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Effect of compound energy field cast-rolling on
microstructure and properties of AZ61 magnesium alloy plate
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Abstract: The influence of compound energy field (ultrasonic and electromagnetic field) cast-rolling process on the
microstructure, mechanical and processing properties of AZ61 magnesium alloy plate was investigated by metallurgical
microscopy, scanning electron microscopy, tensile and bending tests. The results show that the compound energy field
effectively decreases the grain size and the precipitates distribute homogeneously compared with the conventional
cast-rolling magnesium alloy strip. After adding the compound energy field, the tensile strength, the yield strength and
clongation of the alloy plate increase by 10.58%, 12.84% and 52.17%, respectively, accompanied with the final
rolling plate increasing by 10.45%, 20.56% and 65.25%. Furthermore, after cast-rolling, the alloy plate shows the
characteristics of a weaker crack tendency, higher tensile strength and the maximum deflection, a lower bending
resistance, etc, which reduces the abrasion between the material and tool during processing, and is also good to omnibus
properties.
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Table 1 Chemical compositions of AZ61 magnesium alloy

(mass fraction, %)

Al Zn Mn Si Ni
6.9 1.13 0.022 0.064 0.01
Fe Cu Zr Mg
0.08 <<0.001 <<0.001 Bal.
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T HEEFHUE AZ61 B G Ar SE b AL = 5 N ) %
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FABEL A Y AR 350 °C, R 1 h, 38 2 T %
WG L2250 Rl i i KM E 46
J7 3R AP A LR A i SR A BRI B AR
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Table 2 Rolling process parameters of cast-rolling

magnesium alloy plate

Rolling Rollin Original Final Compression
temperature/ € thickness/ thickness/ p
) ratio/%
C mm
1 5.2 4.5 13.5
2 4.5 4.1 8.9
350 3 4.1 3.7 9.8
4 3.7 33 10.8
5 33 3.0 9.1

5, AR RSN 40 mm X8 mm, A EY
1 mm/min, FEIAG SRR HTRIRE i i 5 A
R TS EES 20 mm H) = 0 fhit e, lE AL
B WA L LB 25 Hh 1 fE .
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Fig. 1 Metallographs of A and B initial cast-rolling plates in different directions: (a) Plate A, surface; (b) Plate A, cross section;

(c) Plate A, longitudinal section; (d) Plate B, surface; (e) Plate B, cross section; (f) Plate B, longitudinal section
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Fig. 2 Metallographs of A and B cast-rolling plates in different directions after first-pass rolling: (a) Plate A, surface; (b) Plate A,

cross section; (c) Plate A, longitudinal section; (d) Plate B, surface; (¢) Plate B, cross section; (f) Plate B, longitudinal section
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Fig. 3 Metallographs of A and B cast-rolling plates in different directions after third-pass rolling: (a) Plate A, surface; (b) Plate A,

cross section; (c) Plate A, longitudinal section; (d) Plate B, surface; (¢) Plate B, cross section; (f) Plate B, longitudinal section
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Fig. 4 Metallographs of A and B cast-rolling plates in different directions after fifth-pass rolling: (a) Plate A, surface; (b) Plate A,

cross section; (c) Plate A, longitudinal section; (d) Plate B, surface; (¢) Plate B, cross section; (f) Plate B, longitudinal section

Element w/%  x/% . ™ Element w/%  x/%

Mg 6786 71.80 & Mg 7231 7449

Al 2778 26.48 : 5 Al 21.17 19.82
Zn 436 172 B g, Zn 6.52  5.69

Element w/%  x/% = : ¢ Element w/%  x/%
Mg 79.68 8336 | Mg  89.83 91.69
Al 1579 14.88 [SEEEES Al 824 758
Zn 453  1.76 p SR Zn 193  0.73

B 5 AWK B AT HIAH M i () SEM 5 12 EDS 73# 45 1
Fig. 5 SEM images showing distribution of precipitates in A and B plates and EDS results: (a) Plate A, cast-rolling plate; (b) Plate

B, cast-rolling plate; (c) Plate A, finished plate; (d) Plate B, finished plate
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Fig. 6 Mechanical properties of A and B plate at angles with
rolling direction of 0°, 45° and 90°: (a) Tensile strength; (b)
Yield strength; (c) Elongation
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Table 3 Tensile test results of A and B plate
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Fig. 7 Edge crack photos of finished plate: (a) A plate; (b) B
plate
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Plate No. Plate condition Span/mm Benditﬁ}s;rengtlﬂ Mailslil:;l]zz/lﬁing delzl/lji?lsxm
A Cast-rolling 20 300 1774.8 3.573
B Cast-rolling 20 445 1146.8 4.915
A Finished 20 500 938.7 9.213
B Finished 20 575 739.4 12.385
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