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Effect of compound flux on microstructure and properties of
TIG welded joints of AZ31 magnesium alloy
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(1. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China;
2. Chongqing Academy of Science and Technology, Chongqing 401123, China)

Abstract: GTAW (TIG) method was applied to the AZ31 magnesium alloy’s welding and the effects of new compound
flux on the microstructure and properties of TIG welding of AZ31 magnesium alloy were investigated to develop new
method and technology for promoting the quality of magnesium alloy welding. The results show that the new compound
flux can optimize the welding thermal cycle through combining the arc-contraction effect and surface tension effect. Part
of the flux runs into the arc region and acts on the welding arc. The melting flux into the pool increases the welding
penetration of AZ31 magnesium and reduces the melting width by changing the surface tension of the molten pool
significantly. The new flux increases fusion zone grain nucleation capacity, refines the grain, and makes the second phase
distribute as network, which improves the mechanical properties of welded joints of AZ31 magnesium alloy.
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5 H TIG JRA LG, 1265727 K B 4 JE B iR s
PR R B ATAA 300%. TR Ak SR T VR B
SR LRI T BT 20 THHAD 60 SEACHIR, (HZEH
F) 20 el 90 FEARA A LERK S [F FK I LA (U
EWI Al TWI 25)JFJi#) 2 fFoe 4, e s vk n
PRGN UERRE S, AT AR 7 A, A
FAAEPRP B e, U Pl A 48 B R T B g Ao
WO, A kB AT B R RAEET ) Al
ST 4 A-TIG SR T — 2857 sk &1 SIRE
SISV 250 R A 4 A-TIG 1 T KR IIRT
58, AHKEB TS S o s — B, H AT,
RIS AR R N R B L
SRR, T A B AR 32 B R
Hith R K R IR H TR A b
T o P S o ) — BR AR R B AR AR B A
FEGIGINATLE D) AR R WL AT SR A AE A
KGN, HULELRELTT R — U 5T .

ARIANEET O E IR AZ31 BB A8
it A-TIG JEREEA SRPERE R, RIS 4
JEEE R TR L E, OB B T b B S aeds
Bebdr, SRR, RN HE .

SCIGER] 3 mm JE AZ31 BEA SHIERE, R
B 150 mmX 100 mm; #5722 3% FH 35 15 11
AZ31 BEGaR, HAN 1.6 mm, HALES S SR
M—FEAE 1) TRIPTUAER 99.99% K57 o 1EH
KA FAC IR S YE I BIRER, 3R 2 Fraloh
5 153 TR o B

SE 0 R HH B A G AR 5 Y2 (TIG) W 5 B A5 71 1)

F1 BEES AZ3 S

Table 1 Component of AZ31 magnesium alloy (mass fraction,

%)

Al Zn Mn Si Mg

2.5-35 0.6-1.4 0.2-1 0.1 Bal.

F2 HEEUIERIRISE O ALK
Table 2 Chemical composition of compound flux (mass

fraction, %)

KCl NaCl LiCl NaF

45 25 24 6

AZ31 BEE GO A TR, WEOR BB IR
MU SRR e, IR TR ab s, H
WO AR B 11 X 4k 30 mm P 4P Bz, P PRI v 3k
FURA RS o BERIR e ik ek i Ang)
JRAIFEAMRA TR, RE SRR T, K
VR BRS04 T 1 h, B 2B R
TR 2 it AR s AR I o R R A T 427
s, FRYPECRHAA T YC-300WX4 N Uz g,
FRPEHLMAE 100 ~120 A Z 18724k, 38 3 Prsh HohZ
A

SR HH B4 0 R R iy By R v A 4%
HATHEA I TR e Sk, TR kIR R] R 20 s, 4541
R T P8 R AE B 84 . ] MDS A0 s
TESCANVEGA 14 FiL ¥ R AU o) SR 42 3 %% X 3k
YL ZAIAT BRI AR o KR R Sk B A R RE A
£ CMT-5105 Hi-1J7 g tRHR IR AL FREAT, S fidi s
3 mm/min. K HV—-1000 7 2 FCA% 3 11001 T 4%
BRI, 27 K 9.8 N, INZKI 8] 4 10 s,

RIS
Table 3 Standard parameters of Welding

Parameter Value

Diameter of tungsten/mm 2.0

Voltage/V 380

Welding speed/(mm's ") 6.0

Wire feed speed/(mm's ") 4.5
Space of tungsten/mm 3

Wire diameter/mm 1.6

Top cone angle/(°) 75
Flow rate of argon/(L-min ') 9

2 HR5UHE

2.1 BNRFIFTIRGELSIR . AT R R E R 220
PR 100 A IS, BRI R R AR IR A
1.8 mm, A5E4004 3.5 mm(JLKE 1(a)); RIMBHIEFRIRD
PRAERIRZI N 1.4 mm, #5400 4 mm(W K 1(b)). 7E
PR 115 A I, RS RE SEILIE (WL 1(c)
(d)), (R IR 4% 55 B BB B I 2, 2y
M4 mm, ARG 5EIE E] 5.5 mm(ALIE 1(d)).
PRBEHIRON 115 A, REEMZUIES WK 2(a)
Fos, JaiB ol 20)s. HE 2(b)rT LA
IB R ARG o B ek, I HR A% I B
SR UL, ARSI R H BRI AZ31
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B BRI BB AR, AEAR R R P 2
T, BERE RN AZ31 BES ERIERE,
FEBEIVE R o FEREMIERE A, g I 52 21 b D AR
FURIORY, B Gy U A, $ i TR aER
(LT iopDis=—

B 1 B SRR IR 52

Fig. 1 Effects of compound flux on welding penetration: (a)
With compound flux, welding current 100 A; (b) Without
compound flux, welding current 100 A; (c) With compound
flux, welding current 115 A; (d) Without compound flux,
welding current 115 A

Without flux

B2 B A d 5 SR T R S
Fig. 2 Effects of compound flux on weld width and weld

surface forming: (a) Morphology of weld; (b) Enlarged image
of weld morphology

2.2 BHIEF R SE I LB LR BY B2

PR N IR AR AT 23 4 BUR LA X J5 51X
FZ(Fusion zone). #Z X HAZ(Heat affected zone)Fll
4t BM(Base metal), Wi 3(a)fir, SEEHGY 115
A, PRBEE G X I 235 G i DORTE A () 20 23 1]
WA TS RUALIK(651 °C), Ty H R R R,
SRR R, KID A SR B RARAIT A 4 X 4 8 v
JEAL, SRS PR S Y B o-Mg 2R, TR
SO DX ) SRLBORR, A AL B DX R
Ik B A RN R R X ks ]S/, TR ]
)5y S — 2 MBI X A B S (LIE 3(d))

B3  A-TIG AR X I 1) B AL 2R

Fig. 3 Microstructures of A-TIG welded joints in different areas: (a) FZ+HAZ+BM; (b) BM; (¢) HAZ; (d) FZ
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&3/ e RN SR AN D R T S A S E ST AN
PUX BBy 1) AR, X e)E
WS AT AL, BR  S GREOR, el I
1 X 4 PR PR B [ 45 0, A3 R4 a-Mg
MY 2) SRk R IR it - AR B T, A
BUBBERE T AR IS s BRI R TIE, T 1t /)
SHNRAL 3) BRI R, SR, O
PRI BIPGEMIC, AR SRE I R LI 3(c)).

TN BIAR R A0 s £ DX s ) A PR I &R A5

AR FRIFR 3 £ DX R/ o AN 5215 B A7 70 B SR 4
PEIANFRI AT, A PEAIE AR, B T
DS B R RO, AR AR DI R, 2
b, SR RIA1E,  [FINEE AL p-Mgys Al Y
KT, W 4 s

HRT, B s SR L B AR ] ) 2 22
AW BT SEBARIIIEHIE IK, ASSER AR 42 X
EER AR R ESREAT AR, A R REAS 21 )
WSy, B 5 P g frag b ik M as K. 48

4 FUN 115 A RREE RO RN

Fig. 4 Microstructures of weld centers at current of 115 A: (a) With compound flux; (b) Without compound flux

& s

ISINBNRFI AZ31 8254 TIG 45k FZ X
[FITCER A

Fig. 5 Distributions of elements in FZ area of welded

compound flux

seams of TIG welded AZ31 magnesium alloy joints with
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b R 3 AN RSN, Na R AR T
K W&, mEAwIgEEsr K &1 Nao X —
MBHIREE : il 45T, NaF AR5 ROCK
FEA%, KCl. NaCl 28 AR FaSse NHL R AR SeEe
B E A E LB R RSB — D7, i)
PRI 2RI LA R T FE e H g FE X3, AN
TR AZ DB H TR B A B R B RX, X
{F N PR PR, e i i B B4, Adran
AOEAE TP ER TR, B “ryliieds” A ST
[T, J5 Rk e FRURE AN Jsits, A FH T it ] 1y i e,
LiCl. NaF i i 2m a2 1h iysk oe6 s, Skselek
AR Marangoni XYL T W), IR S % 45 Tt i
PP RIAE T, VbR g, B “SRmek )7 k.
TEXFPEGHERAERTT, AR, Mg,

2.3 ENIEFIFTIREE S R0

PR 115 A I, IRV T LR AE T )
IRERE AT & 6 s . M 6 ity Ze A2tk v UG
Y, AL TR R DL S PO R Skl S BN R S
Ais FEIZIRESEI 4 P BRI Sk 02 4 mm L
PRI DX S ARG, IR B R R R e Sk S e
M EEAE R0 60.5HV, 11 A IR AL S 8
S ML KN 55.5HV o PR ERE S AF T 1R P4
Sk (A PSS A IR 5 O o) 199 000 P DX 358 1) 28 3 3
K, ik BB R REAE, BRSPS Z ok
62HV o T Vs I 0 P A58 S 45 s P A B S5t v T s
I IEFIREE T IIE A o B0 R BRI I A S it
MR it 2, SR EE SRS 21401k, [ 28 ARV
B ST o I/ SRR S R AR R 28 AR e T
JRAE DX TR S

X AZ31 B SR RS A T R R,
PUhr s AW ZAA E R 4 Frsll. AZ31 BG4 R
(KT E LI 255.3 MPa, ¥ G BRI
SRR S W R B G S R AL, Lhr o A
242.3 MPa, 15 ZIBEM SRR 94.9%. 1A INE A BhE
PR RS W R B A ST IR b b, Prbramfs
9208 MPa, IAF|BERF R AL 81.5% . AINEHRHA]
IR SRR O O B AL, 122k BT REA A
MK, JT AT A AR A AL . T IAHT
RRANE, FEREIAS R0, WA )
SR T R It R T 5K ) AR A ), S R
PR FE TR IR SR i BRI Be R it %
TR, A SR, S R A A 1 55 A e
A NS X TR SRS o B R BRI (R I A4
HGIXALRAN, JFPEREAF R IHL T R X,

TEANMEBATAE T, PR AR & 2 A () P2
R R
64
=— Without flux
*— With flux
62+
N
jus)
2 60
£ s8¢
.§
561
54 1 1 1 1 1

-8 6 4 -2 0 2 4 6 8
Distance from weld center/mm

6 MR KIRE A

Fig. 6 Hardness distribution of welded joint

R4A AZ31 BEA BRI SRR g 2 VERE AN N AR
Table 4 Mechanical properties of base metal and welded joint

of AZ31 magnesium alloy

Material oy/MPa Fracture location
256
Base metal of AZ31
253
magnesium alloy
257
o 242 )
Welded joints 240 Distance from weld center
with flux about 4—5 mm
245
205
Welded joints 208 Distance from weld center
without flux about 0—1 mm
211
3 it

1) BB I REAE AZ31 B G ARk
TERUN T SEIUERE, > A, R
JREEA AT, ACAIRIEFAEER, AT 4l ff ki .

2) WrBhIRFIAE AZ31 B A R DL “ s
R4 ” L« RTisk I3 7 B AR RPLEAE R TR 4%
KCI. NaCl & 2|l 4ai)fEH, 1 LiCl. NaF it
SO A T R 2 THT 9K T SR B ARG R NI o

3) SRR AICE AZ31 B SR el R v B 4
KIFMHUSEFE ST, SIS a-Mg HRMIE R RE
77, AERL, DR EE RSP EPE R, [RIIAEEE —
FHAHZR f-Mg, Al Wi AT . 41/ o-Mg ZH 2R
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