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Abstract;: The thermal conductivity, thermal expansion and mechanical properties of casting Al-Si alloys were reg-
ulated by introducing Sc and Ti elements into Al-Si alloys, combining with short-time aging heat treatment at 180
‘C for 2 h or 220 C for 3 h. Effects of alloying elements and short-time aging treatment on the microstructure e-
volution of casting Al-Si alloy were investigated by optical microscope (OM), scanning electron microscope
(SEM), X-ray energy dispersive spectrometer (EDS), and the relationship between microstructure and thermal
conductivity, thermal expansion as well as mechanical properties of the alloy was established. The results indicate
that the increase of Si addition promotes the precipitation of the coarse primary Si phase, thereby weakening the
thermal conductivity and mechanical properties of the Al-Si alloy, while effectively inhibiting the thermal expan-
sion of the alloy. The addition of Sc or Ti can inhibit the coarsening of primary Si phase and refine secondary Si
phase, thus improving the tensile strength of Al-12Si alloy, which can also reduce the thermal expansion coeffi-
cient of Al-Si alloy. Short-time aging treatment can alleviate the segregation of elements, significantly improving
the thermal coefficient of Al-Si alloys, and reducing the thermal coefficient of Al-Si-(Sc, Ti) alloys.
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Fig.1 Schematic diagram of sampling process
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Fig.2 Metallographic structure of Al-Si alloys with various

short-time aging treatments
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Fig.3 Metallographic structure of Al-12Si-(Sc, Ti) alloys

with various short-time aging treatments
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Tab.1 Chemical composition of matrix, primary and secondary Si phases in Al-Si alloys under various heat treatments

. N . wp/ % . wp/ % . wp/ %

BURE I 2 4k B A I S (DA I S (A N S
Je 98.64 1.36 8.29 91.71
Al-8Si 180 CX2 h 100 0 28.93 71.07
220 CX 3 h 100 0 10.34 89.66
Je 100 0 1.71 98.29 8.52 91.48
Al-12Si 180 CX2 h BN 100 0 ¥4 SiH 1.75 98.5 WA Si M 17.23 82.77
220 CX 3 h 100 0 1.66 98.34 21.63 78.37
T 98.34 1.66 1.32 98.68 17.97 82.03
Al-20Si 180 CX2 h 98.44 1.56 1.3 98.7 34.02 68.98
220 CX 3 h 100 0 1.61 98.39 14.82 85.18
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Tab.2 Chemical composition of matrix, primary and secondary Si phases of Al-12Si-(Sc, Ti) alloys under various heat treatments

e WAL fE o/ % fir 8 /% fr @ /%
Al Si Hofl Al Si Hofs Al S HAb
¥ 97.90 1.70 0.40 2.71 96.76 0.53 3.14 96.18 0.68
Al-12Si-Sc 180 'C X2 h 97.98 1.56 0.46 2.04 97.47 0.49 8.03 91.67 0.03
220 CX 3 h Sk 98.37 1.09 0.54 Wk Si 2.37 97.10 0.53 Wk S 2.87 96.72 0.41
Jo 97.66 1.78 0.56 1.31 98.10 0.59 3.04 96.34 0.62
Al-12Si-Ti 180 C X2 h 98.02 1.31 0.67 1.65 97.99 0.36 2.43 96.59 0.98
220 CX 3 h 98.12 1.23 0.65 1.40 98.12 0.48 2.99 96.56 0.45
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Tensile curves of Al-Si-(Sc, Ti) alloys with various short-time aging treatments
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Fig.5 Heat conductivity of Al-Si-(Sc, Ti) alloys with various short-time aging treatments
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WA 2 R 3 AT AL ALSE A ST UIBE RS R R AL S 8 T AL12Si-(Se, TD &4 (4
FRONER AR S-S ALERADRME G F i 180 CH 220 C JE i I RCHA AL B2 5 I FA R K AR 2
B TEFI T .St AR IK R By (2.8~7.2) X10°° Han,
Kt A ATAR A PR Ik 22 800 23.6 X100 KT P M B TR 45 SR 2 WY, S IR S AL 3 T A 4R
BB ok . SAHTE AR LR PR B TATHLVE R . 3R B Si A T ALSE S &R S HERE Ha S HE &M A IK R
57 R A AL i SR T A T AR R B R Y OBk g L BRTR. TR ALI2SiE(Ses T & G 9 IR B0 R
A A PO K B Ak SR R . R AL20Si 4 AR IERIPEAT BIRIE ] ALL12Si-(Se. T 45 4 19 #A 82 JiK
F AL-8Si fil AIF12Si &4 B WR Mg ik Z 8. H B FE B B B R AR BT AL-12Si-(Se, T & 4
BT ALSE 4 4 HE AT 40 6 I AL AL B 2 )5, Al8Si,  IUREPERERALIY LG . JeOh . Se i Ti iy & & A
AL12Si fil AL-20Si &4 I Rkl 7 JHATRUIR] ALFL2SE 5 6 (9 B2 Ak 2 2, JEILR: Ti fY
TR R TR A SRR, Sea sk TEREINIE (R PT R G 6 00 X SRR R i A
5 AL A 2 [a) i 5 1T 43 50 A T 5 ¥, Bl ARG B 5] ALF12Si-(Se, TD &

Wb Se 8% Ti 4405 AL12Si-(Se, Th a4 = MK RECREET & S A XMl AL12Si & 4
HO R M R KOS 535 10 Se 3% TR AT R PMPIRITRECR AL
ALY STAT, S STATS ALZERR RIS ELLIAD 5y o
il Al-12Si-(Sc. TO A GRS . EI B L
IR AL RO S A KR ST IRRLAE . 5 AL & (R 1Y (1) I A 0 b B0 % AL-ST A 4 T ) 2 St A

581



Fefp i oA (05 &

2023 4F4H 43 B 5

L F) — i B ERALVE A ELxF ok R St AR A LB 1E A
(2)Sc 3% Ti XF Al-Si & 4 91 A IR A Si A 55
S B T P R AR AR A . LR AR R S AR AL A ) BR
k. 3R I 25 S I IS Ak B A B FE AR AL AR I 1A 3R B 4
GEIES N
(3)Si &A1 25 20RDEAL ALSE A 4 i %81
WAL Sc s Ti Al DUA R LR 91 4 Si A 1
Br i B TE ALL12Si & &g Sk
(4) % B B 254 #4388 0T A5 304 T ALL8SE & 4 1 9
PE X AL-12Si Fil AL-20Si 4 4 B 38 M 52 e R B I
BEAb 45 B B Ak B 6 AL-Si-(Sce, Ti) A 4 1 B Hi o
JEE WA B
(5) 4 isf B 5 A B AT DL TE ALSE A 4 1 5 3
ABJEXT AIF12Si-(Ses T G 4 B #0CF: 38 T K 1
ABACAERT BB G AR AT HLEIE ik 22 508
(6)Sc 3 # Ti X Al-Si &GRS 2P ALK, HE
A AR RN H AL-SE 4 4 Ik R
& % X #
[1] R, BRE . WER. IR A 45 A H A AR B % % B 52 0. o Bl ol
Fl#UFIE e 2F . 2021, 16(5); 438-450.
[2] JANICKI M, NAPIERALSKI A. Modelling electronic circuit radia-

&b
He
ab
He

tion cooling using analytical thermal model [ J]. Microelectronics
Journal, 2000,31(9-10): 781-785.

[3] ZWEBEN C. Advances in high-performance thermal management
materials: A review[]]. Journal of Advanced Materials, 2007, 39
(1) 3-10.

(4] @, sRF%, 2Rkl @ vk ne W 3L 5 68 i & 4 0 B 5T L 1. 61 BB
FEE R, 2017, 11(4) ; 236-230.

(5] ZEZ=x, Wik, 2ihF, . Al3B AR it R 6k & 4 00 il 4t
512 ERe ()] P EA AR 24, 2019,29(8) : 1 599-1 605.

(6] gkbekE, E5ik. 754 REEZ SR T BRI ]
FH A, 2018, 55(1); 18-25, 44.

[7] sWE], IMAN, 22600, 2. 7050-T7451 454 5 TR AR A $ ik
FRECE A A BT E A A4 R R, 2013,23(12) ¢ 3 282-
3 288.

(8] Zfk, RJ7H, ®E.FALFEX A390 84 4 1% KA Ik
RERRZ ML) ]I TR ~# 4. 2019, 26(6): 1-6.

[9] PEIC, CHEN C T, SUGANUMA K, et al. Thermal stability of
silver paste sintering on coated copper and aluminum substrates[]].
Journal of Electronic Materials, 2018, 47(1). 811-819.

[10] M X7, 4R4l, OIS, 4. Mg, Sc b #1514 & 5 R 1 2 1k Ak
52 LD .4 Fh s AT (5 4> 2019, 39(4): 353-356.

(1] AEHKR. o S BRI I 5 ik 8 5 2 M WP L DL iDL A BRI 2
2017.

[12] FHesc. M PRI Ik @& ik 4R & & A IF D1 iDL A B K2
2009.

L13] X005, TAame, R, 5. oot ) xd A8 4 ek 5 G 41 40 5 Mg
WAL LRI R 2224 CAABL2ERD » 2016, 37(1) : 34-38.

[14] Xz, AL T, Yot sixt ZAISi7TCuZMg & & %84 415 1 hk
ML LT, 2012, 41(19) : 70-72.

582

(151 RAMG, 2K %, Wik, %. AP 1l ALSTi & & 78 i 3k & i fE &
SR S IERELT ] AR B2 4 . 2021,42(6) : 52-58.

[16] HUR Z, GUO C, MA M L, A study on high strength, high plas-
ticity, non-heat treated die-cast aluminum alloy [ J ]. Materials,
2022, 15(1): 295-299.

[17] E&. e G ALSI G &0 H & R e sE (D], 220 .
MHLT K%, 2020.

(18] Rk, fetk, JAdH, % SR G & KRS G MR BT i
(D4R S48, 2018,32(9): 1 486-1 495.

[19] HUANG Y Y, HU Z L, WANG ] J. Research progress on the alu-
minum alloy with high thermal conductivity[J]. Applied Mechanics
and Materials, 2014, 574, 396-400.

[20] LUO G, ZHOU X, LI C,et al. A quantitative study on the interac-
tion between silicon content and heat treatment on thermal conduc-
tivity of Al-Si binary alloys[J]. International Journal of Metalcast-
ing, 2022, 16 1 585-1 594.

[21] IR R, H T, BRIERR AR 800 o ik 50 5 4 bR 2L R P RE 1
LT AR AR . 2005(2) 0 98-100.

(4% 35

K ]

| BUSASRAMBERNERR |
g SIMRALERELR 1
} A b E AR I T 2 et R 2 TR R SRR+

o BB IH A 60% LT 5 6 . i CIE s A
b AR SRR 2018 4F RO ) BT A A BB ]
TARBIA 77 FRAS Ik A0 H SRR L S R T L |
bR WL TR PR X R S R A T Ik BRI AT R
B B AR A UK 1

MR A 5 R e TR R R A0 R SURRE AT |
LRGBS U . R R RS E A |
bR I A S SR G ST R RS A, fE +
ARBTG5 5L 8 1L B
§ B B T H R B SRR R ) A e
LGURERL. [ BRI HOED % 0 O 1 R A ) AR L B
b 9 R TR 6 FR R AT R B
SR BT R A s K R AR e
IR P AR RGER O R R B SRR a A, ]
Do SEA S e I AT 4 VeI AR A A bR ]
b0 100% [ 4y FLRCA B 00 1R B 55 4 ) 1 R L R TR T 4
E RS S G ATRIRL. CRWEHERT LR B A S |
T KR4 M P 2 H R A 0 R R
b B BB B B L B 2R A BE A & BRI G
bR KU P LA B T L B AR
b T AT PR A0 98 96 3 F1 3 (2021 SR RO |
1P B A R B B Se LT bR i
b A e TBIIAY 1 P R B 64 A I ] |
TR A R R D A N R T A T
£ AR A A B R B BT A
1 33% M SR+ = R G T RCR T B BE A B MR |
bR BRI T T ARUBUB 0 TR 5 I B T 0
T T 7K T AR 8 e A T R R T
bR A A TS % B A AR
TR G B i
+ (HETEEEN) |

e veee e re e ee s s s s se e se e se e se e se s se e se s se e se—pse e re e



