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Table 1 Classification and characteristics of magnesium alloy welding wire*®!

Classification Component symbol Property
Mg-Al-Zn series MgAl9Zn1 Good welding performance and corrosion resistance
Mg-Zn-Zr series MgRE3Zn3Zr High strength, good toughness, and creep resistance
) Good heat resistance and corrosion resistance, suitable for use in
Mg-Mn series MgAI3Zn1Mn ] )
high-temperature environments
Meet special welding requirements, such as corrosion-resistant and
Special purpose welding wire Add elements such as Sc, Y, Ce, etc

high-temperature resistant welding wires, etc

R2 BFESRLUFERHDY

Table 2 Chemical composition of magnesium alloy welding wire[*®!

Classification of chemical ) o .
Chemical composition (mass fraction)/%

components
Chemical
numeric
composition Mg Al Zn Mn Si Cu Ni Fe Ca Be Other
symbol
symbol
5.5~6. 0.24~0.6
Mg0602A MgAl6Mn Bal. s 0.30 Z 0.10  0.01 0.002 0.005 0.30
5.6~6. 0.26~0.5
Mg0602B MgAl6Ca2Mn Bal. 4 0.20 . 0.08 0.08 0.001 0.004 1.5~2.5 0.01
9.5~10 0.75~1 0.15~0.5 0.0002~0.
Mgl101 MgAI10Zn1Mn Bal. 0.05 0.05 0.005 0.005 0.30
!5 25 0 0008
24~3. 050~1 0.15~1.0
Mgl1313 MgAI3Zn1Mn Bal. 6 50 0 0.10  0.05 0.005 0.005 0.04 0.30
MgAl3Znl1Cal 24~3. 050~1 0.15~1.0
Mgl313A Bal. 0.10  0.05 0.005 0.005 0.5~1.5 0.05
Mn 6 .50 0
5.8~7. 0.40~1 0.15~0.4 0.0002~0.
Mglo6ll MgAl7Zn1Mn Bal. 0.05 0.05 0.005 0.005 0.30
22 .50 0 0008
5.5~6. 0.50~1 0.15~0.4
Mgl611A MgAl6Zn1 Bal. 0.10  0.05 0.005 0.005 N 0.30
5 .50 0
5.5~6. 0.50~1 0.05~0.4
Mgl611B MgAl6Zn1Ca2 Bal. s 0 0 0.08 0.025 0.001 0.004 1.5~2.5 0.01
5.5~6. 0.50~1 0.15~0.4
Mgle6l1C MgAl6Zn1Cal Bal. A 50 0 0.10  0.05 0.005 0.005 0.5~1.5 0.05
83~9. 0.35~1 0.15~0.5
Mgl911A MgAI9Zn1 Bal. 0.10  0.03 0.002 0.005 _ _ 0.30
7 .00 0
83~9. 0.35~1 0.15~0.5
Mgl1911B MgAl9Znl1Cal Bal. ; 00 0 0.10 0.03 0.002 0.005 0.5~1.5 0.30
83~9. 0.35~1 0.15~0.5
Mgl911C MgAl9Zn1Ca2 Bal. ; 00 § 0.10 0.03 0.002 0.005 1.5~2.5 0.30
83~9. 1.7-2. 0.15~0.5 0.0002~0.
Mgl1922 MgAl9Zn2Mn Bal. 0.05 0.05 0.005 0.005 0.30
7 3 0 0008
2.2~3.
Mg2331* MgRE3Zn3Zr Bal. — 0.30

MgZx Mgx Bal. Other agreement components
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Table 3 Composition and Properties of Several Magnesium Alloys
LG Corrosion
Brand Composition strength . Weldability Characteristics Application
. resistance
Elongation
The best
weldability, low
tendency for hot 3C shell, bicycle,
cracking, and good lightweight
S 2%30M1:a Good Excellent plasticity of the structural
0.2Mn 3%~10% .
weld seam components, thin
Excellent corrosion plate TIG/MIG
resistance and low
cost
Higher strength
Car seats
220~290 than AZ31B, good >
AZ61A YR8 B PIZn- Mpa Good Excellent fluidity, e
0.2Mn o o components,
4%~18% excellent weld
. wheel hubs
formation
E:rclel}tilnatnce Caslgnﬁ e
MoOALOTzn  230-300 D e &1 cylinder body, 3C
AZ91D & ’ MPa Middle Good o structural
-0.2Mn o/ o resistance, and
3%~7% . components, mold
good corrosion . .
. welding repair
resistance
Fire S i viion
igow sensiti\%t t(; structures,
305~330M s corrzsion high-strength
ZK60 Mg-6Zn-0.5Zr Pa Excellent Good . profiles, and
A cracking .
7%~9% components with
Low tendency for .
. high  toughness
welding hot .
. requirements
cracking
Rare earth
strengthening, high
temperature
strength, creep Aircraft engines,
260~435 resistance, and  missile
WE43 Mg-4§r-3RE- MPa Excellent Middle corrosion resistance  components,
8%~13% far superior to AZ high-end medical
series implants
High cost and strict
welding process
requirements
Extremely high Autqmotlve
.. nterior,
plasticity, good .
. thin-walled
Mg-2Al-0.5M  >160 MPa corrosion
AM20 Excellent Excellent . components,
n > 8% resistance, and low . . .
welding with high
tendency for L
. plasticity
welding cracks .
requirements
* 4 FREINIZHENESSIRLMEREI B0
Table 4 Performance Comparison of Magnesium Alloy Welding Wires Prepared by Different Processes!86-1%l
Pro schol Alloy . . . advantages and Applicabl In.dus.trl
cess Parameters Specific mechanical properties : e alization
. ars grade disadvantages . .
g scenarios  potential
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Extrusion ®1.2mm welding wire with a
Jin AZ61 temperature 440 °C tensile strength of 384MPa,
Drawing temperature repeatedly bent and broken 7
250~340 °C times/180 °
Extrusion ) o ) Advantages:
Zhan 7M6 temperature 530°C ~ ®3mm welding wire with a tensile compact internal
g Drawing temperature strength of 256MPa defects, dense
300°C structure, good Large
grain refinement standard
Extrusion ®0.5mm welding wire, tensile effect, can conventio
He ZK20-0  temperature 320°C strength 329 + 2MPa, yield prepare ultrafine nal Mature
Hot 4Sc Extrusion strength 287 + 2MPa, elongation diameter wire magnesiu  technolo
. temperature25°C 14.2% materials, easy to m alloy gy,
usio composite and welding currently
- ®0.4-1mm AZ31 welding wire, strengthen the wire, mainstre
dra B ion tensile strength 286MPa, yield process ultra-fine ~ am mass
win @ ture 400 °C strength 225MPa, fracture strain Disadvantages: medical producti
Mari AZ31. Iimperzti e " 13.5£2.5%; High extrusion degradabl on
. aa - gxqg  toomtemperature g, 4 1mm ZX10 welding wire, resistance and e technolo
co drawing+350 °C . . 1 fFici . ith
mbi TS tensile strength 235MPa, yield ow efficiency magnesiu gy, wit
ned strength 170MPa, fracture strain below 2.0mm, m wire, the
‘o 19.1 £1.9% poor straightness  high-stren widest
gess of pure extrusion gth rare range of
Extrusion ®0.23mm welding wire, with a welding A carth ] adaptabll
temperature 390 °C maximum tensile strength of casy generation magnesiu ity
Gao ZN20 ECAP temperature 392MPa, a yield strength of of res@ual stress o
300 °C 370MPa, a 3.5-fold increase in during cold welding
Drawing temperature  plasticity, and a 31% increase in drawing, and N
390 °C corrosion resistance decrea§ed
corrosion
Extrusion resistance
temperature 300 °C
ECAP temperature ®0.31mm, tensile strength
PELE LA 200 °C 300MPa, elongation 11%
Drawing temperature
250 °C
®4.5mm welding wire, 200 °C: Advantages:
Drawine temperature tensile strength 362.58MPa, Large
Chen AZ61 g 12 elongation rate 2.2%; 300 °C deformation of
25~400°C . . 4 -
dynamic recrystallization, plasticity ~ the pass, reduced
recovery intermediate Hich end
annealing, high pregcision
®1.9mm welding wire, yield prodt}ction magnesiu Strong
Ren AZ31 Drawing tempoerature strength 382.8MPa, tgnsﬂe §trength ) efﬁcgency% m alloy scalabilit
210~400°C 417.1MPa, good dimensional improved suriace welding y and
uality, and . .
reenney cogtrol t(Z/f LPSO o il
) high-stren ity, with
Hot Mg-9.5 : : ; phasqgojebhieve th rare outstandi
e . ®1.2mm welding wire, tensile hich streneth g
dra . Gd-4Y- Drawing temperature . g g earth ng
: Ling 27103 380~400°C strength 553.5MPa, yield strength Disadvantages: . p
win 7r ¢ 4736MPa, elongation 2.5% Low temperature mag;[lleSlu zs\;intt}?eg
s deformation is .
mainly twinning " i
Mg-8.5 p | . ... > wire,and rare earth
Gd-4Y- Drawing temperature ®1.45mm welding wire, tensile poor plasticity, continuou  magnesi
Yang 5 strength 495MPa, yield 447MPa, significant
27Zn-0.3 450°C ; S mass um
’ elongation 2.41% decrease in .
Zr . productio alloys
high-temperature n of wire
strength, and .
) ) ) ) here i tical materials
®2.4mm welding wire with a yield there is a —
Zuo Mg-Al- Drawing temperature  strength of 394MPa, forming a deformatlop
Ca-Mn 300°C bimodal grain structure without degree that is

rare earth strengthening

prone to grain
coarsening
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Room temperature ®0.66mm welding wire, tensile Advantages: The
Pulse voltage 220 V,  strength of 400MPa, elongation of Short term and laborator
Shan AZ31 frequency 100 Hz, = 28.5%, grain refinement to 1 pu m, efficient y results
pulse width 30 p s, and significant weakening of refinement of Ultra fine are
processing time 30 s texture grain size, o excellent
Ele: . ' ' . weakening of s SR but the.
ctri Room temperature, ~®1mm welding wire with a tensile bgsql texture, n star}dardl
¢ pulse voltage 90 V,  strength of 320 MPa, yield strength ehmmatlon of welding zation of
pul  Sun  AZ31B frequency 150 Hz,  of 253 MPa, clongation of 28.1%, ~ residualstress, . = %, equipme
se pulse width 40 s, grain size of 4.11 pm, and improvement of drz;wn nt and
assi time 1 min improved basal slip ability plasticity and high paramete
sted corrosion . rs is
. plasticity . .
dra resistance 5 insufficie
win Disadvantages: modlﬁed nt.

g Strict control of W\Treeldllllilgh Currently
pro Room temperature, _ _ . pulse parameters, , g ,
e pulse voltage 220 V, @0.60mm welding wire, tensile high equipment toughpess small-sca

Shan AZ31 frequency 120 Hz, strength 390MPa, elongation cost® Limitsd Weldll_lg le trial
pulse width 30 us,  29.5%, optimal strength plasticity efﬁ,ciency material producti
time 5 min enhancement of on is
large-diameter mainly
wire materials used
At low amplitude/low vibration
energy, softening effect dominates,
and the deformation resistance of
Frequency 15kHz, AZ3.1 magnesium .a.lloy decreases
. while the formability improves;
Wen maximum output B o . ;
ower 2kW When high vibration amplitude is
P applied, hardening effect
dominates, material plasticity
decreases and brittle fracture
occurs Low
temperatu
When the amplitude is 4.6 p m and re plastic
the action time is short, the plastic Ad . forming
Ul Frequency 20 kHz, deformation is mainly twinning, \gntzges. magnesiu
g Xie amplitude 4.6~6 p and the softening effect is low-t 00 ; m wire, Solid
ras m, maximum output dominant; When the ultrasound 0‘:' emgs:]r‘a W small-size  theoretic
onl power 2kW energy is high, twinning behavior d ormabl 1’[13(/1, d al and
ascs' is inhibited and hardening effect e ug?ﬁ;ﬁ:e M8 thin-walle experime
i . resi ;
d t . ’
sted AZ31 Vo . Disadvantage: srr(liazlilri gia f01111rt1=z11ati
for Ut i vibration del h The amplitude meter N
min trasonic vibration delays the has a dual effect . n,
g occurrence of dynamic of softness and magnesiu in the
150 °C~200 °C and recrystallization, expands the . m alloy laborator
pro . ) ) hardness, making 9
Liao amplitude 0-11.2 p steady-state deformation zone, . wire, y stage
cess . . . it prone to local .
m promotes dislocation slip and hardening special
rearrangement, and reduces precision
dislocation pile up plastic
processin
Ultrasonic vibration can g
significantly reduce the starting
temperature of dynamic
o recrystallization; The higher the
130~150 °C =)
Huan . temperature, the more significant
amplitude 33.3, 40.9 .
g B the decrease in strength and the

increase in plasticity. The
appropriate interval for intermittent
vibration has better plasticity than
continuous vibration
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3 BFAERLZMMIITE

BEAESmTHEASSRMIEE, Han—MmEnT
T2 5., REEIG . Rz 8, s
ARG MEAAREL M. BAl, FERHIELTE
Bt $F R SRk 45 & =M T2 J5E0
M, RRER (OCC) T 1978 I HAZEE EIRKH,
ATR AR B4 . HETRA OCC il 864
MR R, & T2 T AP A 28,
BB S S MM ERRUS, B e T 288 80Uk
GHRENTBIERL AR FLEEBRAG, (IR 22 2H A BUH FER
i, AR 77 R AR 22 1) JE A AR RS A 7 R K
U7, JEepsk, EWNIMEEFESES SR LK & T2 RIT
TREMR, FROMTITERBALZHES TEME
G, ARFERGE-FIREG TE, MR T2, |
ik e B R R 7 4 B R T 2055080850, OR[R] ) T 2 %
MG SRR b, WK 4.

3.1 BEE-RREKETZE

M E-RRIA TR HATE S &R 24~ E
BT 1% T AR O 8 i BT R 55 5 5 e A
TR FELE 350~460 °CYUE N, 285 Fdid 2 8 Rk h ik
BASHIRIN T2 HARgRAe, BRI X B RERE CRIEBE &
SRR RS I BEE, B ACIR G, SCRERT bR T A
P KR, FEMAR 22 e 2R RE . SO0 R VBT R AT LA
il % H BLARTE 2.0 mm LA BB S SR, Y EARTE 2.0
mm LAUREE, FEEJIRIY, BEE AR 5 R OV 1 B
B, ARG, RN, ETRIEA TR 2 WK,
J 22 58 FE R AN TTICS, ANRECRIE RIEFIISEELRE, AT
S 5 SRR Ok 2 R RS, (R, M EARAE
2.0 mm PAUREF, 2R RE B+ 28 IR A G 1
X, BERETFESMLLE. RIHELRE 5 R
FERE, TRANRAERE R AR . &30 TR B
Bk TR T ©1.2 mm [ AZ61 G E R4, HxTH
BIEHERHEAT T FL. 45 SRR RS R BRI K3
FELZ, nRHEERERSRAE 8 pm DLF, &
EE AL RAR I B ORI B %
225 °CUL LRy, BE&E&NMa~ARHmEH%, %k
77 RS A BRI 2R G AR B (I o R R f
() AR T 77 1, TR IE SR 85 & S AH 2R IR R 28 4
BB R R T 22 . PSR, N B
(BRI g S AL T BRIR S . SRERARSESE XS ZM6 8
HEBELGIRIT R, RARSE (Hl% d4mm
WA -FRVBRE T2, mZ3R1E T ©3mm 1] ZM6 £
Ga&Re, @IS ATTIRT T RO R
B EHATESENEA . FTRIESE, SRR

SPGB R, WTHBEGER LR E, H&HT
BRGL WUR, REPHEERFEEERERE) 04mm M
®3mm ZM6 BEE &R 22, RRB GBS SR 21 Tl
AR T TS EMERES SR L& T,
He 258 F #4854 fidk (I T 214 1 ©0.5mm
[P F] Bl ZK20-0.4Sc BEA & 2eht. AR, HA
SO RS 7 M A B P35 RS 29°8 7.3 pm, AT

T TT BT RAER <11 2 0>FIELFFHI<10 1 0>£F 4k

G H sy, HPthisRE N 329£2MPa, JiE IR R E A
287+2MPa, K ZN 14.2£0.5%, HABMKI 1241 R,
FE BN A IR ST SRAIE R DTk AER
PSR K E A LS S5 200~300 nm 744,
BoE (a) AU (cta) BAEETER RS, SHEEESE
22 AR VRR B H B0 2 1 S S Tl R A R R
FEMRRIAT N, RERFIE SRR RN T, 5
irf JE§ et 6« Maria 25005 ELBF 7T T BHAEIETIE . B
LA PMFE T 2% AZ31. ZX10 B4 SR 2.
LUK B 1 RE RS . S5 SRR, EEEF RS
1:15625 #mHr R b, 43l % tH 0.2mm(AZ31).0.4mm
(ZX1) BAMLAL, ¥hiee+4F 2 18 IR (8] A B % 28 ]
FasEfl#% 0.28mm Z64F; HHELL DRX. $7#2LL SRX &
T M AT, B2 TP RV AR R T
0.4mmZX10 £ &M H 2L F5LH0 . w5 mMN I,
N AT 2 M B L 4%, 0.28mm AZ31 Fir 22 2541 T
TR R E Y . R N A R RE TR SRS 4
PR HIFIRME T T2ERKIE . Nt —DRAEE SR
2210 )1 R, AN E & L2 5MGE-Hiik T2
4t . Gao SFPUILRHSEEER METE (ECAP) +HiiHEEE
BN L (FSP) +#f E+hiik B & T 214 17 ©0.23mm ()
Y ZN20 BA a2 . WA R ECAP TP B2
SEE A SIS, BIREEAIME T, T EsE s
SRR TR RIRREAT ;. FSP L5 N BEWS /b & 45 P &6
B AHMECR, PRARE AR A RE AR R, [
BT PE TR & S 22 Mt i, R R BEE 31%; &
ECAP+Hf +# ik b HL G, & &5 bl 5 55 — A
RS AR, 3% R AROU 46 44 RT3 B 7] A% 4 1) 3
YRR, HEEBEIRTE 3.5 f5; M4 FSP+EFE+Iduik
WIS, A4 TREE i 292 MPa 27+ 392 MPa, L
PR T A smi Hr Rk 5 SRR R U AR
PR AE B A &R 22 50 (0001) LIMLLEIIE T, *
MRS 8ce, mitEitm. 56 L2 ETE b
FUN, WEDEMEBES SN EE. . mi ik,
NEEREAIE RS SR L 6 &R AL T I H AR B
. Yan Z£B55@d ECAP MGk A A T2, )
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%1 ©0.31 mm. HRPRHTHIBREEN 300 MPa. fiK 3Ky
1% Mg-6wt%Zn &4 2eht, 7rHrR i, Hikaeihss
ZUHRK T ECAP LA K MgrZns 55 —AH, F40
WKL A ENTH, ERARELFIFLIE, BT
B IE RAH RO 25K, A R e 5 OB R DR S
ZMAGERN Mg-Zn RESESIFLMMERMNMIRET
HESF,

Bl 5 FEf Ex-0.23 (a). FSP-0.23 (b) 1 ECAP-0.23 (c) M)tk
iz
Fig.5 Corrosion morphologies of samples Ex-0.23 (a), FSP-0.23 (b)
and ECAP-0.23 (c)°!

32 ARRTZE

PRIk T2 M A2 HIE 300~500°CYE Y, it
EE G 4 BB S RSP RERE, SEIMEE G &2 I R 2%
fil#. gtk T2ME, bkl f bR RRIR
RN S, SCLEE KR IE R T &, iR K
A RFHAEFRE, FIRAfE > Wi . Rk
Fa, DRERZM R E SRR e, & 2400 &
BT SO T 22— FRRIEEPDET
IFLIR I IEAE BRI 25~400 °C, FrK 3 5 m/min
MIZAET, BT T AR RIS R hr kR B B IR T &
X AZ61 HEE SR HA SRR TR, 4
PR IR R (200°0) B, BEE &2 R B UZAEA T
AFE, FEHEERZFEH 10%SH NS 25%, 244
MR AR EREIE 2 . AR EE, ERAE
FfE M PidrsmE h 324.81 MPa B#iiEEmE 362.58
MPa, {HZEAASTE A SEIBME T, AEHERE 5.8%I% M
FEIRE 2.2%: SHIRIEERGE (300°C) I, PBEUE/E
MR EE, YRR EINE 25%, 20 35K A
WAL G, 2R SR A R U, =
R IR P S, T A O L 38 5 43 A U 4
EREZET S, LIRS B R—E . Ak,
TR, BEE R B 150 °CHE &2 400 °C,
BE S ER B B PR, EEE AR R
FETNRERIE, FELMBTREASZ I &R KERL Y &
30%IZWHR/INE 10%, NHRFIK T ZSEM it 7
BHESHE AT INEE S ©10mm BLUR/NEAK AZ31
FE BRI TZHAT R AR, ERER TIER
BIEHIRKTZMILEX R AL, R
fE, BELERZEIE K, 264 8RR

48 1 {0001 <11 2 0>//4 3k 77 IFl f) 7 45 i 4 4y s A

{0001}<10 1 0>//HL3K 77 TR AR Gk, 3 ELYUR 30

B AR T B R KIS 5 s 22bF 00 i P8 R s o o
BB AR B (3 KT BT P iy, (EAE A Bl 2 PRI
¥ AZ31 A S B EER ©9.0mm $74k 4 ©1.9mm i,
KHA“=IBIR—IB K", BIEIRABELE 20%-25% ([ )
TEHE, WHBE R RIEFES BN, 304655 5k
F, SRIBEAIIFERERNEELM . 1% T 248
J&i » AR TV S5 0 224 T IR 58 B2 AT UG 5% M KL 157.3 MPa
$Eim 4 382.8 MPa, HIHisRSE I 255.2 MPa #/ % 417.1
MPa, 53JEHEFHIEE B2, FRRRE T RIFIIRSHREE.
TEME BB G M SR % 77T, Ling PR 2
WOk E B R R R ThH & ©l2mm K
Mg-9.5Gd-4Y-2Zn-0.3Zr ¥ & & 2, H b 7 9% E
553.5MPa, JHARFRIE 473.6MPa, IEMHIR 2.5%. %G
& 22844 18R-LPSO . 14H-LPSO . &/ HikitH.

AT R, SUK) B 5 SU HE A9<01 1 0>/DD

BEIMZ3K, 18R-LPSO AHBE N AS 3 K HH R4 He 7 1) 1 4
R 80 (B AR - W h 3R 7 K SRR AR, did 2fir 15 1
RN B EIR T A AE /1 14H-LPSO HI7E 3k b i
I BE R AR, B ORI BE 14H-LPSO AH A i
BT KR, BRAS KIBMHERTEMIF R . Bk
FEAM 18R-LPSO #. fiFt. 4. il A L AT+
E B RGRE, 18R-LPSO MR AL Lo smAL L,
P8R T R LS S M IRIR TRAL AL OLEE . Yang 25
OSIEF %} Mg-8.5Gd-4Y-2Zn-0.3Zr B 4G LM AR T
ST T AL, 7E 450°C R4 ZIE IRIESE K
FRINH % ©1.45mm KBS & 248, HPihigfEik 495
MPa, JEARGESE 447 MPa, IEfHZER 2.41%, Ji2#EResS
Ling ZEIIBFFLEE REA —5, WiE %A &k ZRhik
T2 B AT T G B R A ok R
~t5 18R-LPSO AHMTEARRFAE, & Iz HR O 2 HH o 1)
18R-LPSO AH HH IR I HOIRIZ 8 5 2 NI 2R, s
JE 1) LPSO M3 o0 A T b 38 e fm 5, B T B 2K
FaRAVE s TRIET, PRI FExd af b ) 40 A6 FH A BR
S R R ST RATAG 1D 7.83 um /MBS ZE 7.44 um, F W]
EAETE 450°C N BhAS T MIERE RS, FERILHL
Hi475 A LPSO AHARA A7 £ 584 A 3 - Du S0l i 48
PRI, R TARBERE T AZ31 S#EE582M
HLMBER AL . FHFRI, BE R =R,
AZ31 BEE S LM SRR B, SRR ST IR
N, ORISR IZ G IR T AEAFE— MR AR T,
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HERLE RS ZIRFEN, RS FBURRR
SPRIMTIGR, ISR B, R REBE ) sk e
T, AL AR IR R TS Bl
WE. BEhh, FERPRARTERE T, AZ31 BEELH
ZhAS P A S AL B 22 S 3 2 P 46 i AN e B A
i, PR AL B B AR BRI R RS 5 U 70 A1

B BAVE TG EREIN, YIGEEI{0001} <11 2 0>ZKi%

WL {0001} <10 1 0>ZUH), ZURIHEEAS Sy Hod 7

ORI RS S AN B B 2 DR DG, T S 0 2244 1 4%
A S . Zuo 254N Mg-Al-Ca-Mn i BV S G 4201 1)
PR TETFR THFIC, £E 400 °C N4 28 R ko
Mg-Al-Ca-Mn &£ #A H 6 mm $7 48 2.4 mm, Db &
R A & 4M . ZI R0 KILZ, R 8
B & RPN SR L, H~250 nm BB
e e R 5 VYR 22 7 T PR ISR T 45 it e oRE 2 B A o
PRAL T TR, R X IR AL SR, i Rk
P A (EEN ALCa AHFI Al-Mn #H, JF%) 50-100
nm) MBI, DR S FE B mAT kPO
HISEIEE & S LM e, A S M 1 e s
FESETEZE 394 MPa, 1B T ARG 1=, 1028 Ak +
fn T AT R AL TR AR e A, AIRRRA ., R
B A T AER B T B 42 .

@[S

> e
3 Intragranylar
| LPSO-kink

& 40 um § e 10

—— —_—

Kl 6. |HTHETH (ED) siduikJia (DD) H)

Mg-9.5Gd-4Y-2Zn-0.3Zr &4 2 T HEF (BSE) EZPY
Fig.6 BSE images of Mg-9.5Gd-4Y—2Zn-0.3Zr alloy wire in the plane
perpendicular to the extrusion direction or drawing direction®*

3.3 EAHEBIRIA T Z

BBk AR B (EPT) ARy — ikt e s A\ 7 i,
FIEEARIR A AL R, i & B &S H 2 5 1ERE.
R AL SRR, R BRI BRR R,
WAL R AT N T SR A0E I, fEEEA R S P A

HH o
WEFEN G OSER F A h 25 B ik b ) 2% ©0.66 mm iR 4]
AZ31 BEG &L, IR ke 28, ST
PN G AR I P AR & BN PR AR T4 KR
PR EE, PRI 98 s AR (R A)
B TAcs, RE I ENT R R S 5 7 Hod %,
THILFEAERITR, I T R AR e A A e L R R
AR S TA N, BRI RS L2 Z) 1 pm, T2
B S AN R 2. R, AR A B A RS54k
T SAMBA MRS, ERmAMERE (HX
FUHTEED WA BLE ERKF 14.58 §94L2 7.18, 4
Mgttt — D e TR BV TR ), ARG
TIFMGEE 2R, HThiiEis 400 MPa, JEffiE
N 28.5%, AHLLEATAHERE, EPT SEEEELM I
H 5540 5 8 TR R LB R ) OB, TR TR
MEEZER . Sun SFEPER ATk MR K (EPA) X%
h AZ31B B & 22 UV EAT BT AT, I D] 4%t ook
28 1.00 mm AZ31B & 4242, AR TR IRES S
LI BRI B REY: EPA TZ
BARRBCTREMRS, T 1 7B Pk (e gt A 438
B, IEERS SR, RN SRR B R
Jh: & EPA HLJ5, &I MRIRIEH 4% K
RIRTT 22 28%, Wi Z IR VAT 3 5T 1) 4 s Sk 4L 22 4.11
pm, JEtE B-MgrAlARVEME, SHORTE I 2R 55 B A 4K
WA 8.26 [ 5.58, UMM RER G, FEEH
TEFREE T 0.15 42 0.21, FUIEEMIEH RS
RE MG R, MORHK BRI A3 B F R IR
BTN, K R R A B HE RN (R R
710 I EIRRALHIAZ A, HonT BB A T O
FEAALEE s BTy, AL EE 8 528, RN T &
SR, RERMESHERNEZHS, RAS
PR SR S SRR PR, RORIR B a4
1212 T RE /1. Shan SFUOOMSE—35 RGEAT AT 1 FE ik h
AEFRSHON S HIIR AZ31 BEE B LM AL LS )24k
RERISZI, BT 7 L L 22800 . R4 R ER,
ARG AZ31 el bk G, BEAEY
RRERS A, BRI RAL, [FIN RS
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ST RITE , 2R e P IR PR AR RS T AR %
k. Horb, ZBKTE 30 usy ALFERFE] 5 min fHE ko
WL, RFEMZEE TR Re el BrhisR i s, 1A
390 MPa, FEHFRAITA 29.5%. Ak, H ki b I i
RN SAERB R REIVER, FIABRIR AZ31 864
ORI TSI TAEf . EPEANE . SUMHBR S )
SEHLER AL ARITE S D) SRR B AR A
FE— P & ik RS SR L IR BT E

(@) (b) R (©
v ¥ . e ¢

B 7 NFRSEIKMET AZ31B kLK SEM B& () XTELRES (b)
EPA-60V, (¢) EPA-90V, (d) EPA-120V, (e) CHT-190°CE”
Fig.7 SEM images of AZ31B specimens with different experimental
conditions (a) as-drawn (b) EPA-60V, (c) EPA-90V, (d) EPA-120V, (e)
CHT-190°C”!

g baran, kB R IR T2 R B S S AT
SO A RO T A AR Sy, R
THEG G LMV EYERIERE /1. BUAh, o Bkt FL A
AR A B M BRI 8 TR AR R, PRI R AR
JE T, RTHEEE ST

34 BEBBAEIZ

7 IR S A B < SRR RO 2 — MR R R S B T
2, PIREA MEHRRIE ). 1R & BAR B R IR b %
PRI R, ZEWFES TN ZREN 10,
Z LB AE RS BE RS A SR BRI, #
JHER P AR ek RS IR 42 A4 BRI AR AT 9 5 oML A 2
A2, AT SR BHAL G SN T T 206 B B b ) 25 RO 42
AR, ARG AU )2 SR T %
HAt. Wen SFUCHE IR FX AZ31 BE&#ATHE 15
kHz. s KIIFE 2 kW FB A IRSHRE, RERA T
A IR ENO AR YEAT RO A, R IR AR AR Bl
AZ31 BBYEAT N E TR B3 O, TRERE 9T
FARB AR ARIRWESEAE T, A IRBh 3 BRI
BRI SRR R B RN, HA B A R
fRAE AL T IZ ZN P 3N . 22 5 T R8s e R 26
T, EAE RSSO N R BT R R

SR, AR B RO AL RS . % T B
7 AB T IRIR AL S AZ31 BE G SR L BYEAT NI
SR, NGB SR AR T AR A - Xie 250104
LR T ARSI AZ31 A SR A TS
SO, MBOUR FE R 7R T 8 75 0 RN R TR L o A
FE R B I 75 HR BN, Ak 80N 55 A5 3550 R B A7 LE
B FEHRIE Y 4.6 um BLAE RS TV A, SR AR T DL AR
ARE, ZRETH MR E S T AW SR
B, PR RAL OS5 48 2 S AL, BB R B IR
MAE RS R 2 T, A RN = A F R B b it A
SRR KA, FIR A AR PR i . A
gk, TE A LS MAE R, I A SN (4R
MR IR M4 . Liao 5 SIR A& T 5 Ik
MR REIER, X AZ31 BEG&RAMAE 150 °C. 200 °C
J 0~11.2 pm FRME N FEATHEE P IR B RLARLS, TR
YT T R P A SR TR AR AT N S O 4 2R s
B, BEAKR: RESIREE NG HEER, &
FZWIBEEMERAR N S S, — 3 SO EAE A
—BEERE TR, AORNRAR N ) BB, A E R
FERME AT — P TORX — 2R, FIRT SRR it
B IR Bl 22 AR B A T 45 i (S AR I 8], (R INId i 4
AR (CDRX) W2, ()75 hp R &R
w TERCEEGE/N ISR AR, AT S A R
P FIRS, ARSI AR G R A A,
B AL AT A T HES A, A R I
G RIS, XM SRR R B & SR
IEPESR TR A T RO AR - Huang SFUC[RIFETT
TR HRE S R A AZ31 B A SR I,
T SIRTT T R 4R ) 18] B A 1) 6 A A ) T M R P 52
=B TREGEEESEREN TZSHER. 4
RRW: IR P 4R 3 T T BRI A 45 S 1S B
B, ALBhAS P46 e EARIRE N RAE, AR T AZ31
F A IR AR BE R AR 0 R $RIRE N, R T
B K AR B A ARk Bl KIE 2, X 42 RO IR
WEER 75 BB AR I AR BUIK, Tl I K iR 50 ) B fff (R 8
FEREE BB RIM BN, SCILAES 5284 I S50
5 MEGERIRBN I T, APRL AL (e 266 i e 48 75
TERI BUE, Hhrhrsd FEREIESE /N, X2 i T [ B =X
7 P R G A P U R I A S RN, SR
AR R A, BRI S, AR T il &8
FERE, TR PR B AR B ) B R, A5 25 i 1
R, SEHL AZ31 BEA S IR 22 WM O B 1V R AR AL
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60 - (a) [CJwithout UV UV, £,=0.09 UV, g,,=0.11

Ewuv. e, =013 B CUV

TTTT259%
1
1

39.9

38.1

T
1
1
1
1
! 355
3

Elongation (%)

333 40.9
Amplitude (um)

_— (b) [ Jwithout UV UV, £,,=0.09 BRI IUV, £,,,=0.11
<8V E=Siuv. g,-0.3 Y cuv
T T 1
2201 | - i I
- 204.6 11°°7° 2046 8.7
£ 200 [FThos.6195.1947,, 193219281933 !
s ==t Er186.9
2 % = % =Rk
£ 180 =\ —\
S = =\
160 - = —]
140 = ]
333 40.9

Amplitude (um)

Kl 8 ARG (150°C) T AZ31 B4 41 /1 #ERel s
Fig.8 Mechanical properties of AZ31 Mg alloy at different
amplitudes!'%®!

R B B S B, A N AT IS Eh iR At
RER, FRIRIERERE ), (RtZR R AR, FRRIRAER AT
RITBEE S BIERIERE ) EREARIELR, &htE
PG AR RS, CLET PRI G IF 9SS . AR
¥, PHAGIESARTE, RN s, BT, B,
TR 7l B R A0 ATURS HE P R, A REAS R A HE B AL T
B ERFIRSCRFE TREARSIHE AZ31 &
BRI LM BRI RS T2, NEEIZTE
DAL AR A e S B A S 4 1 A i e IR 4 5 2 e
S

4 LERIE

KX H GBS SR LR AR AR TR LR
Hl& L2 0NE, RERE T ENSMIRBERE, U
W 7 EeTc RN BRI R R RN TR
MRS SRR, 2T, Bea eI 2L O RO 8 1R
IR, BB E-RR A T2 SRR AR 7, FUBk
BN WO AR T T LM ERE, NEEE SRR
SRR TREN I B 1 R SEIEA o (I X s i 2 26
FR P RN SRR LR R, VIR
- AR VEREAEHERIEA L . AR L. 5k
PR RPN LA ES F . ARRFIFRU TR FHL

BT, ErRkREMm LRGeS, maisl. LR

ReBEEAR L U BIAR, TP RBEIER SRR, &

PEIR 22 LR S8R 3G 55 IR 22 RIS B &R & 1

PR G IR T RO T2, BE— 0 RO LA 3 ik

—Rfe . BRI B FELIAAE PR AR 2 ) 55K
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Research Progress in the Processing of Magnesium Alloy Welding Wire
Guo Junhua', Yang Yang', Dong Xin', Guo Peng', Nie Mengjie!, Lu Quanbin'
(1. State Key Laboratory of High Performance &Advanced Welding Materials China, Academy of Machinery Zhengzhou Research Institute of
Mechanical Engineering Co., Ltd., Zhengzhou 450001, China)

Abstract: Magnesium alloy, as a lightweight core structural material, has great potential for application in aerospace, automotive, electronics, and
biomedical fields. However, its engineering applications are constrained by issues such as insufficient plastic forming ability and poor corrosion
resistance. Welding is a key means of manufacturing complex components, and the quality of welding wire directly determines the performance of
the welded joint. This article provides a systematic review of the current research status of magnesium alloy welding wire, analyzes the mechanism
of action and synergistic/antagonistic effects of alloy elements, elucidates the plastic deformation law of magnesium alloy in a dense hexagonal
structure, sorts out the technical characteristics and application progress of preparation processes such as hot extrusion drawing, hot drawing,
electric pulse, and ultrasonic assistance, and points out the shortcomings. In the future, we should focus on the development of specialized welding
wires, advanced processing technologies, and full chain performance optimization, providing reference for the research and engineering
application of high-performance magnesium alloy welding wires.
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