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Abstract: Magnesium has a hexagonal close-packed (hep) crystal structure, thus its mechanical and physical/chemical

properties exhibit significant anisotropy along variant
RS EHE: 2024-04-12 EEBEI. 2024-04-30 crystallographic orientations. High-purity magnesium single
ESTE. FHF 0% %I H (2022YFB3709300) ; €% crystal is an ideal material for studying the mechanical prop-
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tivity, and other physical/chemical properties of magnesium
along different crystallographic orientations. However, high-
purity magnesium single crystals often need to be imported,
which are expensive, and the purchase procedures are com-

XIS, 55, 1987 R4, #UZ, WLASIW, plicated and time-consuming. Moreover, the size of magne-
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a method for growing high-purity magnesium single crystals based on melt controlled-speed drop casting method. The effects

such as raw material purity, crucible configuration, and temperature setting on crystal growth are studied. Using the pro-

posed method, decimeter-sized high-purity magnesium single crystals with a purity of 99. 99wt% are successfully produced.
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Fig. 1 Schematic diagram of the melt controlled-speed drop casting de-

vice structure
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Table 1 Chemical composition of magnesium raw materials ( w /%)

Mg Al Zn Mn Si Fe
IN  97.4562 0.0040 0.0005 0.0022 0.0025 2.5346
2N 99.8429 0.0278 0.0075 0.0729 0.0454 0.0035
3N 99.9716 0.0169 0.0039 0.0025 0.0029 0.0022
4N 99.9938 0.0005 0.0043 0.0004 0.0005 0.0005
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Fig.2 Magnesium ingots produced using raw materials with different purity levels: (a) schematic diagram of the charging tube, (b~e) the

residue materials on the flow control and filtration plate, (f~i) metallographs of the cross-section of the ingot middle part
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Fig. 3 Schematic diagrams and photographs of ingots grown in crucibles with different configurations: (a) schematic diagram of crystallization in a

flat-bottom crucible and (b) photograph and metallographs of produced ingot, (¢) schematic diagram of crystallization in a conical crucible

and (d) photograph and metallographs of produced ingot
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Fig. 4 Surface and cross-section photographs of ingots obtained at dif-

ferent crystallization zone temperatures
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Fig. 5 Schematic diagrams of the magnesium crystallization process at

different temperatures of the crystallization zone
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Table 2 Chemical composition of the obtained pure magnesium
ingot ((w /%)

Element Mg Al Zn Mn Si Fe

Content  99.9933 0.0007 0.0050 0.0004 0.0002 0.0004
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Fig. 6 Appearance and metallographic images of pure magnesium ingot
grown by melt controlled-speed drop casting method: (a) the ap-
pearance and dimension, (b ~d) cross-section metallographic
photographs of the cylindrical section, the junction, and the con-

ical section, (e) a magnified metallographic photograph

X 3b X R 2 it B BE AR 6a X N 9 5 68 AT T
XRD 73#7, Z53AE 7 BiR, 25550 XRD BlE A
(1010) . (1011) 45 ZA i 1 9 17 56506 (181 7a) ., 1B 6a %o
REF5EE B9 XRD P38 A HALA (10 11) 5 T 6977 5 0
(F 7b) , FEEHIZAE SR PR S R sk 25 /0 S B — 300 2
e, BEAh, ZATSIER R . TERAREL, R MR
BhEA/D o XTI 6a X R 5 EE 1Y 224 DX 38043 Tl BORE (SR AE AL
BUNE 8a fir7n ) #1647 EBSD 20, HZ5RMNE 8b~8e fif
TR o ZRER TR 4% X R A (1234) Fh T, FPLH
—RYS R ), HAREMRR, 6 LREMEML,
XRD 43471, EBSD 43 Hrah S, 5 i 40 55 55 5E N N PR i
R H R B RAF



986 rf AR 543 %
(1010) (a] Mg(1011) [e]

3 E

£ _ 2

g (1011) g
(1122)
1 (0001)

20 20 80 80 i & & &

26/(°)

7 s i AR K S BE R BE 19 XRD 813

26/(°)
(a) Zm%EE, (b) MR

Fig. 7 XRD patterns of pure magnesium ingots grown by melt controlled-speed drop casting method: (a) polycrystalline ingot, (b) single crystal ingot
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Fig. 8 Schematic diagram of sampling from the pure magnesium ingot for EBSD characterizations (a) and SEM images and inverse pole figures

of areas 1 to 4 (b~e)
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