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Fig. 1 Effects of G and R in welding pool on morphologies of welding joint!'’"'®!: (a) Effects of G and R on morphology of
solidification grain!'”); (b) Growth rate along pool boundary; (c) Gradient G and growth rate R along pool boundary;

(d) Solidification mode across fusion zone!'®



34 EH 104 %R, e eSS BRE S R B SR RO U R 3195

MIREK, LG REN, WE (MR, Hit
AR, R AL SRR S L AR G/R1E
BN, ARKCRID T IA R RAER . AR
PR SRR SR, W 1(d) PR .
MNP REehESE, EREEES, BT
Kt 7 54k BA B GUR B HL k2D SR8 1 2y
AR, HARAE & I AR AR AL I BER dh kL A
K, TR AE . AMIEAR R AR IR T 3
B 2P MR TR T EA M MR e EE
Sop e o AN S N2 Sl o 2 N T W K
5, RUPR, REEROURYE R, RN EPERE A7
FER SR, T/ SRS B A R RE . B
WZBVE AU BURE, DAL, fRedbi it CET XS 24

e P i A R E e
2 ETRZASrVEEANEE

T Hunt B8, GAUMANN 2625457 7 CET

[l S 21, AR BIBL R R R
1 °| —4nN, AT
T n+14 3In(-9) TP_AWH) A)

s Ny RN s R BE s n R RURDRIAH O
M AT, KRNI FIAZL R o 255 RS kL
IR 74, ARYE Hunt I, 4 0<<0.66% I,
FONFER AR, 9>49% B, SRRCN SRS AT
BRI A R, BRI R i ER g

$a020-24)
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Table 1 Growth restriction factors(q) of alloying elements

in magnesium alloys (Solute concentration ¢;=1.0%)* !

Element ¢/C Ref. | Element q/C Ref.
Fe 52.56  [28] Ce 2.74 [28]
Zr 3829  [28] Sc 2.61 [28]
Ca 11.94  [28] Yb 2.53 [28]
Si 9.25 [28] Y 1.7 [28]
Ni 6.13 [28] Sn 1.47 [28]
Zn 5.31 [28] Pb 1.03 [28]
Cu 528  [28] Sb 0.53 [28]
Ge 4.41 [28] Mn 0.15 [28]
Al 432 [28] Ti 59500  [29]
Sr 3.51 [28]
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Table 2 Crystal structure, lattice parameters, and lattice mismatch between a-Mg and nucleated particles™®® #6732
Heterogeneous nucleation particle Crystal structure Lattice constant/nm Misfit/%
a-Mg HCP a=0.3203, ¢=0.52002 -
Zr HCP a=0.323, c=0.514 0.9
ALY Laves (Cu,Mg) a=0.7858 0.65
AlGd Laves (Cu,Mg) a=0.7899 0.13
AlLSm Laves (Cu,Mg) a=0.7945 0.45
ALNd Laves (Cu,Mg) a=0.8000 1.14
ALCe Laves (Cu,Mg) a=0.7800 1.40
ALC, HCP a=0.3331, ¢=0.4990 4.05
ALCO HCP a=0.327, ¢=0.5078 0.9
AlLMgC, HCP a=0.3380, ¢=0.5822 5.32
AIN HCP a=0.31, ¢=0.497 34
AlB, HCP a=0.3003, ¢=0.3251 6.2
VN FCC a=0.4137 6.85
Z1B, HCP a=0.3169, ¢=0.3530 5.11
NbB, HCP a=0.3102, ¢=0.3285 29
TiB, HCP a=0.3032, ¢=0.3231 5.6
TiC Cubic(NaCl) a=0.303 4.8
SiC Cubic(ZnS) a=0.435 4
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Fig. 8 Effect of arc oscillation on microstructure of fusion zone in AZ31 Mg alloy and grain refinement mechanism!’": (a),

(¢) Microstructure of AZ31 Mg weld; (b), (d) Cooling curve; (e), (f) Grain refinement mechanism
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Fig. 9

Microstructures of Mg-4Y-2Nd-1Gd-0.5Zr magnesium alloy under different heat treatment processes in TIG

welding®”: (a), (b) Direct post-welding solution treatment (520 ‘C, 8 h); (c), (d) Pre-weld solution treatment (520 ‘C, 8 h);
(e), (f) Pre-weld solution treatment (520 °C, 8 h)+post-weld solution treatment (520 C, 2 h)
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Research progress on microstructure control in fusion welding of
low-alloyed Mg alloys

ZAI Le!, TONG Xin', WANG Yun?, ZHANG Hao', XUE Xiaohuai'

(1. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Brunel Centre for Advanced Solidification Technology (BCAST),
Brunel University London, Uxbridge, Middlesex UB8 3PH, UK)

Abstract: Due to its advantages, such as good formability, excellent corrosion resistance and low cost, low-
alloyed Mg alloys have become one of the important trends in the development of wrought Mg alloys. Welding has
become a key method for the widespread application of these materials. However, low-alloyed Mg alloys face the
challenges in welding, such as coarse grain structure in the fusion zone and insufficient strengthening phases,
leading to mismatched welding strength. This paper, based on relevant theories of Mg alloy welding metallurgy,
summarized the methods for controlling the microstructure of low-alloyed magnesium alloy welds, and
systematically discussed the evolution process and mechanism of weld microstructure. Finally, in response to the
application demands of these alloys in welding, the development trends in this field were prospected.

Key words: low-alloyed Mg alloy; fusion welding; weld microstructure; grain refinement; process control
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