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Fig.1 Schematic diagrams of die-casting specimen: (a) 3D figure
of die-casting specimen and (b) 3D figure and dimensions
of the ladder-shaped plates (the research object of this

paper)
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Table 1 Parameters of die casting

Pouring Mold Slow shot
temperature/C temperature/C velocity/m-s™
685 150 0.2

R2 EHEEERHEIESETEMNS (XRF LNE)
Table 2 Chemical composition of the die-casting alloys
(XREF result) (o/%)

Magnesium alloys Al Zn Mn Si Ca Mg
AZ91 921 0.83 0.30 0.09 - Bal.
AZ91-1.58i-0.4Ca 933 0.67 028 155 0.39 Bal
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Fig.2 Dimensions of tensile samples (national standard references):
(a) tensile sample at room temperature (GB/T 228-2002);
(b) tensile samples with different section thickness at 180

C (GB/T 4338-2006)
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Fig.3 Solidification rate of the whole die-casting specimen (a), temperature vs time curves (b), and

solidification rate vs time curves of the marked points (c)
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Fig.4 Microstructures of AZ91 with different section thickness: (a) 1.5 mm, (b) 3 mm, (c¢) 4.5 mm, and (d) 6 mm
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Fig.5 Microstructures of AZ91-1.5Si-0.4Ca with different section thickness: (a) 1.5 mm, (b) 3 mm, (c) 4.5 mm, and (d) 6 mm
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Fig.6 XRD patterns of AZ91 (a) and AZ91-1.5Si-0.4Ca (b)
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Fig.7 SEM images (a, d) and EDS results of specimen with section thickness of 1.5 mm: (b, ¢) distribution of Si and

(c, f) distribution of Ca
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Fig.8 SEM images (a, d) and EDS results of specimen with section thickness of 3.0 mm: (b, e) distribution of Si and

(c, f) distribution of Ca
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Fig.9 SEM images (a, d) and EDS results of specimen with section thickness of 4.5 mm: (b, e) distribution of Si and

(c, f) distribution of Ca
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Fig.10 SEM images (a, d) and EDS results of specimen with section thickness of 6.0 mm: (b, e) distribution of Si

and (c, f) distribution of Ca
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Fig.11 Tensile-test results of AZ91 and AZ91-1.5Si-0.4Ca at room temperature: (a) tensile strength, (b) yield strength, and (c) elongation
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Fig.12 Tensile-fracture morphologies of AZ91 with different section thickness at room temperature:

(a) 1.5 mm, (b) 3 mm, (c) 4.5 mm, and (d) 6 mm
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Fig.13 Tensile-fracture morphologies of AZ91-1.5Si-0.4Ca with different section thickness at room temperature:
(a) 1.5 mm, (b) 3 mm, (¢) 4.5 mm, and (d) 6 mm
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Fig.14 Tensile-test results of AZ91 and AZ91-1.5Si-0.4Ca at 180 °C: (a) tensile strength, (b) yield strength, and (c) elongation
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Fig.15 Tensile-fracture morphologies of AZ91 with different section thickness at 180 C:
(a) 1.5 mm, (b) 3.0 mm, (c) 4.5 mm, and (d) 6.0 mm
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Fig.16 Tensile-fracture morphologies of AZ91-1.5Si-0.4Ca with different section thickness at 180 C:
(a) 1.5 mm, (b) 3.0 mm, (¢) 4.5 mm, and (d) 6.0 mm
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WG % K AZ91-1.58i-0.4Ca, FHAHE 9%, H 4L
PRYA, R Ikt I 5 T 230 1, G i R PR A A 3
f AU Si TR Mg i AN RRE SN, S AEL
i Mg,Si HHEEE 2, DT TR I i Mg,Si AR A
XD o
244 EHRAER (BPEERE) AT AHF RS

s B AR 1 BE JEL ekl BRI R B, S ECT
AZ91-1.58i-0.4Ca Fl AZ91 =36 % 180 C Jy2thfe
CPLBrom e Ju s B2 A K 30D Rz 38w, 0T
AZ9N MM, HEJE kN O 2 0, I R4 Ak
AR AR TS T R T
AZ91-1.5Si-0.4Ca T 55, B¥ JE ol /)N /% [l 2 19 I, Bk
T RRRLA A P AR A R A RN A, T R R
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CHEARIET AZ91, BIEMERRAR, At bin, X
55 Yuan®®, )P (R 5 g SR, (5 I 2 R,
Kim!"212 N (R 50 45 AR . BF5TR T, Mg,Si AH)E
THaREAH, Ca JCEX T84 &M &5 2 8 TG Mkt
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Mg,Si ERAFAE, HAFAESRIL WL Me,Si AHAIE
b MgoSi BFIEA; Ca LB LU A7

3) BEAE 5 AR SRk /), e B AR 38 0, 2 Fh
G BRI — 2 ok gt #, AZ91-1.58i-0.4Ca
H) MgoSi AH B LR 1R 22 30 T8 S D02 4R 1 4 /N 22 3
T UKL R 6 e 7%

4) BEJEyCN CHPBERE R D S350 2 i &4k
FER =R AT 180 C i 2= PEREMS N, AZ91-1.5Si-0.4Ca
FURAN 180 ComAESZEEJE CHIEEE HE A 5w KT
AZ91, i A8 52 BE JE CRIV B[] 194 ) 52 ) /N T~ AZ91;
T LA 5 B JEL CR 8% ] 330 % ) 46/, AZ91-1.58i-0.4Ca
(2 A 180 CHHKFEALT AZ9L1, WrZE LS5 )
B[R

5) HEEE/NT 2.5 mm B, AZ91-1.5Si-0.4Ca [
180 CHmE T AZ91: HEEJZ/NT 3 mm I, AZ91-
1.58i-0.4Ca [ =R AL = T AZ91.
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Effect of Solidification Rate on Microstructure and Mechanical Properties
of Die Casting AZ91-1.5Si-0.4Ca Magnesium Alloy

You Guogiang'?, Ming Yue',Yan Peng ', Ma Xiaoli', Tong Banghua’
(1. Chongqing University, Chongqing 400044, China)
(2. National Engineering Research Center for Magnesium Alloy Materials, Chongqing 400030, China)
(3. Nanchong Zhaoqing Machinery Manufacturing Co. Ltd, Nanchong 637800, China)

Abstract: Specimens of AZ91-1.5Si-0.4Ca and AZ91 with different section thickness were prepared by HPDC (high pressure die-casting).
The solidification rate of the HPDC specimens was numerically simulated. The microstructure, tensile properties and fracture
morphology at the ambient temperature and 180 °C of the specimens were investigated. The results show that Si and Mg form Mg,Si phase
and Ca mainly dissolves in the matrix. Besides, Si and Ca have some effect on grain refinement of the Mg matrix. With the increase in
solidification rate, the Mg,Si phase in AZ91-1.5Si-0.4Ca turns from bulky polygons and Chinese script type to fine polygons and short rod.
The mechanical properties of AZ91-1.5Si-0.4Ca and AZ91 at ambient temperature and 180 °C increase with the increase of solidification
rate. The influence of section thickness on tensile strength of AZ91-1.5Si-0.4Ca is greater than that of AZ91, but the influence on
elongation is less than that of AZ91. Furthermore, the tensile strength of AZ91-1.5Si-0.4Ca at 180 °C is higher than that of AZ91 when the
section thickness is less than 2.5 mm, and the tensile strength of AZ91-1.5Si-0.4Ca at ambient temperature is higher than that of AZ91
when the section thickness is less than 3 mm.

Key words: AZ91-1.5Si-0.4Ca; solidification rate; HPDC; microstructure; mechanical property
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