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Effect of V Alloying on the Solidification Microstructure and Mechanical
Properties of Al-9Si Alloy

XI Weiguo, CHEN Xu, CHEN Ji, CHENG Jingfan, CAI Qizhou

(State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and
Technology, Wuhan 430074, China)

Abstract: The effect of V alloying on the solidification process, microstructure, and mechanical properties of an Al-9Si
alloy was investigated. The results show that when V is added to the Al-9Si alloy, the Si,V phase precipitates, but no AV
phase precipitates, and V has no obvious effect on the precipitation temperature of the primary a-Al. With increasing V
content, the nucleation temperature and supercooling of the primary «-Al particles in the Al-9Si alloy increase
simultaneously. By adding 0.4 wt. %V, the nucleation increases from 607.5 ‘C for Al-9Si to 612.6 ‘C, and the
supercooling increases from 24 ‘C to 27.1 ‘C. With increasing V content, the nucleation temperature slightly increases, but
the nucleation supercooling slightly decreases. A transition from columnar to equiaxed growth occurs when V is added to
the Al-9Si alloy. The a-Al grain size of the Al-9Si-0.4V alloy is refined from 593 pm for Al-9Si to 302 wm. V has no
modifying effect on the eutectic Si, but V could cause the transformation of needle-shaped 3-AlsFeSi to fishbone-shaped
Al};(Fe,V);Si. The tensile strength, yield strength and elongation of the 0.6 wt. % Sb-modified Al-9Si-0.4V alloy are
153.9 MPa, 78.5 MPa and 6.56%, respectively, which are 23.8%, 14.1% and 102.4% greater than those of the Al-9Si alloy.
The hardness increases from 47.3 HV to 59.1 HV. The fracture morphology of the Al-9Si alloy is composed of tearing
edges and cleavage steps, while the cleavage steps of the Al-9Si-0.4V-0.6Sb alloy are significantly reduced, the tearing
edges become denser, and dimples with eutectic Si as the center appear, revealing mixed fracture features.
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Fig.1 Metal mold and sample: (a) metal mold, (b) sample
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R1 Al1-9Si—xVE & ZBRELS
Tab.1 Composition of the Al-9Si-xV alloy
(mass fraction/%)

Alloy Si \Y Fe Al
Al-9Si 9.1 - 0.19 Bal.
Al-9Si-0.2V 9.0 0.19 0.16 Bal.
Al-9Si-0.4V 8.9 0.41 0.17 Bal.
Al-9Si-0.6V 9.1 0.58 0.18 Bal.
Al-9Si-0.8V 8.8 0.77 0.16 Bal.
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Fig.2 Size diagram of the tensile specimen
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Fig.3 Vertical section of the Al-rich angle in the ternary phase diagram of Al-Si-V: (a) Al-9Si-xV (x: 0~1),
(b) Al-0.4V-xSi (x: 0~5)
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Bl 4 AL9Si & &R M2k . (a) AL9SE &4 — B 5 . B Sl £k, (b) AL9Si«V A 4 2 A il £&
Fig.4 Solidification curves of the Al-9Si alloy: (a) first and second derivative curves of the Al-9Si alloy, (b) cooling curve of the
Al-9Si-xV alloy
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Tab.2 Characteristic parameters of the a—Al and Al-Si
eutectic in the Al-9Si alloy

Characteristic temperature Temperature description
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Al-Si
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AL-Si S i 19 2 1
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Tab.3 Characteristic temperature of the a—Al nucleation
process with different V additions

wy% e Ve At Ve artre
0 607.5 5835 24 585.9 24
0.2 609.0 5840 25 585.6 1.6
0.4 612.6 5855 27.1 586.1 0.5
0.6 6129 5863 26.6 587.2 0.9
0.8 613.7 5877 26 589.0 1.4

KRATBAVHANET AI-Si £ RN EHERE
Tab.4 Characteristic temperature of the Al-Si eutectic
stage with different V additions

w(V)/% 7 rc 7.7 rc e An”c
0 576.1 565.2 565.4 02
02 576.0 565.1 565.2 0.1
0.4 5763 565.8 566.3 0.4
0.6 5762 566.0 566.5 05
0.8 575.8 565.4 565.5 0.1
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Fig.5 XRD patterns of Al-9Si alloys with different V additions
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(f) 0.4%V +0.6%Sb
Fig.6 Primary a-Al dendrites of Al-9Si alloy with different V and Sb additions: (a) 0 wt. %V, (b) 0.2 wt. %V, (¢) 0.4 wt. %V,
(d) 0.6 wt. %V, (¢) 0.8 wt. %V, (f) 0.4 wt. %V +0.6 wt. %Sb
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Fig.7 Grain size of Al-9Si alloy with different V additions
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Fig.8 Eutectic microstructure morphology of Al-9Si alloy with different V additions and Sb modifications: (a) 0 wt. %V,
(b) 0.2 wt. %V, (c) 0.4 wt. %V, (d) 0.6 wt. %V, (e) 0.8 wt. %V, (f) 0.4 wt. %V+0.6 wt. %Sb

B9 AL-9Si A 4 R il AL S RETE 5L . () A1-9Si, (b) Al-9Si-0.4V
Fig.9 Deep corrosion eutectic silicon morphology of the Al-9Si alloy: (a) Al-9Si, (b) Al-9Si-0.4V
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[ 10 Al-9Si il Al-9Si-0.4V 4 4 BSE %4141 . (a~b) Al-9Si, (c~¢) Al-9Si-0.4V
Fig.10 BSE images of the Al-9Si and Al-9Si-0.4V alloys: (a~b) Al-9Si, (c~e) Al-9Si-0.4V
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Tab.5 EDS analysis of the phases in Fig.10
(atomic percent/%)

Point Al Si Fe \% Phase
1 75.48 12.67 11.84 0.00 B-AlsFeSi
2 82.97 4.70 2.07 10.26  Alp(Fe, V);Si
3 5.58 61.21 0.00 33.21 Si,V
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Fig.11 Tensile properties of unmodified and modified Al-9Si
alloys

T BT R RE Y fE 5

K Sb X} Al-9Si-04V & 4 1 i Si 4748 i
ARFR HATR 58 e Al AR R 153.9 MPa
78.5 MPa Fil 6.56%, %% Al-9Si-0.4V & &/l E 1
15.3% .7.1%1 55.5% ., HULel 0L, ZEdn v 401k
AlL9Si B E VI o-Al IR, 75280 4 5 Si 47
AR AR B DAARAS AP LR TR RE MRS TR A
WK

Kl 12 N Al-9Si Al-9Si-0.4V  Al-9Si-0.4V-0.6Sb
B 4 WP T 11 48 T 1 DA IBT 122 W] DA M R ok
B AR PRW O A U Wi, I HAEEE K
DG T LA KA B 5 B B, i TR A AR
RAG A SV R AL IR Z A, SRR STk fR kb 2
AR AL RN BT AR . & 0.4%V 5 4 B
FT(E 12b) [R1FE F #9 24b A i BE 5 44 B, 1 52 80 4
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BEEET 11.2%, 1 Al-9Si-0.4V-0.6Sb & 4 i i
7 58.1 HV, ¢ Al-9Si-0.4V & & B & T 13.5%,

K6 RTRETRAI-SIAE B MERE
Tab.6 Microhardness of unmodified and modified
Al-9Si alloys

Alloy Al-9Si  Al-9Si-0.4V  Al-9Si-0.4V-0.6Sb
Vickers hardness(HV)  47.3+2 52.6+2.3 59.1+2
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B 12 AR AR i A1-9Si A 4 BT 154« (a) Al1-9Si, (b) Al-9Si-0.4V, (c) Al-9Si-0.4V-0.6Sb
Fig.12 Fracture morphology of unmodified and modified Al-9Si alloys: (a) Al-9Si, (b) Al-9Si-0.4V, (c) Al-9Si-0.4V-0.6Sb
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Brib & vV G SV, 1ML Al 5 VLS,
V BINXT Al-9Si A & 014 a-Al BT H TR A A B
I ek TG B S 5

QBEHE V EIIN, B14 o-Al BIIE IR E I
¥ a3 & BE W A I, 0.4%V B A% IR R R 3 v
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