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® 1  JKST¯°® 

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 
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temperature/p 

Slow shot 
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Table 2  Chemical composition of the die-casting alloys 

(XRF result) (ω/%)  

Magnesium alloys Al Zn Mn Si Ca Mg 

AZ91 9.21 0.83 0.30 0.09 - Bal. 

AZ91-1.5Si-0.4Ca 9.33 0.67 0.28 1.55 0.39 Bal. 
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® 2  qrST±² 

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 

p (GB/T 4338-2006) 
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® 3  JKSTYZ[\µ¶�`·¸¹Pªº-nO»¼�ªº-YZ[\»¼ 

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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® 4  ½¾aNP AZ91hijk 

Fig.4  Microstructures of AZ91 with different section thickness: (a) 1.5 mm, (b) 3 mm, (c) 4.5 mm, and (d) 6 mm 

0 2 4 6 8 10 12

400

450

500

550

600

650

700

 

 

T
e
m
p
e
r
a
t
u
r
e
/
�

Time/s

A

B

C

1.5 mm 3 mm 4.5 mm 6 mm

b

0 2 4 6 8 10 12

0

50

100

150

200

250

 

S
o

l
i
d
i
f
i
c
a
t
i
o
n

 
R

a
t
e
/
�
·
s

-
1

Time/s

1.5 mm

3.0 mm

4.5 mm

6.0 mm

c

a 

a 

b 

c 

d 

50 µm 



� 8�                      ���«)YZ[\BJK¬ AZ91-1.5Si-0.4Ca+,�jkostP¤¥                  2395 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

® 5  ½¾aNP AZ91-1.5Si-0.4Cahijk 

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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® 6  AZ91o AZ91-1.5Si-0.4CaP XRD®¿ 

Fig.6  XRD patterns of AZ91 (a) and AZ91-1.5Si-0.4Ca (b) 
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 7  1.5 mm����� Si���� SEM��� EDS������  

Fig.7  SEM images (a, d) and EDS results of specimen with section thickness of 1.5 mm: (b, e) distribution of Si and 

(c, f) distribution of Ca 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8  3.0 mm����� Si���� SEM��� EDS�����  

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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 9  4.5 mm����� Si���� SEM��� EDS�����  

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 10  6.0 mm����� Si���� SEM��� EDS�����  

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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 11  AZ91� AZ91-1.5Si-0.4Ca�789:�;�  

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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 12  AZ91<=>�789:?@ SEMAB 

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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 13  AZ91-1.5Si-0.4Ca<=>�789:?@ SEMAB 

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, (c) 4.5 mm, and (d) 6 mm 

 

 

 

 

 

 

 

 

 

 

 

 14  AZ91� AZ91-1.5Si-0.4Ca� 180 C9:�;�  

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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 15  <=>�� AZ91�� 180 C9:?@ SEMAB 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 16  <=>�� AZ91-1.5Si-0.4Ca�� 180 C9:?@ SEMAB 

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, (c) 4.5 mm, and (d) 6.0 mm 
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Effect of Solidification Rate on Microstructure and Mechanical Properties 
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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

2

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

2

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 

o

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 

 

Corresponding author: You Guoqiang, Ph. D., Associate Professor, College of Materials Science and Engineering, Chongqing University, 

Chongqing 400044, P. R. China, Tel: 0086-23-65112626, E-mail: ygq@cqu.edu.cn 


