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Abstract: Mg alloys are the lightest metal structure material for large-scale applications. Elucidating the evolution mecha-
nisms of Mg alloy’s microstructures during preparation and service condition is critical to obtain high performance magnesium
alloy products. Synchrotron radiation imaging technique with high temporal and spatial resolution can realize in-situ dynamic
observation of microstructure evolution of alloys during preparation and in simulated service environment. This article reports
the recent research progress in the microstructure evolution mechanisms of Mg alloy with the application of synchrotron radia-
tion imaging technique. The crystal evolution behavior of Mg alloys during solidification, the formation and propagation of
cracks under complex loading condition and microstructure evolution in biocorrosive environment are discussed. The magne-
sium alloy dendrite morphology is influenced by alloying elements and solidification conditions. Microcracks are inclined to
initiate on the second phase surface and extend along the particles aggregation area. Mg alloys show good biocompatibility
under biological corrosion environment, and the degradation rate can be controlled by surface modification. In addition, the
advantage and limitation of synchrotron radiation imaging technique in these research are analyzed briefly, providing a new
promising way for the investigation of microstructure in Mg alloy and other alloys. In the end, the research trends of synchro-
tron radiation imaging technique in the study of Mg alloys are prospected.
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Fig. 1

Schematic for the experiment of in situ synchrotron radiography and 2D morphology evolution of dendrites in Mg alloys during solidifi-

cation; (a) schematic for the experiment of in-situ synchrotron radiography[(’] ; (b) dendrite evolution of Mg-6wt%Gd under differ-

ent cooling rates (o]

rate R=0. 0125 K/s'7)

; (¢) microstructural evolution during solidification of Elektron21 alloys with different zirconium contents, cooling
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Fig. 2 In-situ solidification experiment results of Elektron21 alloy: (a) the evolution of the a-Mg dendrites in the Elektron21 alloy under near-

ly isothermal conditions ( cooling rate: 0. 0125 K/s) , the initial a-Mg dendrites appear as bright, while the secondary morphologies are

distinctively darker; the regions marked with I, II, IIT and IV represent the spatial locations where a morphologically different structure

appeared; (b) instantaneous interface velocities extracted for the dendrites that undergo the transition in regions 1~ vis!

22 H$ESHEERERIRBR=ZHEREL

[l A AT X 2 = 4R R B K SR AR BT B
AL =S AR AR 2 A A H SV S S5 IR AR, JF X H T
JEFANAIBETT, DT AH 5 A T A Fr) = 4k ZH U 3R
BREARE AL AT, AR =R oA T, X BT

FEHL W 2 8 B R (X-ray computed tomography,
XCT) S AW 2 T i 2 1) = HERNESOR 8 3 i
BRI R B, U3 oy 3 5 4800 2 S B A A
FMEN RO R EE, ZREd =4 EmEARERIY
SHEER, B, B CPONH T ARZ R = 4E 4



342 Hh AR

%40 &

SUR B A FRAE . b, FEBEA ST T, Wang 251
K R4 XCT FoARXT Mg-9% Al & 42 1 a-Mg K it
TTTRAE, 75 Mg-9%Al A4, o-Mg MR TERN
YO FREEH, A TR R B AR AERK, 76 ¢ iy m
FERBIPE R A (] da) , XN EEE A S 5 i
WIE SR = LS50 b B Rl

Yang %" A Mg-Al, Mg-Sn, Mg-Ba & Mg-Y —JiH
G IR WS T AL, Sn, Ba MY JURNEES 4 =4k
ERIESR AR, 45 SR & AN 6] 1 & 4 T R LA R SR K
BOHRMRL, ¥4 18 A Reahf, Hoh 6 AN B T AR
FAN 12 AN AR A, AR TRIA A AR R BB A 2 1]
L 3 DAFZAL: @ <11-20> 511 Fl< 11-23> f 7]
ZIRIIe AT, @ <11-20>Hi< 11-23>75 [ B AR K
FERF], 7 Mg-Gd Fll Mg-Y &4 H < 11-23> 5 1] (A% &
B<11-20>7 MK, B < 11-23> 77 1] 14 A K
TR, A A A T T AR B T A AR B B
SIS AN AR R R, Mg-Gd Fl Mg-Y FORL S T 58 42
A, ToEsr¥E, Mg-Ca f1 Mg-Sn &4 BYR AL, H
J& Mg-Ba & 45 A% B < 11 = 20 > J7 (5] B4 49 A48 1) T 7

Sample

X-ray
—>
i 0-180°
—s

Rotation stage

-

{10101} Hi4r2d . 2k ask e AN [6) T2 S0 1 T 81 T 6 5 9 T
SILRG S 0TRSO [ 5 S5 A 19 155 0
Ja 8 DR S5 T A [ (545 [ Y A i 1 2 i RE AR AL 36
UL T R OCE 5 Mg J6 2 2 8] 9 4% ) 3 VA7
E—E2ZER, BRRE & IT0E NI B £ ol /D #8 & Xk
B ERIEAR T AR

UEAh, Shuai %6 SRR 548 B XCT $ A XA [ 4
RKEEF ST Mg-9%Ca B9 =4ER ISR BEAT T RAF, 45
SRANE 4b M 4c Fias, FEE B RS RE S, TR
Pesh, Mg-9%Ca &4 o1 A AR & 09 A K 0 M) SR B
BRI —B, KRR RS R, WAL
HA 5 5 RBE, RBE AR K O SR A
J7 e B AN TR BT RO AR A K R 2%
(F 4b), eSSBS, RTREK, N TRIUEZRE
a, PR IR T MeO BRI T S B,
W MgO MV REE G & R R G . =455
M, B TR 7 ek s, B AR K B EU R K
AR, FEARIEARS

3D rendering

2D slices

»

B3 X SR AR FR R AR A

Fig. 3 Schematic showing the X-ray computed tomography imaging technique
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Fig. 4 Three-dimensional (3D) dendritic morphology in Mg alloys: (a) 3D dendritic morphology during equiaxed solidification of Mg-9wt%

A1 ; (b) 3D dendritic morphology during directional solidification of Mg-9wt%Ca[“] ; (¢) 3D dendritic morphology during equiaxed

solidification of Mg-9wt%Ca[“]
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Fig. 8 Dendrite tip splitting and coarsening mechanisms of Mg alloys: Dendrite tip splitting mechanisms of Mg-38wt%Zn (a~c) alloy and Mg-
50wt%Zn alloy (d) 21 (&) Dendritic coarsening of Mg-38wt%Zn alloy (isothermal temperature: 410 °C); (f~h) branches coalescence
mechanism ( Mg-25wt%Zn, initial cooling rate=3 °C/min, isothermal coarsening at 490 °C ), (i~k) the remelting of small branch contrib-

utes to large branch (Mg-38wt%Zn, initial cooling rate=3 °C/min, isothermal coarsening at 490 °C ) (23]
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Fig. 9 The effect of nano particles( NP) on nucleation mechanisms and dendritic evolution of Mg-25%Zn-7%Al: (a) nucleation mechanisms of NP-
free and NP Mg-25%7n-7%Al alloys (12 °C/min, scale bar=300 pm) ; (b) dendritic evolution of NP-free and NP Mg-25%Zn-7%Al alloys

(12 °C/min, scale bar=150 wm); (c¢) comparison of grain size distribution of NP-free and NP Mg-25%7n-7% Al alloys during solidifica-
[29]

tion at 12 C/min; (d) quantified dendrite tip velocity of each typical grain in different composition and cooling conditions
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Fig. 10 The cavity initiation and coalescence in AZ61 and AZ31 alloy during deformation at elevated temperature: (a, b) distribution of cavi-

ties and particles in AZ61 (strain 1. 05, 7=350 C); (c, d) the growth and coalescences of cavities emerging from two particles in

AZ61 alloy (strain 1.05, T=350 C) [301. (&) distribution of the equivalent sphere radius for the studied cavity population in AZ31

alloy (T=400 °C); (f) growth and coalescence of cavities with strain in AZ31 alloy (7=400 °C) (31)
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Fig. 13 Synchrotron radiation imaging results of different implants: 3D reconstructions of the implant site for ZX50 and MAO-ZX50 (a) [35] s
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