al-14Cu-7Ce & & W =R 50 FE ]
11k 360 MPa. FRKIESE RGPEIR AL T Ce M Cu & i
DA I AL BN Al-Cu-Ce & & H U5 MEREMI 2, 225
T6 #ALH 5, Al-14Cu-5Ce (15 IR 470 47 58 FE A1 LE {1 R
Alik 368 MPa il 3.0%121, Mg TR Al &4 BA &
EW A ER, BRI, B 1% Mg K2 A] DUE
Al & &P h R E R 34 MPa. Al-Cu & &I —
ER Mg JLHR, HE TS b, HprhEn ik 380
MPal?2],

Al-Cu-Ce & 4 BT F& =y 0 B IO RE A, 78 A
BN, SR, EF5ZE 4k R0 5 R0 Re it
T RIE . AL L Al-14Cu-7Ce 1 NWF X %,
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AN S A AL-Cu-Ce 354
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LTk A4R . Al-50Mg. Al-50Cu il Al-20Ce H [H]
G NIEMEL, %5 EOR ] #% Al-14Cu-7Ce-xMg
(x=0, 0.5, 1.0, 2.0, i ESE) &4, FIHAEHIREIN
B AR, &8 SR EEHRIZ 8 300 g, IEAGIR
£ 720 CHEMBR G, R CHAZEZ) 200 C 2
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2.1 UILALR

1 AT 2 43 58 R [F) Mg 7 il & 1) Al-Cu-Ce
A S FHONALZUR XRD B 3E . HE 2§ XRD ik
GEIRATA, 4 Mg B ITEA T 1.0%0, & 6 HL & a-Al
A AlsCeCus #H o 24 Mg IINE R 2.0%H, & &
AlLMgCu #. B 1a AT/~ Al-14Cu-7Ce 3t & & & T
ML, 32 2 IR BT AR - AL AR R R 3 20 28
(a-Al+ AlgCeCu) ¥ 1, BlAE Mg IIMERME 1.0%,
FH K 1 38 8 2H 23U 2 4 4k (i ) 10 A 1e BT,
2 Mg I — BN A 2.0%0, a-Al JE4k FH B
IR 3 A 2 (a-Al+ALMgCu), A K F 3t 8 41
Z(a-Al+AlsCeCua)idt — D #E 41k .

Bl 1 AR Mg iRIER Al-Cu-Ce 3L & & 4 UM 2H 21
Fig.1 Microstructures of Al-Cu-Ce eutectic alloys with different
Mg additions: (a) 0, (b) 0.5%, (c) 1.0%, and (d) 2.0%
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—— Al-14Cu-7Ce-0.5Mg
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Fig.2 XRD patterns of Al-Cu-Ce eutectic alloys with different
Mg additions
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X B o B B an il 3 fER 1R, LA 2 (a-Al+
AlgCeCus) I I 2 FIREE M, 3L AlgCeCus BL
FOR IR A fEa-Al F4k F, FiR AlsCeCug 1) H R
Fe 1A BE AR /N, JEATE 0.5 um BLN . EDS MR 45 R
W, MW Cu i KEE To-Al 1, i Ce TRFES
AL AT Cu JC & K A0 & RN, T R AR 1) AlsCeCuq #H
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MR WA
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Mg JoF BRI 3 0% & S MR 21 23 451,
M Mg TCE & BT 1.0%K, EDS iR 45 5 15 B
Mg FEZ LAV T RAFAE (ISR 1 Fw), Besh, Jhd
H IR (a-Al+AlsCeCuq) W) AlsCeCua 1154 IR &5 14,
Mg TG IR IR A 3 4 SR T RROFDIR 1K) AlsCeCus
#H. Al-14Cu-7Ce-1.0Mg & &ML R W E 4 Fir,
TEHUIR AlsCeCus AH A H A7 7E Mg Fll Cu L2 1) 4E X

K3 AF Mg @I Al-Cu-Ce 3£ 445 4 SEM B
Fig.3 SEM images of Al-Cu-Ce eutectic alloys with different Mg additions: (a) 0, (b) 0.5%, (c) 1.0%, and (d) 2.0%

F1 BE3HIFICAMEDSHR
Tablel EDSresultsof points marked in Fig.3 («/%)
Point Al Cu Ce Mg Fe Si Ti

A 9315 643 033 0.00 0.00 0.00 0.65
. B 93.04 636 030 0.00 030 0.00 0.00
Fig.3a
C 9228 729 043 0.00 0.00 0.00 0.00
D 66.52 21.27 12.11 0.00 0.02 0.08 0.00
A 9291 568 093 042 0.06 0.00 0.00
B 92.14 597 139 048 0.02 0.00 0.00
Fig.3b
C 92,60 6.64 0.15 052 0.09 0.00 0.00
D 67.54 21.20 11.07 0.17 0.02 0.00 0.00
A 9551 322 047 076 0.04 0.00 0.00
B 9426 424 0.60 0.89 0.00 0.00 0.01
Fig.3c
C 9332 483 084 097 0.04 0.00 0.00
D 62.25 2433 1295 0.12 023 0.12 0.00
A 94.02 346 0.78 1.74 0.00 0.00 0.00
B 938 399 003 1.82 0.00 0.00 0.36
Fig.3d
C 6433 21.39 13.77 0.09 026 0.16 0.00
D 64.72 2478 0.14 10.08 0.20 0.08 0.00

B 4 Al-14Cu-7Ce-1.0Mg & &t R g 1
Fig.4 Element line scanning results of Al-14Cu-7Ce-1.0Mg
alloy
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RLEHL A AlCeCus AT H 3, Mg, Cu e R W T
AlsCeCus FHFRTH, 3K, HEMHIH] AlsCeCus #H
MIE A AE K, 345 AlsCeCus AH HI R IREE S N HOIREE M o
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JCE B T CAE I RAFEAE 2 4, 3B LA AlLMgCu i 4
1T o A T i Ak .
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Mg @IS Al-Cu-Ce i & 4 5 B 5 3 68
QRN S BT, KT Al-14Cu-7Ce LA &M F
HSHRMSFINE 74 21.16 MS/m Fil 148.5 W/(m-K),
BEE Mg I INEINE 1.0%, TR T AR BN
MR R, R, A& SHREMSHE SR
18.45 MS/m 1 130.2 W/(m'K). 24 Mg 7T & & & ik —
WA 2.0%, &M SHSAMERBIEENT
Fe, HIHREMFMES T HFEZE 15.54 MS/m Al
108.3 W/(m-K), % Al-14Cu-7Ce 3L &4, T IR
3N 16%A1 27% .

T &REME, EERAMEEIRES, AmET
sz SR FIEH . MR ARERH, Y&k
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REHGER D), BEE Mg IMESRIME 1.0%, FE¥HE T4
FEARE) Mg JTe R -FEMEIZRBIE N ZE 0.87%, XUt &4
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Fig.5 Effect of Mg addition on electrical and thermal

conductivity of Al-Cu-Ce eutectic alloys

Cu JLE R AR S RN AE R AlblMgCu #, DL faf ik 3t
fn 4 2 (a-Al+ ALMgCu)JE X7 A T i b, 386 4
RS AR ER B, KPR Maxwell SEf#E, 5 HIE
L B 18 I 32 T H N R AR T A 2 3 B Y
MEZ, B/ T HFANE RSP R, T PR A
EMFRE A, H5ILHE AL (a-Al+AlCeCul) B
RRIES VIR EE#, 3 —25 BE a1 T T A RE
K, & Mg @ INE ) Al-Cu-Ce Jt i & 4 5 L S
BE KR 5 R B VA IR 18 Mg T8 2 R 10 4 v 0 3 482 A
PR 25 0 1) 3 o AH PR R B 38
2.3 fufhiEse

Kl 6 AANTE Mg ¥ & 1) Al-Cu-Ce J& 5 & & Hifd
TR - AR i 2, FAH L ) 25 M R HE AR 1K B in R
2 7R o Al-14Cu-7Ce L i A < 1) Je I it FEE AN Bt o 528 o5
I3 5124 127 MPa 1 221 MPa, Wi )5 & 24N 3.2%,
I R A ) AR 24 Mg JC R IR RN 1.0%0,
£ 4 11 J IR 5 R AN Ry 9 BE 4 i B2 A 164 MPa I
263 MPa, #ETHIEEE N 29%F1 19%, %4 411 W )5 4
ERREF R 4.5%, BRILEEERAL 41%. (HEHE
Mg TR —HHRINE 2.0%, &&M SRR E
BT B, I AR5 5 AN B a8 B 43 3 B 22 151 MPa
249 MPa, W75 ZEAH 2 FEHN 3.9%.

NT ARG SMERPIYE, O ETENRE
G PRI HC P T B AN G A e, B i) B s Rk K R s

0=UTS+alg(E1%) (2)
X, UTS AABEMPRisE, $BA478 MPa, El%H
HBEMBEEME, o NEH, NTEAEMNS o=
150 MPal?”-281, Al-Cu-Ce-xMg & 411 Q 1H 5 45 St
* 2 s, Al-Cu-Ce L& 41 Q EHI N 297 MPa,
Al-Cu-Ce-1.0Mg & 411 O {8 % =1, H A 4 361 MPa,
BALRA SRFL 22%. HIk, @0 1.0%Mg JTER ]
AT HEE E o A S IR Al-Cu-Ce 32 d &4

G a1 EVERE I A S oW A S AR AR G, 4
Mg JC & I B AR (<1.0%)I, Mg 3= % DLE E
WA, GRS IRAS, S RALEEIZh P 7y, fi
RIEBAELAT, HmMRFAASMEE. Mg tRN
N 2 AL 3L 4 2 (a-Al+AlsCeCus),  $2 5 ER 1K
MRS, IR L Y R, R A&
FIE. K, 450 1.0%Mg JG & Al S2 81 Al-Cu-Ce 3t
i KRG . 2 Mg TR I INE N 2.0%0, &
& R AFAE (a-Al+AlsCeCus) Fl (a-Al+ALMgCu) 2 FhJt i
M, AR R A AT i, AH S T AR RS0 AR 1
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Fig.6  Effect of Mg addition on tensile properties of Al-Cu-Ce

eutectic alloys

F2 AEMYHRMER Al-Cu-Ce B E &R I%RE
Table 2 Tensile properties of Al-Cu-Ce eutectic alloys with

different Mg additions
Yield Tensile

Elongation/ Q

Alloys strength/  strength/
Y Mfga Mfga % /MPa
Al-14Cu-7Ce 127 221 32 297
Al-14Cu-7Ce-0.5Mg 149 245 3.5 327
Al-14Cu-7Ce-1.0Mg 164 263 4.5 361
Al-14Cu-7Ce-2.0Mg 151 249 3.9 338
3 % it

1) Al-14Cu-7Ce 3% it & 4 32 22 g K 1 JE i L 21
(a-Al+ AlsCeCus)f Bt ¥R IIE & Mg TG & il 44k % 3%
mm 4, 2 Mg TR IR 2.0%0, &4 $
PR (a-Al+AlsCeCus) Fl 4 F IR (a-Al+Al.MgCu) 3
HE,

2) BRI Mg T &R (<1%) 2 S5 Al-14Cu-7Ce
FL i A 1T IR /NIE RIS, (B RER T ) e .
2 Mg TR IR INEN 1.0%0F, i BR AN $r 35 5 52 T
29%F1 19%, 43 Hik %] 164 MPa A1 263 MPa, KiZ4 4k
RIEF 2 4.5%, BILEESRAL 41%, AT
E N 130.2 W/(m-K).

3) MgJt & 1 ¥ 0 o] 4 4k 3t & 20 20 R o &
AlsCeCusHITES, SLULG &M, mAIRTMEH
FLE o A S A AL-Cu-Cedt i & 4. Hil B Mg
JCE G AH A A R S AR AL R, AR A S
B ARE S i1 =R e N o
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Effects of Mg Addition on Thermal Conductivities and Mechanical Properties of
Al-Cu-Ce Eutectic Alloys

Li Chengbo'?3, Hou Huibing?, Liu Leilei®, Huang Chengyi'?, Ren Yuelu?, Du Jun'
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510641, China)
(2. Guangxi Key Laboratory of Materials and Processes of Aluminum Alloys, ALG AluminiumlInc., Nanning 530031, China)
(3. Guangxi Key Laboratory of Advanced Structural Materials and Carbon Neutralization, School of Materials and Environment,

Guangxi Minzu University, Nanning 530105, China)

Abstract: This study focuses on the eutectic Al-14Cu-7Ce alloy to investigate the evolution of its microstructure and the changes in
thermal conductivity and mechanical properties by adjusting the addition amount of Mg element. The results show that the as-cast
Al-14Cu-7Ce alloy is mainly composed of a-Al and AlsCeCus phases, with a microstructure consisting of coarse eutectic structure
(a-Al+AlgCeCus). The addition of a small amount of Mg element can refine the eutectic structure and improve its mechanical properties.
With an addition of 1.0% Mg, the yield strength and tensile strength of the alloy increase to 164 MPa and 263 MPa, respectively, with an
improvement of 29% and 19%, respectively. The elongation at break is enhanced to 4.5%, with an improvement of approximately 41%. The
thermal conductivity is 130.2 W/(m-K), with a decrease of about 12%. As the Mg element content is further increased to 2.0%, the
mechanical properties of the alloy decrease, with the yield strength and tensile strength decreasing to 151 MPa and 249 MPa, respectively.
The elongation at break decreases to 3.9%, and the thermal conductivity decreases to 108.3 W/(m-K). The decrease in thermal conductivity
is mainly due to the solid solution of Mg atoms acting as scattering centers, hindering the movement of electrons within the lattice, and
reducing the average free path of electrons and phonons. When the Mg content reaches 2.0%, the Mg reacts with Al and Cu elements to
form the AbMgCu phase, which is distributed in a fishbone-shaped eutectic structure (a-Al+Al2MgCu) at grain boundaries. This increases
the volume fraction of the second phase in the alloy and further deteriorates its electrical and thermal conductivity. The decrease in
mechanical properties of the alloy is mainly attributed to the presence of two eutectic structures, (a-Al+AlsCeCu4) and (a-Al+Al2MgCu),
which increase the initiation points of microcracks at the phase interfaces. In summary, the addition of 1.0% Mg can obtain an Al-Cu-Ce
eutectic alloy with high strength and high thermal conductivity.
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