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RH), BEJS7E 300 °C(high temperature heat treat-
ment, HT) T XJFE S A [ B ] O HA kb 2 1t
Hb, RERFE AR A R B XA a2 PERERY
Wi, BEHL Al-7Si-0.4Mg &4 X4, B HAE 300 C
T TS, 7E 180 C (low temperature heat
treatment, LT) N #EATAN A0 (] Y PRI AL R, B4k
PACIR T 4055 2 firs).

F 1 TRERIENY (B0 (AL %)
Table 1.  Chemical compositions (weight percent) of the

experimental alloys (Unit: %).

Alloy Mg B La Sr Fe Si Al

Al-75i 0 0.024 0.04 0.02 025 7 Bal
Al-75i-0.4Mg 0.4 0.024 0.04 0.02 0.25 7 Bal

# 2 ALTSI Ml ALTSi-0.4Mg A AR E T 285
Table 2. Heat treatment process parameters for the Al-
7Si and Al-7Si-0.4Mg alloys.

Alloy  Process Temperature/C Time
SS 530 0h,05h,1h,1.5h,2h
AL-7Si T 500 0 min, 20 min, 40 min,
60 min, 80 min, 100 min
SS 530 0h,0.5h,1h,1.5h,2h
Al-7Si- 0 min, 20 min, 40 min,
0.4Mg HT 300 60 min, 80 min, 100 min
LT 180 0h,6h,12h

XA 4 ke S AT RS L 0k, SR IE R 1.5%
HC1+2.5 HNO3+1%HF+95%H,0 X} ¥ & i 17 5§
Pl (A T BT (SEM) X3 i Si JE SR
TR AR AT RAE; R 5 5T BB (TEM)
FAEA G AR RBEDT AR RT3 S b i
TR D60K RIECT 4 & Aok H S 2800 3 A
i, JFiE i Wiedemann-Franz & a8 #G K.
B A FE M I YE CBEREE (Vickers hardness, HV) Fl|
FH FM-700 S Sl B F b 4700 i, 847 0.1 kg. $
AR GB/T 228.1-2021 bR 1., = iEprff
RIS 2150 IR ELL 1 mm /min BHFHLT

3 X5
3.1 FAIEX ALTSIiEEAHAA R MR
220

Bl LA T3S ALTSEA S TR TR
(secondary electron imaging, SEI) FIfE (energy
dispersive spectroscopy, EDS) Zr #1445 4. I 1
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(a) AL TFER; (b) F: (c) BE; (d) K; (e) ;s () B2

Fig. 1. Secondary electron imaging and energy dispersive spectroscopy elemental distribution of as-cast Al-7Si alloy: (a) SEI;

(b) AlL; (c) Si; (d) Fe; (e) La; (f) Sr.

5 pm ¢

&l 2 Al-7Si A4 SEM E/%

99 5 pm

5y

(a) #575; (b) 530 °C & 1 h; (c) 530 °C ¥ 2 h; (d) %7, 300 C {7 80 min; (e) 530 C [

1 h &, 300 °C {475 80 min; (f) 530 C F¥ 2 h Ji, 300 °C {4 80 min

Fig. 2. SEM images of the Al-7Si alloy: (a) As-cast; (b) after solution treatment at 530 °C for 1 hour; (c) after solution treatment at
530 °C for 2 hours; (d) as-cast, then held at 300 °C for 80 minutes; (e) after solution treatment at 530 °C for 1 hour followed by
holding at 300 °C for 80 minutes; (f) after solution treatment at 530 °C for 2 hours followed by holding at 300 °C for 80 minutes.
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B 3 AL7SI A4 7E 300 C F AR 80 min Y KL FEURFBEIE TTE AT (a), (d) ZKHTFEUE; (b), (e) 45; (c), (f) i
Fig. 3. Secondary electron imaging and energy dispersive spectroscopy elemental distribution of Al-7Si alloy at 300 °C for
80 minutes: (a), (d) SEL (b), (e) Al (c), (f) Si.
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Fig. 4. Variations in thermal conductivity and hardness of Al-7Si alloy during heat treatment as a function of time: (a) Thermal
conductivity variation during solution treatment; (b) thermal conductivity variation during 300 °C isothermal heat treatment;
(¢) hardness variation during solution treatment; (d) hardness variation during 300 “C isothermal heat treatment.
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Fig. 5. Secondary electron imaging and energy dispersive spectroscopy elemental distribution of as-cast Al-7Si-0.4Mg alloy: (a) SEI;

(b) Al; (c) Si; (d) Fe; (e) La; (f) Sr; () Mg.
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Sym
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#l 6 Al-7Si-0.4Mg &4 1y SEM [Fl{%
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PrS‘(‘ipituted Si particles *
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(a) #7; (b) 530 °C [E% 1 h; (c) 530 °C [ 2 h; (d) %7, 300 °C #ik 80 min; (e) 530 °C

¥ 1 hJE, 300°C 43R 80 min; (f) 530 °C [#¥% 2 h 5, 300 °C £ 80 min

Fig. 6. SEM images of the Al-7Si-0.4Mg alloy: (a) As-cast; (b) after solution treatment at 530 °C for 1 hour; (c) after solution treat-
ment at 530 C for 2 hours; (d) as-cast, then held at 300 °C for 80 minutes; (e) after solution treatment at 530 °C for 1 hour fol-
lowed by holding at 300 °C for 80 minutes; (f) after solution treatment at 530 °C for 2 hours followed by holding at 300 °C for

80 minutes.

186403-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 18 (2025)

186403

Kl 6(f); 7E 300 C F AT b # s, 314 Si iy
JA B R o AL IR 2T R RUBERY Si k. [
RIHELS 300 °C UL BRIREI X} Al-7Si-0.4Mg &
4 0 TR B LS I BE 1 5 LA DL L 7. BT LA
Bl BEE BERTRIER, &8RRGS
Wi | O BE G I 7E 300 °C A TR HT
B B T SR A 2 AT SRR Wi T e, T
T J3E i 2 A Ak L () 1) E 4 2 B0 SR TH IS R Y
=k

% JE3] Al-7Si-0.4Mg A 4 £ 300 °C #1714
AEFRAHT I 23 A SR EE R I A I B, AHFSE IR
FTHE 300 °C AL A FEAE T, R B AR B

=
-3
(=)

(a)

Ju
D
=)

Thermal conductivity /(W-m~1K~1)
—-
o
<}

140

Solution time/h
90

0.5 0 0.5 1.0 1.5 2.0 2.

(c)

80

70

Hardness/HVO0.1

60

0 0.5 1.0 1.5 2.0
Solution time/h

(180 C) HFATHAL Bk i — 0 32 5 & A P R Y 7T
TPk 8t R RPIR S G 4 Pk e 147 D3t % B0
A AL-TSi-0.4Mg AT R R iR
BE DL K Behinim BE 43 58 162 W/ (m-K), 60.9 HV,
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Fig. 7. Variations in thermal conductivity and hardness of Al-7Si-0.4Mg alloy during heat treatment as a function of time:

(a) Thermal conductivity variation during solution treatment; (b) thermal conductivity variation during high-temperature isotherm-

al heat treatment; (c) hardness variation during solution treatment; (d) hardness variation during high-temperature isothermal heat

treatment.

%3 ALT7Si-0.4Mg iEE RSO B T 25 Mg
Table 3. Heat treatment process and properties of the Al-7Si-0.4Mg samples.

Heat treatment process

Thermal conductivity /(W-m K1)

Hardness/HV ~ Ultra tensile stress/MPa  Elongation/%

As-cast 162

SS1.5 h+HT60 min 185
SS1.5 h+HT60 min+LT6 h 183
SS1.5 h+HT60 min+LT12 h 189

60.9 169 6.25
62.9 176 8
79.5 206 6
73.5 186 5.75
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Fig. 8. Mechanical properties at room temperature of Al-
75i-0.4Mg alloy after different heat treatment processes.
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Y% J Mg, Si JCE 35 (b) =2 HAb B (530 °C [FA 1.5 h+300 C f#9E 60 min+180 °Cx6 h) HE 5 B W17 1% & Mg, Si L& /15 ;

(c) B" B B AR5 53 B UG e Al ML oA 4 AR A

Fig. 9. Representative TEM images of Al-7Si-0.4Mg alloy after different heat treatments: (a) Bright-field images, Mg element distri-

bution and Si element distribution of the double-step heat treatment samples (solution at 530 °C for 1.5 h+holding at 300 °C for

60 min); (b) bright-field image, Mg element distribution, Si element distribution of the triple-step heat treatment samples
(530 Cx1.5 h solution +300 Cx60 min+180 Cx6 h); (c) high resolution TEM images and corresponding FFT images of 8" and G’

phase.
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AE, RASARE B, T R4 XhREE, uy R EER
SiJrfFanAk AR RE; K o3k Si KT R, H
(1) ZCATH, T Ak fh SioAH R ISRk BAT 5L
R 2 T 8 R A% AR RE, S B0Z X Si 5T
VA JSE 65 e Al DXl PRI SR T I AR L A RS )N,
Si M BERAR. AL B R b I RE T N ]
1, Si Jt 1 DA i i BE DI (042 /AR ) Il B [XC
Sk, Bl gem b K A v e, DN S B
fm Si AIEIT SERAE. i St ERILA IR ) 2R
FI T ST RE A A —AH S DR A AR RERE IS, Rl
& Si PUkLRyERA, S5 ARSI AU, S H e
FEAG; RIRTFE RN, Si R HA R ] a] DL
TR | o TRV 2 25 X Te0 o o VA WSS L
R R 28 R AR F 1) ) s 3 T Ak B el 7 i Ji
T HA RO B, /N R S RURE R I /9
Si JR U, KOS Si Uk BRI i Si B F ik
K. P, SiJEi125 50 I/INBURLS™ 5l 2 R WORL, #x
AU NEURLIH R, IR . B PR N 8] 7Y
FEA, i SiBURL I OR# AR 2% X n] RESE: T RE
A LA S ORLZ R] Y 1] B RSOR B, e JBE A JHE 9l
/N, St Ll K BE B B S A Re YR AR 3 Si
WORL | 33X — i FEPITTHAE Y AE 52 K TR TH BEFE I
PR AR Bk gl g, PR3k St B0RLAE— € RST
R BT 2%
4.2  PAMEXT AL-Si GRS R IMIE
i Wiedemann-Franz & 22 1] 15, & 4

SR PR BOEASE, 0

A= LoT, 2)
b, NG LB H A, fEE R TR
I 93416 405 B 500 29, 0 e 3
T AR . e AR T, (2) 2Xnl ikl

A= Ko, 3
Hop KO8, RSIREAC, BN <o, Ak, &
JE L AR S F AR L, BRI

—~
g

oc=1/p. (4)
W45 T AR 3R 5 L BE =2 ) ) OG- T LA A6y
K = Mp. (5)

RIS PR B AT L3R fRUIA S 5 H BH B EE. AR A
Mattissen-Flemming J¢ & 2429 X} F BAEAR A A9
SIEAENN T, HABH AR A 2T

P = po+ pss + pa+ pgb + pp; (6)

K, p FalideJam I AT H BH A DTHR, py M A TT
FKT L BELA DTHR, pg R O X FELBELI BT, g, M
mn SN BB DTRR, o, S5 —AFX L BEL A TR

ARWFFE T H 450 AL-7Si-(0.4Mg) &4 N5k
J& HAEPAE I, R IREARTY, A &R R
R, HAFEHRERAR, 8 pg, 1 pg X454 FLBHAY BT
Bk AT Z AT 2627 PRt R B R R
[T %) 2% ot JR - LA B B A

XFT AL7Si-(0.4Mg) & 40 7, i Si B
AU IR E TR N & B SRR WA 4
() $H G R 6.28.20] S} (30 min) &35 40 B S 2 Al-
7Si A e VTR IGE A Y R R o-Al SR A
rh i St R B AR L. W E ) e R T
B R, 575 ALTSI A4 a-Al FER A [#
Vs Si Tl R AR . #E 530 C (30 min)
A AL BERT, o- Al SRR P b b AR FIRAS 1 S R
TR, G SRR T SR, A
B AL7SE B4 iR 2 Al-7Si-0.4Mg A4 5, b
& i A A, A4 rp Aty St B W ekk,
XA TE 4 SRR LR P20 (HACR 45 5%
W4 4 B S S5 i [ Pt (1) ) 0B 34 HH B0 B
R, H R R [t B R o i Si & AT
fift, AAPIT St RS R, MR T
THE, SECE SR HTE, SRR TR

7E 300 C TG & AT AL 3G B Tk
ROBEH, Si pgr i il 2, & 3 fnlEl 6 s, 3k
i Si BT HYRE S B AR  BEE ST & I RRIT, A
ML A 4 R PERE R T b, X5 T AL7SI-
0.4Mg 5 45, &1 —HIMAE IS & S oK R
(Mg, Si) FHAEE B R 3En, SXE—2REAIR T SE4K
t Mg, Si¥BTRIMREE, A F TSI ERE R3S .

4.3 PABRHE MgE5E£H1FEMHERN
=
R At Tl R 20 B

0 =00+ 0g + 04+ gy + 0p, (7)
K, o WEEBREE; S5 NS oy N2
XoF i B Tk, S I o R B TR X R R Y BT
Hk, 55 =0 o LR XTR BE A BTHR, SR DU oy, R
AT SR B A DTR, B S — 0 o, AT R G B
Y Tk
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M FASWE G AR S AT 8B TE, # og 1T
PIZIEATT. % Al-7Si-(0.4Mg) &4:#Ki, 78 300 °C
1180 °C N HEFTHAL BEXTA 4 SR /N B i A
INBZ I g, KT 4 R B TR I, T L 220 A
FEH A AR AR L) B N RO IR e &S|
E AR LA ST B B BN A A
FEAk. AL-7Si A4 AE 300 °C HAbFE A, Bk
B Si oG R KA B, T RO HOR ROBE ) Si 8t
i, MR/ B 5 5 A X6 5 45 B I 5Tk, S 3Lh
B FE R BE ARG AL-7Si-0.4Mg &4 7E 300 °C
S FRA) I, B A T T it o AR Ak B [ A S
B ARERE TR, FLR A N ZERVE B3, s T
BRI Mg JCE M Si e 2 IR T H I an
KRBERY BUFH, INTHE TG 4 OB SR, T
PACFRVE R, Bt I IR AE R T ) BV AHTT
GRVS R, G M 12 PERE R . 7E 180 € FXf
BT RS AL-7Si-0.4Mg & 419 )
SEPERE, H RO fEIXEE T, 300 CHET
BRI Mg JCE M Si Je 2 NI E BT
BRI B/ B, R Bt 25 $A Ak B S [ )
FER BT BRI BRI LA B A s, A
38 L YRR A 7 2R T & 4 iR

5 & W

AR SCUAAE L A5 S5 ATl ) 2 I AL-7Si
HRA AN G, PR T i Mg XA 5
S J12ErERe . RAMERR R R A, R
U

1) B JE7E 300 C T TR IALE A By T
PRI Si AyERAL, U/ 5T i - 7R AR B AR
0 195 8, TR AL-7Si 4 4 S IV RE AR T
KR B (A, 550 AL-7Si 4 48 1Y 3SR A
JE43510 170 W/ (m-K) Fil 45.2 HV, Al-7Si-0.4Mg
A4 162 W/(m-K) il 61 HV; 205 530 Cx
2 h [H ¥ +300 °Cx100 min M2 AL F S, Al-7Si
B 4 1 AT SR 43 1) A8 Ry 202 W/ (mK) il
39 HV, Al-7Si-0.4Mg & 4 BT R B2 43 31 0
192 W/(m-K) f1 49 HV, B & &R HG K
BB T, RS U] 4 2 R

2) 1E AL-7Si A & h i Mg(0.4%) Ja it
138 1 = RPN B TAE 5 Si kA, i
HLAB IR 9K R B A 37 S AL A AT H A TR

TCER [ B2 A RARG, DA [R]ERH 4 8 5 Y 0 2 1 e
FIFHERE. Al-7Si-0.4Mg A4 241 = HAUEHE (1H]
% 1.5 h+300 C f#{E 60 min+180 C & 12 h)
Ji H S RN A A F] 189 W/(m-K), 73.5 HV,
TR AL-7S1 A 400w Tt 11.2%, 62.6%.
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Effect of trace Mg and heat treatment on microstructure
and properties of Al-7Si alloy”
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Abstract

Al-Si alloys have been widely used in automotive, aerospace, electronics and communication industries due
to their excellent castability, low thermal expansion, and good wear and corrosion resistance. However, the
presence of coarse eutectic Si often results in relatively low thermal conductivity. With the rapid development
of the electronics and communication industries, the requirements for thermal conductivity and mechanical
properties of materials are increasing. In this study, the effects of heat treatment and minor Mg addition on the
microstructure, mechanical properties, and thermal conductivity of Al-7Si alloys are systematically investigated.

The results indicate that heat treatment at 300 “C after solution treatment promotes the spheroidization of
eutectic Si and reduces the solid solubility of solute atoms in the aluminum matrix, thereby enhancing the
thermal conductivity and reducing the hardness of the Al-7Si alloy. The three-step heat treatment process
(solution treatment 4300 °C treatment +180 C treatment) not only facilitates the spheroidization of eutectic
Si, but also induces the precipitation of nanoscale (Mg, Si) strengthening phases, further reducing the solid
solubility of solute elements in the Al-7Si alloy with 0.4%Mg addition. After the three-step heat treatment, the
Al-7Si-0.4Mg alloy reaches to 189 W/(m-K) in thermal conductivity and 73.5 HV in microhardness,
respectively, which are increased by 11.2% and 62.6% respectively, compared with the as-cast Al-7Si alloy.

According to the Wiedemann-Franz law and the Matthiessen-Fleming rule, the primary factors influencing
the thermal conductivity of alloys are solute atoms in solid solution and secondary phases. In this study, a
three-step heat treatment process is used to transform the plate-like eutectic silicon in the Al-7Si-0.4Mg alloy
into fine spherical particles. Additionally, micrometer-sized silicon particles and nanoscale (Mg, Si) precipitates
are induced within the alloy matrix. This microstructural modification simultaneously enhances the thermal
conductivity and mechanical properties of the alloy. Our work is expected to inspire the design of Al-Si alloy

with high strength and high conductivity.

Keywords: Al-Si alloy, microstructure, thermal conductivity, mechanical property
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