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SIS ILH & = RN FE 1> Al-Mg B4, HA
XSy GEBRR A INE 1 s KH AL AL BE.
B4l Mg 58 Al-6Zr A1 Al-6Er H i) & 425 4 J5A4
Bl 28 700~760 CIEHH5E A% A 110 mm X 110
mmX270 mm & &5, EEEHE1T280 C,
10 h)+(450 °C, 24 h) MEIISIALHE G 238 L
& 6 mm BRAT, FEREAT 208 A FLAK 2.2 mm (1AL
W, AEABRAN 64%. ST 8 AELBA HE4T
(220 °C, 2 hyfaE Bk, 2R ERMHT
FSW Fl MIG & 82525

£z1 Al-Mg &4

Table 1 Chemical compositions of investigated Al-Mg
alloys
Nominal Verified
Alloy composition, w/% composition, w/%
Mg Zr Er Mg Zr Er
Al-Mg 4.5 - - 428 - -
Al-Mg-Zr 45 0.10 - 432 0.10 -

Al-Mg-Er-Zr 45 0.10 025 438 0.11 0.28

1.2 KWHE

HER NG TS SR KA, IR K
VRN 100~550 C. REMEE N 25 C. BA
BFEA 1 h, KA Z R, b5 AT 4E ICAE N

PRSI K (220 °C, 2 hfa @AM, 1&
PET7 13 BT 5L 7 H) o FSW R0 3 Sk Bl E XL
A TES, B4R 10 mm, JEEE E A 300 mm/min,
T B A 800 r/min; MIG 2R FHIMOE 2, 17
PR NER, 2L N 5356 15 42, IR R HLIN 80 A,
JEFERFE N 0.7 m/min o S PR SK R AL HEAT 4 EC AT
B, EH R EE O ) P 000 644 7 [F) B R 1 mm B
=Rl 7

P AR M P A OB KR RE R R B Sk R
RD/ND [ A7 BHB A B, K Axio Scope Al %
TMBHAT RO AL EL . KA Fischer HM 2000
T AR B S A T 4 TGRS A UK, 2R Ar o 0.98 N,
TNELET ]2 10 s AR h A M RE R A GB/T 228.1—

2010 7E AG-X Plus-10kN #7568 J15 R AL F AT
A

2 SLIGLER

2.1 A&RIRBERHZ

Bl 1 FsN 3 FiG E i SO (1 F5 45 B iR
FEFORE AR 2k . A 1 AT DU, RS R KR
FEMIBETE, 3 Fh & SO (R B S AT &S .
i B 2 3 R FIR KESSAHE L, o] AT
EAORE B P T P2 PR AR TR A 21 0] 52 R &5 R AT
S5, Hd Al-Mg &4 Al-Mg-Zr &4 WM 45
s IATE 210N 200 °C, Al-Mg-Er-Zr & 4H0h i
ShamiR iR FELIN 225 C.
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Fig. 1
Al-Mg-Zr and Al-Mg-Er-Zr alloys

Microhardness-annealing curves of Al-Mg,

HP 2 T3 ATAL, 24 Al-Mg A Al-Mg-Zr 4
AELRAE 250 “CiB-K 1 h i}, TEEERF(KZE SOHV £
s B AR H LI AT — 5 5 ST AR
P2 Sh AR RL(ILIE 2(a)Ri(e))s 4B KRS A 2
275 CHY, &AL TIFHLSRERIEZ, R
SO (R GURAR LRI R H U8 3, H S Al-Mg
GEAL, Al-Mg-Zr &1 S MR B,
2 R RTBUNOILE 2(b) I (6))

£ 300 CiE-k 1 h 5, Al-Mg 1 Al-Mg-Zr &4
REBUC AR AL C w2 a PR Sk
N, TEEEBEKE 65HV . Ah, Al-Mg-Zr &
L4 AL PR RGE L AL-Mg A 8 T 4h i i



FE31HBE 2 M

2 W, S R Er M Zr X AI-Mg & B A AT N RR SRR IK R R 291

(a)

B2 R KRR AlMg FI Al-Me-Zr & 4104 41

Fig. 2 Metallographic structures of Al-Mg and Al-Mg-Zr alloy subjected to different annealing temperatures: (a), (e) 250 C;

(b), (1) 275 C; (c), (g) 300 C;(d), (h)450 C
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B3 R KIREEALEE Al-Mg-Er-Zr & 40 44141

Fig. 3 Metallographic structures of Al-Mg-Er-Zr alloy subjected to different annealing temperatures: (a) 275 C; (b) 300 C;

(c) 325 °C; (d) 400 ‘C; (e) 450 °C; (f) 500 C

KL/, P BIPRS00 27.8 um AT 36.4
pm. Mt — P EIR KRR 450 CHE, Al-Mg il
Al-Mg-Zr & &4 fniiob 2R 2 LB ek, =
R Al-Mg-Zr &4 anki RO LB S A 51K
KEZ L 2(d)F(h))s
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RHBEEEIT Al-Mg-Zr &4 SR HR ARSI K
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SRR A B AT W 4 FioR . W 4 T LLE
t, FSW SR MIG A4 Sk (0 Al A 23 A b 45
AT FEAR B, BLUREE(WZ)H L X PR A,
PR 52 A ARG AR 73 AT

HE 4@ LBHEEH, Al-Mg. Al-Mg-Zr fl
Al-Mg-Er-Zr & &R HAAAE D 10 mm B2
WEFEARAE X 38, AL EARAR Y, R 53 2
N 68HV. 70HV Fll 78HV, XN AMEEX IR, W&
WEEIREETT IR, BHRE AW by, AR RS A
Wi (X d(HAZ), #AG20 X 50 5 4~5 mm.o B 5L A
FFERE, BB X E(BM). 3 & S B
T2 43531y 89HV . 93HV il 95HV., AHLL FSW 4,
MIG [R5 kAR AR L AR AR AT, (H LA R X
i P 5 B [X T L AR LURE K Al-Mg. Al-Mg-Zr
Al Al-Mg-Er-Zr & 4 1R 88 b S AIRRE FE 43 7928 68HV
69HV F 72HV, Al-Mg-Er-Zr &4 MIG 15 4% 78 & AH
FEH FSW SREEAH FE B R BOR . 3 M & BEM AR
PSRRI R 2 s R 2 T DA R
T Er fl Zr TR EABRINEER S T 548050
FERIIESE 28, Al-Mg-Er-Zr &4 BER ) i IR0 i
L 5 EE Al-Mg A1 Al-Mg-Zr &4 1175 30 MPa
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RSN SIR Bl L FB 5 F 45 4L 23 A
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PRERER I BRI A AR, EENEIEHLR N
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Fig. 4 Microhardness distribution of welded joints: (a) FSW; (b) MIG

F 2 AERPMRIEESL T R
Table 2 Mechanical properties of base alloys and theirs welded joints
Base metal FSW welded joint MIG welded joint
Sample 002/ oy/ o/ 00/ oy/ o/ Welding 0o/ oy/ o/ Welding
MPa MPa % MPa MPa %  coefficient MPa MPa %  coefficient
Al-Mg 201 292 17.7 165 237 14.4 81.1 134 205 12.0 70.2
Al-Mg-Zr 203 294 18.5 170 247 14.9 84.1 138 209 9.3 71.1
Al-Mg-Er-Zr 237 328 16.1 195 281 14.4 85.7 170 262 10.3 80.0
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Fig. 5 Metallographic structures of FSW welded joints of alloy: (a) Al-Mg alloy; (b) Al-Mg-Zr alloy; (c) Al-Mg-Er-Zr alloy
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Fig. 6 Metallographic structures of FSW welded joints of alloy: (al)—(a4) Al-Mg alloy; (b1)—(b4) Al-Mg-Zr alloy; (c1)—(c4)

Al-Mg-Er-Zr alloy

AR PUFSE aTERe, JFAG LTS5 & deoR AL B 55
PREEGIT, #9559 0.91 mm, ZERE4r e X DL A
HHFAF . EERMPHNLEZ X TMAZ-RS(A,
& 6(a3)~(c3)), Al-Mg 1 Al-Mg-Zr &4 HAFAD
FEASTAE A, JUHE Al-Mg & 4 P 1 ki R~
K, 2158 30 umo FEIEAZ 0 X NZ(WL K 6(ad)~(c4)),
3 MG S SR g/ S R R, LR
Al-Mg-Er-Zr &4 ki AN, P8 sk R
N4 pm, KT Al-Mg Al Al-Mg-Zr A& (21N 5~
7 pm).

B 7 BN 3 B SR MIG R4z 3k 44
AL BEAN IR B S A U R AT LAY N R 4% X
(WZ). J8& X (FZ)MMGEMIX (HAZ) = KB, H
ANFEALE AR H R K 8 frn. 5 FSW AR#:
R, MIG R TR, JRssh 8 2o
(0550 gt ) A L URRAE, (EARSE TP O R L X (NZ) K
RIFAEZEZ(LE 8(ad). (b4)Fi(cd)), Hr Al-Mg
BEM Al-Mg-Zr A4 FE NP HER B,
Al-Mg G&tURSAH R B NHE, MHELZT,
Al-Mg-Er-Zr &&MECRFEHL A kE. @
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Fig. 7 Metallographic structures of MIG welded joints of alloy: (a) Al-Mg alloy; (b) Al-Mg-Zr alloy; (c) Al-Mg-Er-Zr alloy
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Fig. 8 Metallographic structures of MIG welded joints of alloy: (al)—(a4) Al-Mg alloy; (b1)—(b4) Al-Mg-Zr alloy; (c1)—(c4)
Al-Mg-Er-Zr alloy
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X 3 Pra 4 MIG IR 443K I FAGE m X (HAZ) 2L 2R
fEZE S5 FSW IREEHCL IR AL, RO I X
AN LS R EAR, B T Er. Zr SR
TN, XA H 245 a3 R .
H & 8(a2). (b2)FI(c2)m 41, Al-Mg 1 Al-Mg-Zr &
S GO X SO R P S R, H Al-Mg &
SIS S SR RSB AL-Mg-Zr A4 IER, 7
A 45 um A1 37 pme 1] Al-Mg-Er-Zr & &0 X
ALK LI S HL U F, A D= 4
B AR o PR BT Y R X HAZ-1(MLIE 8(al)s
(bDHFI(cl)), Al-Mg & &0t X Ik 2K SR DL &5
m LU, TEREUT REMUA7TE AR 58 B F-45 o 1
B AR AR 8(al)), Al-Mg-Zr 420 B X 35
LA FELLREHLUN T, NAEFEUT RSN H B>
VREI/INFR 45 S dihE s 10 ALl-Mg-Er-Zr & 45 [X 35
HLURTHRR IR AL, B R I 45 b fn R AT
. B 7 7750, Al-Mg. Al-Mg-Zr fil Al-Mg-Er-Zr
IX 3 Pl SAR e S RS I X 45 o R X 3 58
4354 3.26. 3.03 A1 0.91 mm.

3 Sh51R

HERHREERBAHALGEREA, 5
Al-Mg #1 Al-Mg-Zr &AM, EE&UINME Er fl
Zr JLE I Al-Mg-Er-Zr & &R A 2 & &1 %
HEFES AR KAT N, R THE SR 4 i
FE, RN REA s A& S dhi gy, 127+
Hathfg. M —HmINE Zr TR Al-Mg-Zr &
&, BINME—ERRE LRI A H Y AR H R 25
AT A, BRURFARHE, HAMNE 2 g &
RABSKKRIME, XFEEARTEEY Zr oR
ARSI A . AEBEEIEREF, Zr JURAE AL T
KA, K& Zr TGRS £ T ahi
O R A X ST Ze X, T3 ALZe AHANY S
Bridts MR AR Zr XSmO, &4
SR ) A 20 4R T4 O R R K AT NI R
N Ay A AR e

X T Al-Mg-Er-Zr &4, BT & Er fl Zr 7o
REEWN, EEETRET, Er LRE Al PK
AL B, Er o & SR AR A X, SRt 2

WIREFATH, SR HHE T Ze X ALZe AT H
FemKE R U, 156 48 AT ST A
YREE 51 AT, B T A S A SR AR K
TR Ko, B T e FAS SR AN A
KRS [, 5 AlMg #1 Al-Mg-Zr &4 4L,
H Tl Er A1 Zr JLERE AW, Al-Mg-Er-Zr G4
i PR B R by SR FE 54 = T 30 MPa LA |

I A SRR RE AL T R B, R
FSW RHE /& MIG FRE:, 4% DX 2 B 1 e
Sk S AR, R SR R R R B Y
TEH ISR X I, 4T FSW 28k, HARIE
ZEIX IR SRR ZH 2R B T R AL, (EAREELLARE
PG X DA R A DA R 0 200 &, HAR ALY
TR 5 AX R0 2 1 T O P 20 B SR A BN, 6T 7 [
PR SR R o3 A1 it 2 r AR 5 DX 3 2 (R IR (O
Kl 4): [FIEE, MIG M4 R 48 X B RR B i b
A, BRI e ATH R, R RN
P 3 Mg Joa A AL, 5 #Gmm X ORI BE
MHIEAS AL S L, FR 88l BN A e B
VEE 55 14 A 1T e e BT 2

[, 3 Fh&are: TEAMHR, el
NAHIE], X AR X P 45 a1 22 R SR A
FETEETYRIRBHRER . Al-Mg & 45
X (M ZH P45 SR FE i N s Al-Mg-Zr B4l T
Zr LRI, A& ALZ 9PKR T, 75—
SEFEE L RRAE AN G X P 4 AT NI R,
ZERIXINTERE S Al-Mg & &AL E A — 2 X T
Al-Mg-Er-Zr &4, H T Er M1 Zr JITRINE &3
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N T B XE L, IS T R E RN AR
PR ALIE R, ORAIE T TR AR EH 2 0 45 M s A 25
Ri, $ew RSk kR, T, fE Er
M Zr TTERE G, ReB8AG JENH Al-Mg &4
AL LS AT N, B NEE A S rEERsk
MY, mEEREEER.
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450 C, [10] GUPTA R, ZHANG R, DAVIES C, et al. Influence of Mg

2) 5 Al-Mg 1 Al-Mg-Zr & 4 #t,

Al-Mg-Er-Zr &4:11 FSW F MIG J54% 25055 73
& 85.7%F1 80%.
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Effects of Er and Zr micro-additions on
recrystallization behavior and welding properties of AlI-Mg alloy

WU Hao, ZHENG Zhi-kai, REN Si-meng, LI Shu-lei, ZHAO Pi-zhi

(Chinalco Materials Application Research Institute Co., Ltd., Beijing 102209, China)

Abstract: The effects of Er and Zr micro-additions on the recrystallization behavior and microstructure evolution
of Al-Mg alloy were researched, and meanwhile, the microstructure and mechanical properties of the FSW and
MIG welding joints were also analyzed. The results show that the recrystallization and grain growth behavior of
Al-Mg-Er-Zr alloy can be inhibited effectively by microalloying with Er and Zr. Compared with Al-Mg and
Al-Mg-Zr alloys, the recrystallization start temperature and end temperature of Al-Mg-Er-Zr alloy increase to
225 C and 450 C, respectively, and the yield strength and tensile strength increase by more than 30 MPa.
Moreover, the recrystallization softening effect of the deformed microstructure, due to the welding temperature
field and welding heat input, can be weaken by microalloying with Er and Zr, the width of recrystallization zone in
HAZ is reduced, the microstructure and properties of welded joints are improved. The FSW and MIG welding
coefficients of Al-Mg-Er-Zr alloy increase to 85.7% and 80%, respectively.

Key words: Al-Mg-Er-Zr alloy; recrystallization behavior; welding properties; microstructure
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