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Fig.1 Schematic diagram of tensile samples (mm)
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Fig.2 SEM images of as-cast high silicon aluminum alloy with different RE additions: (a) 0%, (b) 0.3%, (c) 0.6%, and (d) 0.9%
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Fig.3 Optical microstructures of high silicon aluminum alloy:
(a) without modification and (b) complex modification

with P-RE
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Fig.4 EDS spectrum of the white acicular precipitated phase as

shown in Fig.2b
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Fig.5 SEM image (a) and element map scanning of Al (b), Ce (c), La (d), Cu (e), Ni (f), Si (g), Mn (h) for high silicon aluminum alloy



%11 B AR, WX Al-20Si-2Cu-1Ni 4554 2 AR M RE I

= 3007 -

R, AT LOHIWr Ak 2 b OB AR B T RE

AGY = AGLg +RT Ina (L
KA, AGY ZARHE Gibbs H HIBEMIAE L, J5 R JZH 3L,
8.314 J/K; T Z&FAJJ 2k s a 52 S ML) AN A BV
ILEAE ; AGheg /% 298 K T 1 Gibbs [ Hifig, o LA
A (2) 53

AGZHQS = AH2698 _TASggs (2
AH Sog 1 ASbg 73 I 271 S S 1 AN A8 4k, AT 3@ I 24
X (3 M (4 157

Ao = > (0 H e CERAD) = > (0 H{p00) 224) (3)

ASges = Z(ni S{o08) (L) — Z(ni Sio0g) R 24) (4)
SR, ng IR B BE AR 525 HY g T SY o
R AR RS T RS AR, W 1.

Fi ot Ce IIANE] Al-18%Si &4, BT R
Kb 7 () 3 FE PP AT i 5 A7 AE LT 2 0,

Ce+2Al+2Si=Al,Si,Ce (5)
Ce+4Al=Al,Ce (6)
Ce+4Si=Si,Ce 7

R S S (6), PTRATFE H 1073 K R, & &M%
Erm A 0.05%Ce J5., trifE Gibbs H HAE L L E
AGfy;,=-144838 J<0. X UiHi, 7EMKT 1073 K T,
(6) X ML AT LA R B ML [ A kAT . s b, T RO
(B)FI(7) 5 S (6) A AL, BT ATEAR T 1073 K (13 FE
FAF T WAL A KT . RIEE 4 RE (b &P
Iy B He bl 2 E T, Si Ml RE (Ce+la) MR Eb
YN 2:1. SEEZRENTE SR M, T el %A
BN ALSILRE. HE 4 fIE 5 KM, % RE L&
Y& —E BB CuM NI TR X EELHT RE
5 Cu. Ni MR HAEREN, MM fdiss Cu Al Ni
JCE [ VE T ALSILRE 1 &9 B

B BA o BT T 0, RE 25 48 fh it e it ek 28 o R4
R RE L&Y HIEmLEL AR : RE 7E Al A1 Si A H 11
(] 7 FEE Wl /0, (] T 7 T T BT R AR A, U
TN EEZE, BT L E R, w A AT
TR 53 50 L8 B 22 0 3t o TE IR AL SIRE f6
EW, AR A RN B O, TR ) 55 6] 3 A
A AER . W 2d ATLEH, A4+ RE AR
0.9%FF, £tk ALSIL,RE (L &Y B 2, I MaE AR

x1 RNANZERIE

Table 1 Thermodynamic data of different materials
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Fig.6 Variation of tensile strength and elongation of high silicon

aluminum alloy with different RE additions



i 45 %

+ 3008 * WA SRR T
L1
L3
S
S
L2

RE Content

Bl 7 FEEEERT RE ALE P00 Bt b i 5 R - 2 1 2 i o = 1

Fig.7 Schematic diagram of effects of eutectic silicon and RE-
containing compound on strength and elongation (L1 is
variation trend of mechanical properties affected by
eutectic silicon; L2 is variation trend of mechanical
properties affected by RE compounds; L3 is variation
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silicon and RE compounds)
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Effects of RE on Microstructures and Properties of Al-20Si-2Cu-1Ni Aluminum Alloy

Zhong Gu?*, Wu Zhibin®, Wu Shusen?, Nagaumi Hiromi*
(1. Suzhou Research Institute for Nonferrous Metals Company Limited, Suzhou 215026, China)
(2. State Key Laboratory of Materials Processing and Die & Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The effects of Ce-rich Rare Earth (RE) on modification of eutectic silicon, formation of RE compound, and mechanical
properties of Al-20Si-2Cu-1Ni high silicon aluminum alloy have been studied by optical microscope (OM), scanning electron microscopy
(SEM), and energy dispersive spectrometry (EDS). The mechanism was also discussed. The results show that, RE can modify eutectic
silicon effectively which show better modification with increasing amounts of RE. While it also causes the formation of needle-like RE
compounds, which increase in quantity with more RE. The mechanism of eutectic silicon modification is that the growth of eutectic silicon
is hindered by the RE elements enriched at solidification front. But the excess RE will lead to the formation of acicular Al.Si;RE
compound containing a few solutions of Cu and Ni elements which can offset partially the improvement of mechanical properties
contributed by eutectic silicon modification. As a result, the mechanical performances of this alloy decrease with more acicular Al,;Si,RE
compounds. With addition of 0.6% RE to the melt, the tensile strength and elongation of cast high silicon aluminum alloy reach maximum
values which are improved by 33% and 230%, respectively, compared to the case without RE.

Key words: high silicon aluminum alloy; eutectic silicon; modification; RE-containing compound; mechanical properties
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