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Fig. 1
0.1Cr alloy: (a) Metallograph; (b) SEM image

As-cast microstructures of Mg-7Zn-1Cu-0.1Mn-
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Fig. 2 XRD analysis results of as-cast alloy Mg-7Zn-1Cu-
0.1Mn-0.1Cr alloy
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Table 1 EDS analysis results of points marked in Fig. 1(b)

Mole fraction/%

Position
Mg Zn Cu Mn Cr  Total
A 98.7 1.2 0.1 0 0 100
B 81.1 141 47 0.1 0 100
C 837 121 4.1 0.1 0 100
D 80.1 19.1 0.8 0 0 100
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Fig. 3 SEM images of alloys with different Cr contents:
(a) Mg-7Zn-1Cu-0.1Mn; (b) Mg-7Zn-1Cu-0.1Mn-0.1Cr
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Fig. 5 Curve diagrams of solid fraction, shape factor and

particle size of Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy treated at

different temperatures for 30 min
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Fig. 4 Semi-solid microstructures
of Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy

treated at different temperatures for
30 min: (a) 560 C; (b) 570 C;
(c) 580 C; (d) 590 C; (e) 600 'C
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Fig. 6 Semi-solid microstructure of Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy treated at 580 °C for different time: (a) 5 min; (b) 10
min; (¢) 20 min; (d) 30 min; () 40 min; (f) 50 min
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Fig. 7 Solid fraction, shape factor and particle size of
Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy treated at 580 °C for

different time
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Fig. 8 SEM images of Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy
treated at 580 ‘C for 30 min: (a) Low magnification; (b)

High magnification
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Table 2 EDS analysis results of a;-Mg phase and a,-Mg
phase in Fig. 8(b)

Mole fraction/%
Phase
Mg Zn Cu Mn Cr
o-Mg 98.9 1.1 0 0 0
0,-Mg 84.4 13.2 2.4 0 0

Kl 8(c)h % kil EDS 734 R ansk 3 s, w]
MR A RS SRR S EEET 4 5 o-Mg
Mo XEW B. C. D = TAEB SRIH L IR
FAXH, WARKR A TEERSREPRILRAHAS, K
IR RSN & T o-Mg 2k, E. FHSA
WAL FEAE a-Mg AHPIERI “/NBa” o B T e
BT RO — 2 FAF IR e o Y R T
B B A TR A s ARAR S R AR S A T T i /N
s R TR AL A H A2 B R
SO, RN, R A 2 PR B AR AL
PR = A VRAH X, 7E ORI FE B T A &
I, FHORMHE X AEESRZ PR “ DR
W . Wk, E.F RAEKIETREEBRET 4 S,

#*3 [ 8(c)h s EDS 73 s
Table 3 EDS analysis results of points in Fig. 8(c)

Mole fraction/%

Phase

Mg Zn Cu Mn Cr
A 98.9 1.1 0 0 0
B 71.8 22.5 5.7 0 0
C 68.8 25.5 5.6 0.1 0
D 81.6 14.6 3.7 0.1 0
E 77.2 18.1 4.6 0.1 0
F 80.7 15.6 3.6 0.1 0

3 EREALREDHSITIE

3.1 RRELNTERAYEENS S

2 T A5 T A A PR 11 2% 2 [ S AR i A 2R
I, 7R B A e DR I BRI, 7ERe ek
RIS AR DL R i iU S AR R, &
AR RS IF, MERTESER, WA 6(a)
Fi7Re a-Mg SRS A A KT BRBCIRBTRL . [F]
I, ERXLEHORBRLL S, 7T W G2 AE R P9 3
/N, X0 TR RS T e b i, ER A
FAL & I 1 12 bl B AE SokL A T

YLy, U SRLE R 4 LT
fr g, S B S B B 1 aKEh 71 B
e R P S ORI 1A, (AR S A
AL KRB (AN 9 TSk b)Y R, Ak
LR R AR AR IE S0 I W 1 20 T B ) b . A
WF TP, A S 1 428 BT A B LT
H, FENE R AR AR AW A) a-Mg ZAR iy
L, S B AT RV o 1) DX s PR — 2P
HEIEAL, AT 3 A et AR T T 2R T RS Y R

FERURL )0 S ARG, 2 AE R F Ak
BN 10() B “A78% 7 AR . B DRI 7]
MG, Ixde “pRag” HIIk8:4 K& 10(b)FT
7)Y, 3 ATCE R ARAORL Y A, AR 1 [ AR UKL 18] 1 2
B XML, d T AR AR, HAR AR

&9 Mg-7Zn-1Cu-0.1Mn-0.1Cr &4 7E 580 C{#if 5 min
LRTAT A ON

Fig. 9 Magnified microstructure of Mg-7Zn-1Cu-0.1Mn-
0.1Cr alloy kept at 580 ‘C for 5 min
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Fig. 10  Microstructures of Mg-7Zn-1Cu-0.1Mn-0.1Cr
alloy at 580 ‘C for 20 min(a) and 25 min(b)
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Semi-solid microstructure evolution of
Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy

HUANG Xiao-fengl’ 2, SHANG Wen-taol, YANG Jian-qiaol, WEI Lang-langl, YANG Fan],
ZHANG Zhan-yu', ZHANG Sheng'

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Non-ferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The isothermal heat treatment method was used to explore the evolution of semi-solid microstructure of
Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy and analyze the formation mechanism of non-dendritic particles. The
microstructure evolution of the alloy was studied from the perspective of holding time and holding temperature.
The results show that the as-cast dendrite structure of Mg-7Zn-1Cu-0.1Mn-0.1Cr alloy can be transformed into a
semi-solid non-dendritic structure to obtain a spherical particle phase. A good semi-solid structure can be obtained
when the alloy was kept at 580 “C for 30 min. Its solid phase ratio, shape factor and average particle size are 65%,
1.37 and 45 pm, respectively. Increasing the isothermal temperature or prolonging the holding time makes the
average size and shape factor of the semi-solid tissue particles decrease first and then increase, and the solid phase
rate decreases. The phase transformation of the alloy during the remelting process mainly includes rapid dendrite
coarsening and merging, structure separation, spheroidization, and grain merging and coarsening. The subgrain
boundary provides a solute atom diffusion channel, and preferential fusing at the root of the dendrite promotes the
separation of the structure. The different curvature of the grain surface makes the grain spheroidize. The main
mechanism of the merger roughening stage is merger growth and Ostwald ripening.

Key words: magnesium alloy; semi-solid; isothermal heat treatment; microstructure evolution
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