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Influence of extrusion and heat treatment on microstructure and
mechanical properties of ZM61 magnesium alloys
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Abstract: The effects of homogenization, extrusion and heat treatment on microstructure and mechanical properties of
Mg-5.77%Zn-0.94%Mn (ZM61) (mass fraction) Mg alloy were investigated. The results show that the microstructure of
the as-cast ZM61 alloy is typical dendrite structure, the interdendritic network intermetallic compounds are Mg;Zn;. The
majority of these compounds dissolves into the matrix after (330 ‘C, 8 h)+(420 °C, 2 h) homogenization treatment.
Two-step homogenization can significantly decrease the extrusion temperature (decreased by 30 °C), reduce the residual
streamline in microstructure, improve the elongation of as-extruded alloy, and shorten the solution time, but not
significantly refine the grain size of the as-extruded alloy. For wrought ZM61 Mg alloy, the precipitates type, size and
dispersion degree play the major role in strengthening, the effect of grain size is weak. There are mainly two types of
precipitates in as-aged alloy, one is rod-shaped f; phase along [0001],.y, the other is plate-shaped f; phase parallel
to (0001),.nme, and the rod-shaped S| phase is primarily strengthening precipitates.
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Table 1 Homogenization and extrusion parameters of ZM61 Mg alloys

Extrusion Homogenization Billet Mould Extrusion chamber Extrusion speed/  Extrusion
process g temperature/'C  temperature/C temperature/‘C (m'min ") ratio
1 330°C,24h 350 350 390 2 25:1
2 (330 'C, 8 h)+H(420 C, 2 h) 320 320 320 2 25:1
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Fig. 1 Optical microstructure of as-cast ZM61 Mg alloy
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Fig. 2 XRD pattern of as-cast ZM61 Mg alloy

90

SEAMC AR S IL A AR, T Mg-Zn fE W) S e
mn gt b, AEILIRAR A SRR G, BB B A
FfE. Mn BEAS Mg WA Zn ENMEEY), H
ZM61 1] Mn 7B AIC T60 4 SO M IR AR 22
SO T B I A EE B AR B, PR, K
Mn JC# A% T AR, D523 PL o-Mn TR B
Hrithe

22 HEUSEMBELARKS T

HTHEE ZM61 BEBEAE IET R R R SO fe
77, A LA AELE BORE d ATT 50 23 A LA
TR, X EAEG R ALY R B B AT 3 A A Ak
o K 3 PR SHES ZM61 G i TN AT
SR LR SAHA R, B e ERHE% . WK
3T LIER, £330 C. 24 h AL S, kY
i (6] (1) Mg-Zn A AP N R A T R A R %
12 BB RCT AT HUX s b (R & 0 (R A 2
17 T B ML 3(by T LA, £2(330 °C, 8 h)+(420

&3 Tﬂiﬁ’jﬂzi aﬁuﬁ ZM61 %Aﬁﬁﬁﬁﬁéﬂ//\
Fig. 3 Optical microstructures of as-homogenized ZM61 Mg

alloys: (a) 330 °C, 24 h; (b) (330 °C, 8 h)+(420 °C, 2 h)
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Fig. 4 SEM images of as-homogenized ((330 C, 8 h)+(420
C, 2 h)) ZM61 Mg alloy
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Table 2 EDS analysis results of two-step homogenized ZM61
Mg alloy in Fig. 4(b)

Position w(Mg)% w(Mn)/% w(Zn)/%
A 26.60 13.78 59.62
B 30.75 13.47 55.77
C 39.96 11.36 48.68
D 28.35 12.89 58.75
E 92.24 0.86 6.90
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Fig. 5 Optical microstructures of as-extruded ZM61 alloy treated by different extrusion methods: (a), (c) Extrusion process-1;

(b), (d) Extrusion process-2
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alloy
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Table 3 Tensile properties of as-extruded ZM61 Mg alloys

Extrusion process  Elongation, 6/% o¢o,/MPa  ¢y/MPa
11.1 207 305
: 11.3 210 302
13.6 204 306
2 13.6 204 307
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Fig. 7 Microstructures evolutions with solution time of ZM61 alloy obtained by extrusion process-2: (a) 5 min; (b) 10 min; (c) 15
min; (d) 20 min; (¢) 30 min; (f) 2 h
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Fig. 8 SEM images and EDS analysis points of as-solution treated ZM61 Mg alloy: (a) Extrusion process-2+(420 C, 1 h);
(b) Extrusion process-1+(420 ‘C, 2 h)
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Table 4 EDS analysis results of as-solution treated ZM61 Mg
alloy in Fig. 8

Point w(Mg)/% w(Mn)/% w(Zn)/%
A 85.16 9.32 5.51
B 92.88 0.76 6.36
C 92.94 - 7.06
D 67.51 28.50 3.99
E 76.40 19.10 4.50
F 91.93 0.92 7.15
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Fig. 9 Aging hardening curves of ZM61 Mg alloy aging at

180 °C
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Fig. 10 TEM bright-field images of ZM61 Mg alloy aging at
180 °C: (a) (180 °C, 2 h), electron beam parallel to [1120]

(b), (c) (180 C, 9 h), electron beam parallel to [1120]
and [0001],.yg, respectively
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