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B SI A a( ADFEE . B 2 FIH] Sro) AL-Si-
Mg &4 AT AL TR, BFFC R St o BT
DABH S 404k 35 i Si TR, A e m T & &3
VEBE & Stk gt . E RSP T R Xt
Al-Si-Mg & & G320, BF 78 A SLIE ¥ A 22 i
EHEMHRGEE A 153.1 W/(mK), 7E 540 C R
M, a4arhIii Si kiR AR %, RSP &
BN, AESFRERIARIEMN, HIEESEESSH
RIRE T 24.6%. EEPWIRAI, @it Ce
Al Sr EEAFFG K ZL101A & 4 ki i & 401k, 6
i 1R RE A B BT . AR Sr. Ce IR
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&SRR A AROE R . BRI, ARSCHE
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1.1 SEIEMR

SEIG BT AR N 4E 85 (99.7% . R 4 H)
Al-20%Si. Al-15%Mn. 2 Mg(99.9%, i &5 %0
AHAR M EICER, KH Al-10Sr. Al-10Ce H1[E] &4
X AlSi10MnMg & & AT AL B, K H ICP-AES
R SEge & S22 gy, AR R 1 g,

1.2 &&B&k
Bk T4l A1(99.7%). Al1-20%Si K
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Table 1 Chemical composition of experiment alloys

Al-15%Mn N 1 22 5 38 75 H B 8R4 T In #s
W, FRERVGRE LS 710 °C i FH A BB 0T B 4 1
afi Mg I A BRI 2], # B 10 min %01 C,Clg
HATRE A YOE, SEWEEREEE] 720 CHIMA
Al-10%Sr F1 Al-10%Ce(Jii & 750 H 8] & & 3748
JRACEE - E 30 min, SAJSIEERIR 700 CHIHEATI
250 CHy4 B LR, B5iE i EAE 18 mm, = 150
mm 541t .

1.3 AL 5 ERERIRT

R A Sl R T O b BURE, BRI &
500", 1000". 1500". 2000"WbZ4EITBE, ZWOt)E R
LS A AT ik, SR Axio Scope Al
RS A B (OMYX & & ki o A . RST b 47 43
Mr: ¥ F QUANTA FEG-450 B #7 % 44l v 1
B (SEM)M & 4 TG 5 0 A L H SV A AT M
£, K DSC200F3 Ml {1 TA DXF-200 %Y 5t
THI A4 L S BE B #A 5 R 50 A3 23 S 5 E AR 4
b #h % R Ay R B AT W s R A
Image-pro-plus6.0 < AHM & A0 bk SEEG A [FIHE
H711 10 5K 2000 £i% SEM H& A 3L i Si HGURFIES
AT R b FEA S A — 7 B BURE i T
AR AL 1 FroR), kA WDW-100D
T3 REM B SEIG MU RFE (1 7 2 M REEAT I 5E .
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12mm | ZOmmI
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Fig. 1 Sample size for tensile test

Mass fraction/%

Alloy
Si Mn Mg Ti Fe Sr Ce Al
AlSi10MnMg 10.48 0.62 0.35 0.14 0.085 - - Bal.
AlSil0MnMg+0.05%Sr 10.79 0.61 0.31 0.19 0.092 0.048 - Bal.
AlSi10MnMg+0.05%Sr+0.02%Ce ~ 10.94 0.54 0.28 0.16 0.081 0.053 0.027 Bal.
AlSi10MnMg+0.05%Sr+0.04%Ce ~ 10.55 0.63 0.41 0.22 0.112 0.046 0.044 Bal.
AlSi10MnMg+0.05%Sr+0.06%Ce ~ 11.09 0.61 0.33 0.21 0.074 0.059 0.058 Bal.
AlSi10MnMg+0.05%Sr+0.08%Ce ~ 10.32 0.59 0.27 0.15 0.124 0.061 0.077 Bal.
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B E S (LE 2), aAl)FEEFRIEE
KRBT FPIR L 58 S, X FhIL & Si g5t 28 T1
R o ADFEAE, FEE R G S VERE: VNN 0.05%ST

B G 2(b)), AR B RMRIL A Si A5 A
TR, i SigAni, FFAE Bk BT FPHR A 27 iR
AR, (A SRR ST B oL 5 R B A LU AR AR T A
AR B FFREE AL TEAIN 0.05%Sr 15 A}
by IS EE Ce ARG (WE 2(c)F(d)),
HRABFACFEI A 4 & 0.05%Sr 485 45 AR L,

i Si 5 a(ADEARI AL SR TN &, L4 Si
PASE 4/ iz JOR K sUIR AR E a(ADFEAR . 2
St 5 Ce WIIIAZEHIA 0.05%F1 0.02%00 (I K]
2(c)), AFUBRIE R A, L& Si Aty s HRF
YERFAE 3~9 pm; HE—B 0 Ce 2 0.08%( W1 2(e)

S
o5 @q Ui¥ -,

B2 RIF Sr Al Ce & EXF AlSil0MnMg & 4 8 M H 2R M
Fig. 2 Effect of different Sr and Ce contents on microstructure of AlSilOMnMg alloy: (a) Unmodified; (b) 0.05%Sr;
(c) 0.05%Sr+0.02%Ce; (d) 0.05%Sr+0.04%Ce; (e) 0.05%Sr+0.06%Ce; (f) 0.05%Sr+0.08%Ce
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(D), el Si K& a(ADFEAARSBA IS, Sr.
Ce 7£ Al THIENVEERUN, 4 Ce IIAET 2R,
Sr. Ce &5 St-RE (b &4, A& SR &
Si ftiil EZ 5% RN E TR E RS, &SI E
A, EEERMBRAHLZE.

3 Fi7nN St fil Ce & fEXT AISi10MnMg &4
WL ST ESIE . RAERME SIS Si 2
H 5 WU R I AR 26 AT JIPIR (L] 3(a))s 0.05%Sr
PIIMAE AlSi10MnMg A4+ 3E i Si 50 Bk
KB A SRR Bt A8 A 4 /0N 1) A R 0 24 R (UL ]
3(b)); fE Sr F Ce HIHHFEIEFH T ILE 3(c)H(d)),
Si BIAE K25 By 00 a T 40/ AR ARG BRI,
BB, AISi10MnMg £ 4 H 3 i SiTESAH HE 0.05%Sr
TR G A SABRRKSE. Sr GRASUEILE Si

IS BB R, Mt Ce TLRMIMASE Sr
JRFI B RS, JHRMEE 2 Sr T AE Si
W, BE5R T Sr AR BUEUR, A REAC Si K
P, o Si KT ST, e A AT
Si LW Ce JF7XF Sr 57 A& EH, M
MBI Si JE it — b i e A K A 11,
I, Sr+Ce & FALE G AlSi10MnMg &4
Si BIA K SZ BRI, RIS A8 S dl Si i RSERLA
[ FE /N, HIE 248+ Ce MNINEEL 0.04%H (L
Kl 3(e) (D)), FLdi Si JFIRAHAL .

% 2 K P 4 Bz AR A Image-Pro-Plus 6.0 #44:
SFANE St fl Ce & & AlSi10MnMg A 4 34 Si
IO E S 50 At o P s L 5 Si P38
KJE(Ls) “FIITEEWs) LK T L (Asy). SEHRE

Bl 3 Srfl Ce 5 EN AlSi10MnMg &4 4L 5 Si RS K52
Fig. 3 Effects of Sr and Ce contents on morphologies of eutectic Si in AISil0MnMg aluminium alloy: (a) Unmodified;
(b) 0.05%Sr; (¢) 0.05%Sr+0.02%Ce; (d) 0.05%Sr+0.04%Ce; () 0.05%Sr+0.06%Ce; (f) 0.05%Sr+0.08%Ce
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Table 2 Analysis results of characteristic parameters of
tectic Si in A1Si10MnMg all
guecie ST A TVnveaoy 22 Sr+Ce EATExT AlSilOMnMg &4 St

AHOy Lsi/pm Wsj/“m Asj
Unmodified 9.32 2.56 3.64
0.05%Sr 3.31 1.47 2.25
0.05%Sr+0.02%Ce 2.65 1.25 2.12
0.05%Sr+0.04%Ce 3.77 1.58 2.39
0.05%Sr+0.06%Ce 6.08 1.74 3.49
0.05%S1r+0.08%Ce 6.85 2.06 3.33
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8 8 2.5
- E
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Fig. 4
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Effect of different Sr and Ce contents on
characteristic parameters of eutectic Si in AISilOMnMg

aluminium alloy

B: B Sr. Ce MINERIALAL, HLdh Si FFIES
BRI TG EArES. 2 St F Ce A
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Wsiv Asi #0A FHmtass, XF L0 Si A0 AS 3R B
2551k

LR S AR AL 3 FEA AR G U LR 2% i
B LY, T ARE IR R AN AL-Si A4
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ZNHF LI O TP B R, R e iR
FREET, T H AR R E SR S I e
FRAE LR i HBEL R BT R R Rl 3
e, mgdi R e A, AR S T
H HREZ (B R R TR .

pP=—7F"H (1)

1
H= )

b AR E B m NETFRE; v AHR

FIEFE; pw NBUN R e NHTHA n AL

A HB T B2 MBUN R w RIEL, 5

HF P E AR 1 U e, BIRFEOR, HFrF

BIH AR Bk, RS2 B U R . X T

ARFERLF RS, P E AR
k-T

b TP ABRE; do WO TFHERE: TN
p AEJI. FEREME—E BT, FEHEH
550 FEBRR . H4E Bloch & BT 41, 78
eI, BT IR RN BUN N, B P
BEBE @k TE&RETE, HTiREST
FETFIMAIER Al FARR RIS, IR T H
e S S P e i A o | = NEEY g (7 P N2 e
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(a) Lath-shaped Si (b) Worm-shaped Si

Bl 5 HEAZFANE AlSil0MnMg &4 H H B T1EHim & E

Fig. 5 Free electron transport diagrams of AlSilOMnMg aluminium alloy before and after composite modification:

(a) Unmodified; (b) Sr+Ce composite modification

(3L Eh St AR T EFRIPRAR EOEREAE — S, SRALT
VP2 HPH, X H TS AR RIBEAS, WU
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DL i R B ek . AlSiToMnMg &4
2 Sr+Ce HAEL A5, L Si MR A
/NPT TR R HOR (LI 5(b)), BERT 3t & Si X T
T R HL B AN, JF HL3L S SiMURL (8] fr) [A] 5 48
Z SEUETA ML RIEIER 2, e R
RO B RS, A Sl Si XA
Al Bk

Kl 6 BT AN R 5 7 2 &6 AISil10MnMg &
EFPRM . 0T RAFH) AISi10MnMg &4,
a2 HALE St BRI RPREUR AR, 20U
TYZ “HPL”, BONH TS IR P R RS,
T FECE & F B X T2 0.05%Sr 248
JEWIE 4, Sr R PHAESL i KT, gk SiAH
MALKHZ FORFF UG R AP YR AR, 2 ARk i Si
B E, &4 & TR U AE RS,
HE&FHEREHRS, A% 17135 W/(m'K); &it
0.05%Sr+0.02%Ce HEAF 5, &aT It Si
FRFEAR R 20 /N T 359 53 1 RCHRANIGR HOIR o« A LE R AR
ME4E, EELRHEEET alAl)IEA R ES: M
W5, HFES SN RS S I RS2 2N 1) #
BH, H 52 B ECR RN RIE RIS, P H H
TS, A AR & T A S B, A F] T 181.68
W/(mK), RTINS FEE&5em T 14.86%. il

190

SN
/

170
160 F Y//

Thermal conductivity/(W+m™-K™")

150 1 1 'l 'l L L
Unmodified 0 0.02 004 006 008
x/%
Bl 6 ANIFAR T & T AlSilOMnMg 4 4 1 5 3 5 i
Fig. 6 Effect of different modification processes on

thermal conductivity of AlSi10MnMg aluminium alloy

EMit Ce MAREMMKEBIEKE 0.04%, ST
PRI T PR, R4 4 P B SCHR[ 18157
S HTHI St-RE & AMLEY), SEE AL RARAE
%, WNREEESRRENREER.

76 AlSilOMnMg & &0 Sr. Ce L&
R 5G4 OF TR A RN 54 8
A&, 1XLEE R LAY 2 8L Y
REETEE, HHEEFREE —Epm., @2
Sr+Ce AL )G, A4 P& Bl &Y & ZRIK,
AR M@ i 1B T Bl E B 5 AR i TR 4 8 1) 4k
BYIREE SRR . 5 — PR SRR
19 3 56 M LIRS B, BRIk, SR Materials
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Studio 8.0 #XfFH 1) CASTEP #ibk, 115 4 )&k
EMABEE SETYIRE, JF45E Cahill BA4E
Xt Sr+Ce H 578 7 J5 AlSi10MnMg & 4] fgr=4:
HE ISR S RE AT IR S R, ]
eI & AR R RIS %

JBit JmatPro 7.0+ Pandat #FA EALU L K T
ZAREIP TP e HeA N Sr+Ce HARRE A4+
TTREH LI MgoSiv AlSr. AljCess SrsCe #H, #i
ML RME 3 s, KAEEZKER Density-
Functional-Theory (DFT) 45 — 1 J5 #5124, %
J7 SRR BE AT AL AZ e KK #S Perdew-Burke-
Ernzerhof (PBE)™, it Fik &)@k &4 (A 5 2
Fod ATt R AW s ik g it 7 s,
FEHEAF R AlSr (RIZS BN 14/mmm, Gks HON
a=b=0.446 nm, c=1.125 nm; Al;Ce; %5 [AHE N
Immm, f@HEFCN a=0.435 nm, 5=0.998 nm,
c=1.294 nm; Mg,Si (7S [EEEN Fm 3 m, k&%

&3 SrtCe HEANG&E P “HBML Q25 C)
Table 3 Simulation results of second phase in alloy
modified by Sr+Ce at 25 C

Phase Phase content, w/%
Mg,Si 0.33

Al,Sr 0.11
Al Ces 0.03

Sr;Ce 0.02

o Yo |9 o
(%) @ Mg
°0 () Y

7 AR SR AT

N a=b=c=0.634 nm; Sr;Ce {JZ[A#EN P63/mme,
Fu ks H BN a=b=0.819 nm, ¢=0.648 nm.

FI| | Materials Studio 8.0 #f4H1[X) CASTEP #%
Bt 54 R AL S PR R By AP 5Y
PIRE Gy MRS TR v FIBGHE vy
il R (4). (SRR

v = 9}2 )
L P
—(B+EG) ’
y=|—3 (5)
P

A G ONBUIRE; p NIIRETE; B R
o

MRYE Cahill B8, AR TR R A D
R,

2

. 1 3
A.in (Chill) = kan3 (v +2v,) (6)

A ks NBURZESEEG n AL T2
vi NP FRPBGRSE ;s v NP T REBOE L .

Cahill BREOARH AR 54, A1 id L
A G BOR 2 FBOHEAM LT AR, L Cahill
R BRI RS 3 AR I R AR B L S MUE, T
DLPPAE AR SRR 3% 4 B TR
B EEL GV TR Gy, TR

(b)

P W Ce

Q@ Al

X\L-—Z

Fig. 7 Unit cell structure of second phases: (a) Al;Sr; (b) Al;;Ces; (¢) Mg,Si; (d) Sr;Ce
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F 4 AISilOMnMg A5 A BT UM & . ARRRBE R . PSR K AR

Table 4 Shear modulus, bulk modulus, acoustic wave velocity and thermal conductivity of second phase in AlSil0MnMg

aluminium alloy

Phase Gy/GPa By/GPa v/(ms™) v/(ms ™) Jmin(Cahill)/(W-m ™"k ™)
Mg,Si 45.134 53.245 7578.297 4780.492 1.219
Al Ces 47.642 74315 5710.934 3357.539 3.949

Al,Sr 34.699 51.784 5817.664 3477.110 1.702

SriCe 8.656 10.428 2488.379 1561.949 1.196

& By AT FRHRE. EREY, AlCes 1)
FRPERE ARG b HoAd U 8 (AL S R A
1M SrsCe f % . VLHITE AlSil1OMnMg & 4 Wi N
+: Ce AMUREA ZId /NI gk Si AR, T H A1
Al Ces X H & FRELIEAL, H2 St 5#it Ce
FIr ) Sr;Ce FRWERERZE, X Fh S-RE (&4
LG &SRR, B, fEAM Sty Ce 5%
RN GEEERFRSRNATR T, MR ERED
Sr. Ce JLEMIUNINE, FEHl& @tk &%cE, Xt
TRAGESHE, HlEmFH AlLSI & FHEE
IEF o

2.3 Sr+Ce EATFEXT AlSiloMnMg &€& HF M
REAYSZI
Bl 8 BT AR i 1. 2% AlSi10MnMg 4 4
JIEEPEREMIREIT . B 5E R B, Sr K Sr+Ce [N INHR
ATLARTHE S 2R . WIS, Sr+Ce H &

240

L= oy

2 [ o]

= [

= =
T T

o0
=
T
[ o]

Tensile strength/MPa
Elongation/%

=
=
=]

140—

—— g
Unmodified 0 0.02 004 0.06 0.08

0.05%Sr+x%Ce
8 AR S EXT IS AlSilOMnMg & 41 115
PEREI R0

Fig. 8

mechanical properties of cast AISilOMnMg aluminium

Effect of different modificater contents on

alloy

AR A R TR TG S PR R AR A, H Y
NI 0.05%S1+0.02%Ce i, 2 A28 5 &4
Pz om e MAAR TN 1) 160.78 MPa $2F+ 45 228.89
MPa. X T &EMKEMF, % Ce IMAEN 0.02%
i, AHKRIETFE 14.62%, AHE ARSI 1) 7.29%
HERERTE. eI, Sr+Ce A FAHEEA
B A IR ROR .

FHIERT L, 7E 0.05%Sr 25 (LAt Ein N —52
ML Ce SCHLE &AM I ERA IR &
AlSilOMnMg & 4 1) $it fv 58 FE Jo i K %
AlSi10MnMg & 4 /R 3 5 Si ok (1 FE S & 4 712
PEREA IR KRFEMT, ENMETEM, Si wIRg o Hh otk
B ERLUER . RETRE, G875 Sim
TESAM KA IR, B AFHIXEE St AHAAAE, 2
FEE R a( ADZER M3 BURE RSN
ZAHEREOC SR G & & I RE G H & BB
SRIEREAR: Zahi)s, & Si gyl Bgitt,
IRBLIRE MR LI ER, TR IS St A5 %
ESONAAE X SIS e K A S A iR N i S

o

o

9 B N AR A N4 0.05%Sr+0.02%Ce &
AL G AlSi10MnMg & &l SR . K2R
1] AISi10OMnMg & %W (LK 9(a)+ B A e
PEWTZLRFIE R RO S By, B LA
5. HTERTHEM AlSiIOMnMg &4, e
SURITE R B2 BT RPIR 3L & St ARAE , fE 20
ERBAMEWRE., 4 Sr+Ce HAZHEM
AlSi10MnMg & <7 H (LBl 9(b)) PLEBPEMT 2N
W R IR E S, Wi A e 2RI, P b
FURHETFLLVE R, A& B s, Xt i
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40 AR
B9 RAFMZ Sr+Ce B 522N AlSi10MnM 154 Wi
P2

Fig. 9 Fracture morphologies of AlSi1l0MnMg aluminium
alloy modified by Sr+Ce and unmodified: (a) Unmodified;

(b) Sr+Ce composite modification

Sr. Ce JLE MW &4 F 3 Si Al a(A)EFRL
BOHE, ML T ESREMAEMRE, & T

P IEA i
3 Zig
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AlSi10MnMg &4+ 38 Si B3, A AR T I A
%, Sr+Ce AL G A &AL KHR /3 fi Si 2
RUIR B HOR AT E a(AD)FEAE 2. A&
0.05%Sr+0.02%Ce s I N AL i AR fe i, Si AR
P, R S WInd AL Ce ¥ HIES I
fn Si AR TR -

2) £ 0.05%Sr+0.02%Ce & & & Ji J5 1
AlSilOMnMg &4, &4 T A LR AR I 1)

EEPRE T 14.86%, X% 181.68 W/(m-k). 145
REW], Sr+Ce HEAFGEET AN SrsCe &
SEEESFHRERBE, Fik, EARM Sty Ce %
RN GEEEESRMATR T, M ERD
Sr. Ce JLERE M INE .

3) £ 0.05%Sr+0.02%Ce B AE A& &K
PUhisR AL R BRI & St m T 42.4%, X3
22894 MPa; KRR ERM G &S T
101.5%, 152 14.62% . A5 (16 4 1 1 HR A7 7E B
R HETEWIRAHE, Sr+Ce HAL G & &M 4 H
DS, W PE W RLRH R AR I T BRI, &4
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REFERENCES

[11 £ = oK PRl Sa3R8aerirRSmE

HERE[T). #5id, 2019, 68(10): 1104—1110.
WANG Hui, LI Yuan-dong, LUO Xiao-mei, et al.
Development and research progress of high thermal
conductivity aluminum alloys[J]. Foundry, 2019, 68(10):
1104-1110.

[2] UTU I D, MITELEA 1, BORDEASU 1, et al. Effect of heat
treatment on corrosion and ultrasonic cavitation erosion
resistance of AlSi;oMnMg alloy[J]. Materials Testing, 2020,
62(9): 921-926.

[3]1 BEH, 20k, & M, % BRI Al-Me-Si &

BAL ARV RE IR, R R A BG4,
2021, 41(2): 168—173.
FAN Bo-yang, LI Yuan-dong, LI Xiang, et al. Effects of
w(Mg)/w(Si) ratio on microstructure, thermal and
mechanical properties of Al-Mg-Si alloys[J]. Special Casting
and Nonferrous Alloys, 2021, 41(2): 168—173.

[4] SZLANCSIK A, KINCSES D, ORBULOV I N. Mechanical
properties of AlSil0MnMg matrix syntactic foams filled
with lightweight expanded clay particles[J]. IOP Conference
Series: Materials Science and Engineering, 2020, 903(1):
012045-1-6.

[5] LIK,ZHANG J, CHEN X, et al. Microstructure evolution of
eutectic Si in Al-7Si binary alloy by heat treatment and its
effect on enhancing thermal conductivity[J]. Journal of
Materials Research and Technology, 2020, 9(4): 8780—8786.

[6] SAMUEL AM, DOTY H W, VALTIERRA 8, et al. Effect of

grain refining and Sr-modification interactions on the impact



H325H 2 W

HISCHR

&, P SrCe H A8 AT AISi10MnMg & 4x B2

IERE KA VERERI R 341

(7]

[9]

[10]

(1]

[12]

(13]

[14]

(15]

[16]

toughness of Al-Si-Mg cast alloys[J]. Materials and Design,
2013, 56(4): 264-273.

BIOK, JlE, ERK, 5. Sr A&FU Al-Si-Mg &<

Bl SRR SRS m[T]. $51E, 2017, 66(2):

122—-126.

MAO Wen-long, ZHOU Hai-tao, WANG Shun-cheng, et al.
Effects of Sr modification on the fluidity, mechanical
properties and thermal conductivity of as-cast Al-Si-Mg
alloy[J]. Casting, 2017, 66(2): 122-126.

T A PR, FOUR, & BIFIREIE ALSI GE
i&%%&ﬁ%‘ﬁﬁ%ﬁ‘]?ﬁﬂﬂ[ﬂ. MBI A (i 4, 2019,
39(9): 1016—1020.

WANG Hui, LUO Xiao-mei, LI Yuan-dong, et al. The effect
of solution temperature on the thermal conductivity and
mechanical properties of cast Al-Si alloys[J]. Special Casting
and Nonferrous Alloys, 2019, 39(9): 1016—1020

¥ 8, BN, . Ce+Sr HARTN ZLI01A 4
A MERERISZIRI]. BN T T2, 2010, 39(15): 34-37.
PENG Wei, HUANG Li-gang, SU Jing. Effect of Ce and Sr
compound modification on microstructure and properties of
ZL101A alloy[J]. Hot Working Technology, 2010, 39(15):
34-37.

WU D Y, KANG J, FENG Z H, et al. Utilizing a novel

modifier to realize multi-refinement and optimized heat

treatment of A356 alloy[J]. Journal of Alloys and
Compounds, 2019, 791(3): 628—640.
SHAMSUZZOHA M, HOGAN L M. The crystal

morphology of fibrous silicon in strontium-modified Al-Si
eutectic[J]. 1986, 54(4):
459-4717.

HUITRON C, VALDES E, VALTIERRA S, et al.

Philosophical Magazine A,

Encyclopedia of aluminum and its alloys[M]. Boca Raton:
CRC Press, 2018: 220-226.

MONDOLFO L F. Aluminium alloys structure and
properties]M]. London-Boston: Butter Worths, 1976: 35.
SHIN J S, KO S H, KIM K T. Development and
characterization of low-silicon cast aluminum alloys for
thermal dissipation[J]. Journal of Alloys and Compounds,
2015, 644(4): 673—686.

PARANJAPE M, PARANJAPE V. Effect of magnetic field
on electrical conduction in a superlattice[J]. Microelectronic
Engineering, 2000, 51/52: 227-233.

KLEMENS P G, WILLIANS R K. Thermal conductivity of

metals and alloys[J]. International Metals Reviews, 1986,

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

(25]

[26]

31(1): 197-215.

BT mS MBS SR R S AL D] 1
IRVE: “/u‘;T\/EIjﬁ_Ij(%, 2020.

GUO Yu. Design and preparation of high thermal
conductivity aluminum-silicon alloy and its thermal
conductivity mechanism[D]. Harbin: Harbin University of
Science and Technology, 2020.

SEBAIE O E, SAMUEL A M, SAMUEL F H, et al. The
effects of mischmetal, cooling rate and heat treatment on the
eutectic Si particle characteristics of A319.1, A356.2 and
A413.1
Engineering A, 2008, 480(1/2): 342-355.

BN, wakte, 375, S5 IRAEM AR A3S6 A
SHRGF M) HEA G ER, 2010, 20(11):
2112-2117.

Al-Si casting alloys[J]. Materials Science and

TANG Xiao-long, PENG Ji-hua, HUANG Fang-liang, et al.
Effect of mass fraction of mischmetal addition on the
microstructure of A356 aluminum alloy[J]. The Chinese
Journal of Nonferrous Metals, 2010, 20(11): 2112—-2117.
VAZQUEZ-LOPEZ C, CALDERON A, RODRIGUEZ M E,
et al. Influence of dendrite arm spacing on the thermal
conductivity of an aluminum-silicon casting alloy[J]. Journal
of Materials Research, 2000, 15(1): 85-91.

YIN Fu-cheng, SU Xu-ping, ZHANG Ping, et al. A
thermodynamic assessment of Ce-Al system[J]. Rare Metals,
2000, 19(4): 255-260.

JOACHIM G, ANDRES J, ARTEM K, et al. Phase diagrams
of advanced magnesium alloys containing Al, Ca, Sn, Sr, and
Mn[J]. JOM, 2008, 60(12): 32—38.

T, R, TR, EJI% Al-Si fl Mg-Al #4°F
BAR B RO R S GE M A 0], T A e R 4R,
2009, 19(12): 2074-2082.

MI Guang-bao, LI Pei-jie, HE Liang-ju. Residual bond
structure analysis of equilibrium phase diagram of Al-Si and
Mg-Al alloys under pressure condition[J]. The Chinese
Journal of Nonferrous Metals, 2009, 19(12): 2074-2082.
KOHN W, SHAM L J. Self-consistent equations including
exchange and correlation effects[J]. Physical Review, 1965,
140(4): A1133—-A1138.

PERDEW J P, BURKE K, ERNZERHOF M. Generalized
gradient approximation made simple[J]. Physical Review
Letters, 1996, 77(18): 3865—3868.

ANDERSON O L. A Simplified method for calculating the

Debye temperature from elastic constants[J]. Journal of



342 hEA O RYR 2022 42
Physics and Chemistry of Solids, 1963, 24(7): 909-917. Physical Review Letters, 2009, 102(3): 035901.

[27] CAHILL D G, POHL R O. Lattice vibrations and heat [29] LI C X, DUAN Y H, HI W C. Electronic structure, elastic
transport in crystals and glasses[J]. Annual Review of anisotropy, thermal conductivity and optical properties of
Physical Chemistry, 1988, 39(10): 93—121. calcium apatite Cas(PO4);X(X=F, Cl or Br)[J]. Journal of

[28] LIU X, FELDMAN J L, CAHILL D G, et al. High thermal Alloys and Compounds, 2015, 619(1): 66—77.

conductivity of a hydrogenated amorphous silicon film[J].

Effect of trace Sr+Ce compound modification on microstructure,
thermal conductivity and mechanical properties of
AlSi10MnMg alloy

LIU Wen-jingl, LI Yuan-dongl’ 2 SONG Zhao-xi', LUO Xiao-mei', YANG Hao-kun', BI Guang-lil’ 2

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Based on AlSilOMnMg Al-Si alloy, the effects of Sr+Ce compound modification on microstructure,
thermal conductivity and mechanical properties of AlSilOMnMg alloy were studied. The results show that the
addition of Sr and Ce can effectively improve the morphology and decrease the size and roundness of eutectic Si,
and improve the thermal conductivity and mechanical properties of AlSilOMnMg alloy. Compared with the
unmodified AlSi10MnMg alloy, the thermal conductivity of the alloy increases by 14.86% to 181.68 W/(m-K), the
tensile strength increases by 42.4% to 228.94 MPa, and the elongation increases by 101.5% to 14.62%, the
combination of thermal conductivity and mechanical properties is realized. However, when the rare-earth element
Ce exceeds 0.04% (mass fraction), the thermal conductivity and Mechanical properties of the alloy decrease. Based
on the modeling and optimization of the intermetallic compounds that may appear in the alloy after the composite
modification, the first-principles and Cahill model are used to calculate the thermal conductivity. It is found that the
Sr-RE intermetallic compounds in the alloy after the Sr+Ce composite modification can reduce the thermal
conductivity and mechanical properties of AlISi10MnMg alloy.

Key words: AlSil0OMnMg aluminum alloy; Sr+Ce compound modification; thermal conductivity; mechanical

property; first-principle
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