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BlFETR: (1) BHELHME SR NRINAEG S SRR P B R,
(2) #87R T Zr, Er, Sc &4 I0E N AlMg4. 3Mn0. 6Cr0. 12-H321TIG #4323k 42U RE A5 I AL 3.

KHEIR: AlMga. 3Mn0. 6Cr0. 12 A543 ; TIG S92, Figlhibd TR SRR
FESES: TG 457.1 XERFRIRAD: A doi: 10. 12073/;. hjxb. 20231204003

Effect of micro-alloying elements modification on the microstructure and
properties of TIG welded joints of AlIMg4.3Mn0. 6Cr0. 12-H321 alloy

GU Ningjie, WU Hao, MAO Xiaodong, SONG Xiaoyu, ZOU Liying,
DONG Xueguang, SHI Xiaocheng

(Chinalco Material Application Research Institute Co., LTD. td, Beijing, 102209, China)
Abstract: Tungsten inert gas (TIG) welding tests were conducted on AIMg4. 3Mn0. 6Cr0. 12-H321 alloy with varied micro-alloying

elements using ER5B71 filler wire. The influence of micro-alloying elements Zr, Er, and Sc on the microstructure, microhardness,
and mechanical properties of welded joints was systematically investigated. The results indicate that the base material exhibits a
deformed band structure, while the weld zone exhibits an equiaxed solidification microstructure. The addition of micro-alloying
elements Zr, Er, and Sc forms nanoscale precipitates in the matrix, which effectively pin dislocations and inhibit alloy
recrystallization. Compared with adding Zr element alone, adding Zr, Er, or Zr, Sc elements can more effectively suppress
recrystallization behavior in the weld heat-affected zone (HAZ) and reduce base material softening during welding. All five groups
of joints show W-shaped symmetrical microhardness distributions along the weld centerline, reaching minimum values in the HAZ.
Correspondingly, tensile samples all fractured in the HAZ. The butt joint strength gradually increases with the variety and content of
micro-alloying elements. When the Er content is 0. 35%, the samples achieve the tensile strength of 274 MPa with a joint efficiency
of 83.3%. The Zr-Sc co-doped samples (#5) achieve the maximum tensile strength of 293 MPa, corresponding to a joint efficiency
of 89.7%.

Highlights: (1) It was proposed to regulate the recrystallization behavior of aluminum alloy during welding process by adding
micro-alloying elements.

(2) The influence of Zr, Er, and Sc micro-alloying elements on the microstructure and properties of AIMg4.3Mn0. 6-
Cr0. 12-H321TIG welded joints was revealed. Mn0. 6Cr0. 12-H321TIG welded joints was revealed.
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Table 1 Chemical compositions of base metals and welding wire
ket Si Fe Mn Mg Cr Zr Er Sc Al
Je 2z 0.07 0.12 — 6.22 — 0.11 — 0.33 i
15 0.06 0.08 0.59 4.3 0.12 — — — N
2% 0.05 0.07 0.61 4.3 0.12 0.1 — — R
35 0.06 0.06 0.60 4.3 0.12 0.1 0.15 — A
45 0.05 0.08 0.59 4.3 0.12 0.1 0.35 — AN
5% 0.06 0.08 0.60 4.3 0.12 0.1 — 0.15 At
x2 TIGKEEIZSH
Table 2 Parameters of TIG welding process
T I RS NEENE KR M eI B R
I/A U v/(m*min ") d/mm O/(L-min ")
110~130 12~15 0.16~0. 18 0 12~15

2 S R AT AN ] DX Sl 1 Sl e B, k2 A4 0. 98
N, PREZIT[E] R 15 s, FKREE 0 ) PG O 55 FR 0.5
mm BT, SR JEM-7800F %137 & G414 s
XTI I TES 265 AR BT DL B ARG AL ki 20 2Lk A 7
NREL. X4 S P e X Al 2L A T3 ) 0 FE AT
B 47K (electron backscattered diffraction, EBSD) 43
Br, RS2 AL S, AT RO, ik
W 4 HCIO, + CH;OH(MA R EL Ry 1:9). 2K ] JEM-
F200 7Y% & B 5% (transmission electron microscopy,
TEM) Xof B A4 S AR T 52 ) X AT A IR 550 1447 W08
25 I F) FH BE 1% 1Y (energy dispersive spectrometer,
EDS) % AH o324 Tl

R40
2 i
b 50 ]

80 e 40

B 1 i EERS (mm)

Fig. 1 Dimensions of tensile test specimen
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Fig. 2 Metallographic coating microstructure of AIMg4.3-
Mn0.6Cr0.12-H321 alloy base metals
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Fig. 3 Metallographic microstructure of cross-sections
of the weld seams
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Fig. 4 EBSD microstructure of cross-section of the weld seam centers. (a) 1; (b) 2; (c) 3; (d) 4; (e) 5
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Fig. 5 EBSD microstructure of cross-section of the heat affected zones. (a) 1; (b) 2; (c) 3; (d) 4; (e) 5
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Fig. 6 Proportions of small angle grain boundaries in
the heat affected zones
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Fig. 7 TEM microstructures of welded joints. (a) 1#BM; (b) 4#BM; (c) 5#BM; (d) 1#HAZ; (e) 4#HAZ; (f) 5#HAZ
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Fig. 8 STEM images and scanning element analysis mapping of welded joints. (a) 4#HAZ; (b) 5#HAZ

AU Zr, Sc TR 5 SR iR, Wim i Hislm ) WAHR S IS, M 76.6% #2755 2 85.7%. LA
KRRAL, RS SHEMMESEREERM. N B8R, Zr, Er, Sc A& nRK s, 7l 7
Kl 10(b). ¥l 10(c) iR AT LA Y, BEE MG 4ICF  AlMg4. 3Mn0. 6Cr0. 12-H321 A%*ﬁﬁﬁ@%nm@
PR R A A HE N, FRE Sk S IR B M S RAARA TR, P 1R Sk ny R B

SRR B R, AR AR (IR AR DURLOR B BT P11 S A [R) R e S ) 2 ol A 22 0L W 2R 41



B3 ATA, L AL T EREAS AMg4.3Mn0.6Cr0.12-H321 44 TIG B4k 41 4 F M %8 133
100 | —-—%v;%
34
z 0F i
= I
™ 80
=
= 70
T 60}
50

7 E d /mm

B9 BEEIEREE
Fig. 9 Microhardness of Welded Joints
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Fig. 10 Tensile mechanical properties of substrates with
different microalloy compositions and TIG
welded joints. (a) mechanical properties of BM;
(b) mechanical properties of TIG welded joints;
(c) welding coefficients
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Fig. 11 Fracture locations of welded joints
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Fig. 12 SEM morphologies of fractures of welded joints.
(@) 1;(b)2;(c)4; (d) 5
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Table 3 EDS test results
(A Al Mg Fe Mn AT REAR
Pl 86.10 6.17 2.45 5.28 BHE. Alg(Fe,Mn)
P2 82.23 13.98 1.12 2.67 BHE. Alg(Fe,Mn)
P3 87.77 8.23 2.35 1.65 S Alg(Fe,Mn)
P4 84.77 9.95 2.13 3.15 BHH. Alg(Fe,Mn)

3 A G

A4 TIG SR R, R IO AR
P 3R 45 DR FHMLEEAS ], A5 R TR 1Y)
MMHREG TR fA AW 8 22 7. X T
AlMg4. 3Mn0. 6Cr0. 12-H321 & 4k ik, X R H
AR 22 Ty SBT1 Bk a2z, RN Mg TR
VATREE S, N2 M gerh Sc TEE RN SURDY, Kias
16 4 BT SO R, A TG X R, e
TS MRS WA PG IR X XL S 4
BT RFERT, TER RIMEE T 2R, i A KA TR,
SR BRG] DX P2 R R 22 R ) S R A T
B ARICR I AUKIRECH. T ARE S 4
JCRM 151, B —0N Ze TEM 2 SilMES
TEA A AR A B AL Zr KR T, TE—E R
TR TR S IV g X (1% ] A PG AR AT
by, B T I DR R SR, (AR IEAS
B . X TR AU Zr, Er LR 3 5 A1 4 54k
B, B A SR b S8 UK 451 43 A 1Y) Aly(Er,Zr)
KT A, IXEEGORAT HhAE S BRI AR, X AR
LR HEATFLVE LA 7(e), HI 55 T 180G A
A REE AR, IR T IR AR 20 25 4 i
TRAER, 38 T AR 1 4 kB, T L, ot
Zr, Br JUE R AN, 7T LA S0 6 A 2R 4
ZURFRLS ATy, W0/ NG il DX T8 B, 2 e 48
AR X TR AW Zr, Sc 1Y 5 5 iR, [FIAE
SAE LR P B R 1 AlyZr, AlySc, X Aly(Sc,Zr)
AT AR, M AlsSe M Aly(Sc,Zr) #15E T AlyZr
H1 Aly(Er,Zr) 29K T AR, 55 BRI RETC B2 S AR,
A IS, HETHLALEE | I s S RE ) R,
Fo B AR AL B 254, BELRSH 485 T BT HES I iy
TR SR UK AR B A A AR, S A IR
¥, T B A DX B N, FEAS IR B AR TR %
HLHZUULIE 5(e).

DL ESRE, G 40K Zr, Er Al Sc YIS
i, FTAE SR vh Az ORI 4 A KA AR, A S
AlMg4. 3Mn0. 6Cr0. 12-H321 & & B A8 44U 25
FfiRi R R, BG4 W45 IR EE , AR dE A
SO DX KA TR B 5 [) I A A% A0 T K A g T 2 21, 4
THEREE 1R 4 T, 425 AlMg4. 3Mn0. 6Cr0. 12-
H321 &4 AR

4 i

() FEM RIS T AT, RERCA 4 8o
AlMg4. 3Mn0. 6Cr0. 12-H321TIG #5423k I B &,
FREEIX TO] S ALBREG, 1646 BT R AT

(2) MRk W U FE T JR A R 22 WOIBXTFR
O3, TR XK B e IR, KR4 7 2 F R iar 3
W 7E RS X

(3) FEE A A TC R AR S i i 3G, 4
SO FE B Wb, KRR R BB AR Y Er o R
PErRH] 0.35% B, KRAEHTHIE Bk 5] 274 MPa, 18
R BN 83.3%; EHURIN Zr, Sc TLR I 5 51k
P 3k b b i B B KA 293 MPa, M4 R
89.7%.
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