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Fig. 1 Optical microstructures of Al-22Si-10Niand Al-22Si-10Ni-0.5Mg alloys

Al-228i-10Ni
Al-228i-10Ni-0.5Mg

P E R AR Y am
EEEEE

=

Sitl
(a) Sit
B2 FEMgE=E SitE (a) FIALNITE (b) HSFIHMIESI SRR
Fig. 2 Average grain area of Si (a) and Al;Ni (b ) as cast and heat treated states with different Mg addition contents
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Fig. 3 XRD diffraction patterns of as heat-treated Al-22Si-10Ni alloys
with different Mg addition contents
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Table 1 EDS point analysis results of phases denoted by A
to D (Fig. 4a) in as-cast Al-22Si-10Ni-1Mg alloy

PiE Al/at.% Si/at.% Ni/at.% Mg/at.%
A 65.51 19.96 249 12.04
B 64.58 19.18 2.93 13.31
C 72.25 1.46 26.29 0
D 64.76 33.72 1.52 0
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Fig. 4 SEM images of Al-22Si-10Ni-1Mg alloy

B0, EEASEL/NE EHBEHEH TR, Al-22Si-
1ONIEEEMZE#129.9 W/ (m-K), 7I00.1%MghT
FHEI136 W/ (m-K), i#&000.5%Mgfs, &SR
B TRFEZE130.3 W/ (m-K), MgEEIBNEIR2%EE
SHHERTER123.5 W/ (m-K) (El5a) . H83Im
=, MgUSSRIWIKRHZIIATEE, 25~100 CBHE
HNHEIIRE K RE097E13 x 109 K2 (Esb) » 1B
BEETENRE, MOWEEEERNFZIEAEE, 0
0.5%MgfSIEEMNHV 12632 FHEIHV 144, 1277 14%.
HEEIMofE, BESURERAT, I, MgaIinA
XFAI-22Si-10NiFF ERERISZMBER/N, (BRI LASCINETE
ERERF. HPMgEE R0 5% RN EMENES
PEBE, SRIAAI-S0SIE S EEELM,

2 ok 170

T ="

= 160 p 220 160 |

g= o e—o 2

=0t < 16} 2 150

= = - o )l

= sof ﬁ 12 =

¥ e

: .l ol | 130

0700 05 10 15 20 00 05 10 15 20 =555 10 15 290
Mg it Mg it Mg it

(a) #Gx% (b) #Eik 7251 (c) fifijig

E5 Mg&EXAI-22Si-10Nia £ A B HERERIE/1
Fig. 5 Effect of Mg content on thermal conductivity of as heat-treated Al-22Si-10Ni alloy
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Fig. 6 Solidification analysis curves of Al-22Si-10Ni alloy with different Mg addition contents
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Table 2 Precipitation temperature of each phase in the
solidification heat analysis curve of Al-22Si-10Ni alloy

withdifferent Mg addition contents <
GE sy Si ALNi  AI-Si-Ni  Al-Si-Mg
Al-22Si-10Ni 745 627 567
Al-22Si-10Ni-0.5Mg 745 612 567

Al-22Si-10Ni-2Mg 726 628 567 542
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Effect of Mg on Microstructure and Thermal Properties of the Al-22Si-
10Ni Alloy

LI Peng-yu, ZHANG Yu-lu, LI Yi-geng, SUI Ming-ran, NAN Shao-jun, DU Jun
(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, Guangdong, China)

Abstract:

Al-22Si-10Ni alloy possesses high thermal conductivity and low thermal expansion properties. However,
its hardness is relatively low. In this paper, Mg element was added to study the effect on the solidification
structure and thermal properties of the Al-22Si-10Ni alloy. The addition of Mg mainly affected the final
solidification process of the alloy, which changed from Al-Si-Al;Ni ternary eutectic reaction to Al-Si-Mg,Si
ternary eutectic reaction. Heat treatment promoted the precipitation of Mg,Si, and the thermal conductivity
of Al-22Si-10Ni alloy increased slightly by adding small amount of Mg, then decreased gently as the content
increased further. The addition of Mg could significantly improve the hardness while having little effect on
the thermal expansion coefficient of the alloy. AlI-22Si-10Ni-0.5Mg alloy exhibited excellent comprehensive
properties. Thermal conductivity was 127.8 W/(m - K) at room temperature, the average thermal expansion
coefficient was about 13x10° /K at 25-100 °C , and the HV hardness reached 144. The performance of Al-22Si-
10Ni-0.5Mg was comparable to the current commercial Al-50Si alloys in the electronic packaging industry.

Key words:
Al-22Si-10Ni alloy; solidification characteristic; thermal conductivity; thermal expansion coefficient; hardness
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