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Abstract: The effect of Zr addition on microstructures and their evolution during heat treatments of a kind of Mg-Zn-Nd alloy
was studied using various electron microscopy techniques. The minor addition of Zr not only provid heterogenous nucleation
sites to refine grain sizes of Mg during solidification, but also influence microstructural evolution upon solution treatment and
aging. Zn,Zr, precipitates were formed in Mg-2. 7Nd-0. 6Zn-0. 5Zr (wt%) during solution treatment at 798 K, inducing re-
markable hardness increment of the alloy. The atomic

KRS B 2021-10-21 EEES. 2022-03-16 structure of nanometer Zn-Zr precipitates is determined by
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combining tilt series of micro-beam electron diffraction with
atomic resolution imaging and chemical measurement. The

B2 Be w2 B RIFTOTRIUE (QYZDY -SSW - stoichiometry of the Zn-Zr precipitates is Zn,Zr; with a primi-
JSC027) ; FAESLEEINH (X210141TL210) ; [ ARAE tive tetragonal structure ( space group P4,/mnm, a = b=
A HLREI H (2021B0301030003 ) 0.761 nm, ¢=0.682 nm). Moreover, decrease in Zn concen-
S, TR, B. 1990 4F4E, BIFEHIE A tration in Mg matrix due to the formation of Zn,Zr, precipitates

increased the density ratio of 8,-Mg;Nd prismatic rod precipi-
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tates to y"-Mg,(Nd, Zn), basal plates in peak aged samples.
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Our results may shed light on optimization of microstructures
DOI: 10.7502/j. issn. 1674-3962. 202110028 and mechanical properties of Mg alloys with Zr addition. Our
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present finding shed new light on the role of Zr micro-alloying in microstructures and mechanical properties of Mg alloys.
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Fig. 1 Isothermal aging curves of Mg-2. 7Nd-0. 6Zn-0. 5Zr and

Mg-2. 7Nd-0. 6Zn alloys®!
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Fig. 2 BSE-SEM images recorded from as-cast (a, d), solution-treated (b, e) and aged (c, f) samples of Mg-2. 7Nd-0. 6Zn-0. 5Zr (a~c)
and Mg-2. 7Nd-0. 6Zn (d~f) ; insets in Fig. 2a and Fig. 2b are the selected-area electron diffraction (SAED) and MBED patterns of

Mg, Nds and B,-Mg;(Nd, Zn) , respectively[m
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Fig.3 HAADF-STEM images of the peak aged NZ31 alloy with the incident beam parallel to [ 0001] (a) and [ 1120] (b) zone axes,

respectively; elemental maps of Mg, Zn and Zr corresponding to square areas A (c~e) and B (f~h), respectively“zl
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Fig. 4 Tilt series of MBED patterns for type “A” precipitates rich in Zn-Zr, the values without parentheses in the figure are the angle be-

tween each pair of zone axes measured in the experiment, and the values in parentheses are the theoretical values
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Table 1 Reflection conditions for MBED patterns of type “A” pre-

cipitates' !
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Fig. 5 Tilt series of MBED patterns for type “B” precipitates rich in
Zn-Zx1%)
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Fig. 6  Atomic-resolution HAADF-STEM images for y, precipitates viewed along [ 001 ]71(3) , [100] 71(b) and [ 110] yl(c) , respectively; the

minimum translational units for each image are indicated by red square and rectangles in Fig. 6a~Fig. 6¢, and the corresponding enlarged

images are shown in (d~f), respectively; schematic diagrams of the projective symmetry of 7y, along [001]71 , [100] " and [ 110]71 s

respectively (g~i) ; intensity profiles along AB and CD in Fig. 6a and Fig. 6¢, respectively(j, k)
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Table 2 Possible space groups for y, precipitatesm'
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Reflection conditions
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Table 3 Positions of 8j, 4g and 4f in space group P4,/ mnm'*"]
Wyckoff Site Coordinates
Multiplicity ’
letter symmetry in (110) plane in (110) plane
r ox 7+i +i +i +i +i +i
A X, %,z X,K,z R A e A A T R Al
8 J .m
- - - SPLEN S L I B
X, x,z X ,x,z x 2,x 2,1 2 x z,x 2,z 2
) R T . .
g m.2m x 2,x ) x 2 x 2 "2 x,x, X, x,
\ , . . - I R
) m.2m %, X, x, %, Nh ko vh xS
F4 ZEEE P4,/ mam B 4d F de B HZEH ARk
Table 4 Positions of 4d and 4c in space group P4,/ mnm'*")
Multiplicity ~ Wyckoff letter  Site symmetry Coordinates
_ 1 1 1 3 1 1 1 3
4 d 4 0, —,— 0, &, -0, — -0, —
2 4 2 4 2 4 2 4
1 1 1 1 1 1
4 c m.2m 0,—,0 0, —, — — 0, — —.0,0
2 2 2 2 2 2
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Fig. 7 Atomic-resolution experimental HAADF-STEM images of y, precipitates viewed along [ 001 ] " (a), [ 100]71(0) and [ 110]71

(e) directions; elemental mapping of Zn and Zr for regions shown in Fig. 7a, Fig. 7c and Fig. 7e (b, d,

)[32]



194 rf AR EXYE
K5 y,-ZnyZr, B Zn F Zr B Wyckoff &5 iR Fas4R 1)
Table 5 Wyckoff atomic coordinates of Zn and Zr in y,-Zn,Zr, >
Element Multiplicity Wyckoff letter Site symmetry Coordinates
Zr 4 g m.2m 0.29038, 0.29038, 0.5
Zr 4 f m.2m 0.35065, 0.35065, 0
7 4 d i 0,0.5,0.25
Zn 8 j ..m 0.11971, 0.11971, 0. 19292
F% <l CgAe « - o%e %¢° ¢ [<]
§ AN S T mon g Jece e
¢ oo E|4°€®e® 6} [001]
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Fig. 8 Schematic diagram of the tetragonal unit cell of y,-Zn,Zry(a) ; projections along [ 001 ]

" [100]yl and [110]71 directions,

respectively (b~d) ; simulated image along the [001]71 , [100] " and [ IIO]yl zone axes, respectively (e~g)
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5~10 nm, SEFBRT M Zr Z 58, WiFA 409 Nd il Zn
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Fig. 9 HAADF-STEM images of the peak aged Mg-2. 7Nd-0. 6Zn-0. 5Zr (a,

c¢) and Mg-2.7Nd-0.6Zn (b, d), the incident beam was parallel to
[2110]0(3, b) and [0001],(c, d) zone axes, respectively >

5 nm

B 10 WM AL Mg-2. 7Nd-0. 6Zn-0. 5Zr Fl Mg-2. 7Nd-0. 6Zn ¥ i
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Fig. 10 Atomic-resolution HAADF-STEM images of the peak aged Mg-

2.7Nd-0. 6Zn (a, b) and Mg-2. 7Nd-0. 6Zn-0. 5Zr (c, d),
the incident beam was parallel to [ 0001 ], (a, c¢) and

[ 2110] o (b, d) zone axes, respectively[%]
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