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EA5 A1, E RS Ze SR A1-20Si
G 475 SO H S R e ORI FAT) R L AR IE o 5
T b, ASCUEH LGS T A4 Al-20Si-xZr (x=0,
0.15, 0.3, 0.45, 0.6%) & 4, 101 WS A5t - 2H 21
HIARAL IR, S HT R Zr JeEX Al-20Si &4
AUR A e R R, DL 19 3 4 o R
Al-20Si-xZr &4 .
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S A SRS R I B DU )1 24 4l s R A
FRAF, RS SN Al20Si 54, A Zr
PL AL-10Zr RGN BRI R R (e Wk 1),

F 1 AL20Si G4EH AL-10Zr HFIRIA & R oy
Table 1 Chemical compositions of Al-20Si alloy and Al-10Zr

master alloy

Mass fraction/%

Material

Si Zr Cu Mn Fe impurity Al
Al-20Si 19.54 - 123 041 047 0.1 Bal.
Al-10Zr - 972 - - 0.01 0.1 Bal.

R SG2-7.5-10 BUHEPHI AR, # Al-20Si &4
7 740 CIHEALIFRIE 10~15 min. FLAZ 200 C TR
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RN, BEIRE 720 °C, #E 3~5min J5. EEHE
BOMNGE R C,Cl HATHE RS, # & 10~15 min, H\
B, KA ATEE A 200 C A B A AR AR E
GEREJE AR5 RSEN d 20 mm X 120 mm.

1.2 MLBLAMER K& eI

25— 7EBE AR EL R 20 mm A Y)E], FHH & S AL
B BERSAIT I, 1 0.5%HF MRJE 1 8~10 5.
FH%57] Axio Observer.Alm FHIF 8 &40 BBt a4,
FFH)H I H 7 A9 Micro-image Analysis & Process 4
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Fig. 1 Morphologies of primary Si in hypereutectic Al-20Si-xZr alloys: (a) Unmodified; (b) 0.15%Zr; (c) 0.3%Zr, (d) 0.45%Zr;

(e) 0.6%Zr; (f) Statistical average aspect ratio of primary silicon

T Zr A2 Al-20Si &4 i 5 S A S
T IME e AmZE I 2 Frsl. ST ARAR R AL-20Si &4,
WIAERE A ORI KA, e E KK
[Z. b Ze SEEm, HKAKE/HIT %
NREJE BT . X Ze BOINEA 0.3%I, WIARE
JF B R iARAE, FPIKE H 270 pm A4 BE S 110
pm A5, PR/ T 59.2%; PR BEREH 160 pm 7 A5 B
%90 um A7, LT 43.8%; KARLLEUEH 1.71 B¢
2 1.26, WOT 26.3%. XL EEERKEHITHIES
it RO A B AR R AR B . Y Ze WS
TN 0.3%K], A BCR BT, FEdn ik A B 20.6 pm
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Fig. 2 Morphologies of eutectic Si in hypereutectic Al-20Si-xZr alloys

(e) 0.6%Zr; (f) Statistical average length of eutectic silicon

F2 BTG Al-20Si-xZr & 4 HAIAE AR AN S AEAR 45 R
Table 2  Average sizes of primary Si phase and eutectic Si phase in Al-20Si-xZr alloy before and after modification

0 0.5 030
w(Z1)/%

0.45 0.60

: (a) Unmodified; (b) 0.15%Zr; (c) 0.3%Zr, (d) 0.45%Zr;

Material Length of primary silicon =~ Width of primary silicon =~ Aspect ratio of primary = Length of eutectic silicon
phase/pm phase/um silicon phase phase/um
Al-20Si 270.7£117.6 157.8489.3 1.71+0.7 20.6+6.1
Al-208i-0.15Zr 190.5+77.2 125.34£59.5 1.52+0.4 17.4+5.2
Al-208i-0.3Zr 109.8+48.1 87.2427.3 1.26+0.3 8.7+2.6
Al-208Si-0.45Zr 177.9+70.4 124.2+58.3 1.43+0.3 15.7+4.8
Al-208i-0.6Zr 317.2+106.4 188.4+67.5 1.68+0.5 16.9£5.3
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HOAL-20Si AEMEAEL, ASRA CERRIRE” /E A
5 T B R IR 3ol 5 o o a2 280 R 5 B 22 150 20
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A 22 3 )08 B B KAE, 325121 131.2 MPa A1 1.2%,
HARABFAHLG, 538N T 46.8%81 79.1%. 24 Zr 1)
ININE 2 0.45% 1 0.6% M), &4 MPihisE v 121.6 MPa
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BT 60
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Kl 4(a)~(e) ¥ Al-20Si-xZr &4 11 SEM 4. Fig. 3  Effects of various Zr additions on mechanical
4(a)r] W,, TERAZ TG S hr il Wy b A oK) properties of Al-20Si alloy
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Fig. 4 Fractographs in hypereutectic Al-20Si-xZr alloys with different Zr contents: (a) Unmodified; (b) 0.15%Zr; (c) 0.3%Zr;
(d) 0.45%Zr; (e) 0.6%Zr; (f) EDS results
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Element x/% w/%
Al 85.26 84.80
Si 14.737 15.20
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Energy/keV
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Al 31.093 20.01
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Fig. 5 Typical morphologies of second phase extracted from Al-20Si-xZr alloys: (a) Al-20Si; (b) Al-20Si-0.3Zr, (c) Al-20Si-0.6Zr
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Fig. 6 XRD patterns of Al-20Si-xZr alloys with different Zr

contents: (a) Al-20Si, Al-20Si-0.3Zr and Al-20Si-0.6Zr;

(b) Enlarged partial XRD pattern from 25° to 50°
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&7 Al-20Si-0.3Zr &4t EDS MK

Fig. 7 EDS mapping of Al-20Si-0.3Zr alloy: (a) SEM image; (b) Al; (c) Si; (d) Zr
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2) M7 Al-20Si &4 Zr BIRINEAN 0.3%0,
G REABIGAE 1R, Kyt ., ik
53 M MAAR T 1) 89.4 MPa 1 0.67% =% 132.1 MPa
I 1.2%, 34 47.8%F1 79.1%.
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Effect of trace zirconium addition on microstructure and
mechanical properties of hypereutectic Al-20Si alloy

HU Zhi-liu', HAN Zhen-yao', TANG Peng" 2, WANG Kang®

(1. School of Resources, Environment and Materials, Guangxi University, Nanning 530004, China;
2. Guangxi Key Laboratory of Processing for Non-ferrous Metal and Featured Materials,
Guangxi University, Nanning 530004, China;
3. School of Mechanical Engineering, Dongguan University of Technology, Dongguan 523000, China)

Abstract: In this research, the effects of different zircon additions(0.15%, 0.3%, 0.45%, 0.6%, mass fraction) on the
microstructure and mechanic properties of Al-20Si alloy were investigated using OM, SEM/EDS and XRD, and their
strength and hardness were measured. The results show that the phenomenon of microstructure modifications are
occurred when the zircon is added at trace amount. The coarse polyhedral and star like primary silicon are refined and
modified to small polyhedral shape as well as be spherized. When the zircon addition of Al-20Si alloy is 0.3%, the effect
of refine and modification is the most obvious. The length-diameter ratio of primary silicon is decreased from 1.71 to
1.26. The coarse silicon with flack/needle shape is changed to fine fiber shape dispersed on the matrix. The length of
eutectic silicon decreases from 20.6 um to 8.7 um. From the XRD patterns, the Al;SisZr; phase is formed owing to the
zircon addition of Al-20Si alloy. The ultimate tensile strength increases from 89.4 MPa to 132.1 MPa, by 47.8%, and the
elongation increases from 0.67% to 1.2%, by 79.1%. From the fracture surface, the promotions of mechanical properties
are due to the dispersion and pinning reinforcement caused by the addition of trace zircon.

Key words: Al-20Si alloy; trace zirconium; secondary phase; refine and modification; mechanical properties
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