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Abstract: The effect of different heat treatment processes on the microstructure and mechanical prop-
erties of the as-cast Mg-5Sm-0. 6Zn-0. 5Zr alloy was investigated by orthogonal test. The results show
that the as-cast Mg-5Sm-0. 6Zn-0. 5Zr alloy mainly consists of magnesium matrix («-Mg) and eutectic
second-phase; the order of influence of each factor on the average grain size is: solution time™>aging
temperature_>aging time; the effect order of each factor on the tensile strength of the alloy is: aging
temperature>solution time>aging time; the influence order of each factor on the elongation of the al-
loy after fracture is: solution time > aging temperature >>aging time. The optimum heat treatment
process with good comprehensive mechanical properties is as follows: the solution temperature is
540°C, the solution time is 12h, the aging temperature is 200°C, the aging time is 10h. The analysis
of fracture morphology shows that the fracture mode of the as-cast alloy is quasi-cleavage fracture; the
fracture modes of the aged alloys are complex, including quasi-cleavage fracture, cleavage fracture and
intergranular fracture.
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Table 1 L9(3") orthogonal test table of different heat

treatment processes

Factor
Number
Solution time/h  Aging temperature/°’C  Aging time/h
1 8 180 5
2 10 180 10
3 12 180 15
4 12 200 )
5 8 200 10
6 10 200 15
7 10 220 5
8 12 220 10
9 8 220 15
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Fig. 1 Microstructures of solid solution alloy with different solid solution temperatures
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Fig. 2 Microstructure of the as-cast alloy
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Fig. 3 XRD results of the as-cast alloy
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Fig. 4 Scanning image analysis of as-cast alloy
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Table 2 EDS analysis of the as-cast alloy (atom fraction/ %)

Point Mg Sm Zn Zr
1 89.16 9.41 1. 20 0.23
2 96.98 2.78 0.23
3 88.61 10. 16 0. 80 0.43
4 90. 55 8.51 0.93
5 87.41 11.16 1.12 0.31
6 97.33 2.49 0.18
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B 5 ARG E T &40 BRMAES  (540°C/8h+180°C /5h; (b)540°C /10h+180°C /10h;
(c)540°C /12h+180°C /15h; (d)540°C /12h+200°C /5h; (e)540°C /8h+200°C /10h; (£)540°C /10h+200°C /15h;
(g)540°C /10h+220°C /5h; (h)540°C /12h+220°C /10h; (1)540°C /8h+220°C /15h
Fig. 5 Metallographic microstructures of alloy under different heat treatment systems
(a)540°C /8h+180°C /5h;(b)540°C /10h+180°C /10h; (¢)540°C /12h+180°C /15h; (d)540°C /12h+200°C /5h;
(e)540°C /8h+200°C /10h; (£)540°C /10h+200°C /15h; (g)540°C /10h+220°C /5h; (h)540°C /12h+220°C /10h;
(1)540°C /8h+220°C /15h
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Table 3 Orthogonal experimental arrangement of heat Table 4 Range analysis of average grain size after heat
treatment and statistical results of grain size related treatment of alloy
parameters Factor
Factor Test result Condition Solution Aging Aging
Sample - - - - . o .
Solution Aging Aging  Average Peak grain time/h temperature/C time/h
b
frumber time/h  temperature/°C  time/h  size/pm size/pm K 43. 41 5111 48.54
1 3 180 5 10. 34 40-50 K 50. 10 50. 34 57.28
K
2 10 180 10 45.78 30-40 ’ 67.17 09 24 o187
Range 23.76 8.90 8. 74
3 12 180 15 67.20 30-40 Freedom 9 9 5
4 12 200 5 53. 35 30-40
5 8 200 10 45,08 30-40 . =
7 10 220 5 51.94 40-50 T B 7 iR . K6 & diohn ROST 1 W 07 & 3
¢ 1 20l w097 080 30~ 40um A LA R I Sh, T 24
9 8 220 15 44,82 40-50
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Fig. 7 Histograms of grain size distribution of the alloy under different heat treatment processes
(a)540°C /8h+180°C /5h; (b)540°C /10h+180°C /10h; (¢)540°C /12h+180°C /15h; (d)540°C /12h+200°C /5h;
(e)540°C /8h+200°C /10h; (£)540°C /10h+200°C /15h; (g)540°C /10h+220°C /5h; (h)540°C /12h+220°C /10h; (1)540°C /8h+220°C /15h
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Table 5 Orthogonal experimental arrangement of heat
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treatment and the result of tensile test Table 6 Range analysis of tensile strength after heat
Factor Test result treatment of alloy
Sample Solution Aging /\'ging Tensile  Elongation Factor
number time/h 1empe°rjxlure/ time/ slrenglh/ afler/ ) Condition Solution Aging Aging
¢ h Ml_”a fracture/ % time/h temperature/ C time/h
1 8 180 g 9 0.86 K, 103. 33 102. 67 108. 67
2 10 180 10 104 1.15 K, 110. 33 109. 00 107. 33
3 12 180 15 109 1.72 K, 115. 67 117. 67 113. 33
4 12 200 5 117 1.43 Range 12. 34 15. 00 6. 00
5 8 200 10 97 0.57 Freedom 9 9 9
6 10 200 15 113 0.29
7 10 220 5 114 0.57
8 12 220 10 121 1.43 9 A AT G K R 22 e e g5 Rk 7 fr
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Fig. 8 Effect of various factors on tensile strength of the alloy (a)solution time; (b)aging temperature; (¢)aging time
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Table 7 Range analysis of elongation after heat treatment

of alloy
Factor
Condition Solution Aging Aging
time/h temperature/ C time/h
K, 0.76 1. 24 0. 95
K 0.67 0.76 1. 05
K3 1.53 0.95 0. 96
Range 0. 86 0.29 0.09
Freedom 2 2 2
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Fig. 9 Effect of various factors on the elongation after fracture of the alloy (a)solution time;

(b)aging temperature; (c)aging time
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Fig. 10 Typical SEM morphology of tensile cross-section of

as-cast alloy
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BT IR A AR B e 8 SEMJESR (a)540°C /8h+180°C /5h; (b)540°C /10h-+180°C /10h; (¢)540°C /12h+180°C /15h;
(d)540°C /12h+200°C /5h; (e)540°C /8h+200°C /10h; (£)540°C /10h=+200°C /15h;(g)540°C /10h+220°C /5h;
(h)540°C /12h+220°C /10h; (1)540°C /8h-+220°C /15h
Fig. 11  Typical SEM morphologies of tensile cross-section of aged alloy (a)540°C /8h+180°C /5h;(b)540°C /10h+180°C /10h;
(¢)540°C /12h+180°C /15h; (d)540°C /12h+200°C /5h; (e)540°C /8h+200°C /10h; (£)540°C /10h-+200°C /15h;
(g)540°C /10h+220°C /5h; (h)540°C /12h+220°C /10h; (1)540°C /8h+220°C /15h
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