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Effect of Annealing Process on Surface Residual Stress of Heating up
Hot-rolled Mg-Al Laminate
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Abstract ; After rolling,a large amount of residual stress will be generated in Mg-Al laminates, which will greatly
affect the subsequent processing and service performance of the laminates. In this paper, the surface residual stress of
Mg-Al laminates after annealing treatment of different processes was measured by iXRD-X ray residual stress
detector,and the surface microstructure of the laminates was analyzed by SEM-EBSD technology. The results show
that the surface residual stress of laminates is anisotropic along the plane before annealing,and the surface residual
stress of laminates in different passes is different. The elimination mechanism of residual stress is different under
different annealing processes. Recovery annealing is at low temperature, recovery and recrystallization coexist at
medium temperature,and recrystallization annealing is at high temperature. The local orientation difference (KAM)
can reflect the distribution of dislocation density and thus characterize the residual stress. The smaller the KAM, the
better the elimination effect of residual stress. The results are helpful to improve the subsequent processing
performance and expand the application range of Mg-Al laminates.

Key words: Mg-Al laminate; heating and hot rolling;annealing; surface residual stress;microstructure

Wr#s B #:2021-09-06

BESTUE : (L7548 FHE R L 1(20181101008)

Fund: Supported by Science and Technology Major Project of Shanxi Province,China(20181101008)

YEE B A Sk AOHG (1996—) . 5 W LR A BR S O7 1) - BE SR AL R A2 A 28

BIEESE AR Q965 4 HiZ, TJ)T “““ T A BELH DL MU E L.

ELRik o S SR RV R e Y Ol < P )(IaXTﬂ(%WEL@‘:%uFA*ﬁi’%ﬁﬁi%r‘ﬁ MEZ L] A )R LA, 2022,12(5) : 22-29.
ZHANG Borui,ZHOU Cunlong,ZHAO Guanghui, et al. Effect of Annealing Process on Surface Residual Stress of Heating up Hot-rolled Mg-Al
Laminate[ ] ]. Nonferrous Metals Engineering,2022,12(5) :22-29.



LR

SR B 45 < 3B KT 200 Tl R LB AR 2 AR R 15 AR D ) S 23

PAeBA R RER .S REY R
[ R ) =W R | 2 R e a W A v
MR (TR ot A 2, SO0 L R VS B2 B . 4R
B A 5B A A I I R R L A L2
B WG T8 B % T SO it A i A AR 2 AT E R
W 2 A GRS R S A ERE . AT
HAb T2 502606 T 2 & %82 AR T 2
[ NG & = S J IR R - Pk S N
5% A% L 3 1 L A BE 8 )2 A ARG 1 b A7
e, FEZ B TR RPN BRI, ™
T2 AAUE R A RE . — S
HF s UM T 5 5= A2 i s AR S5 AR s 5 — 5 i
XPEE R 2 A A ) 8 4% M RE A EE RS2 i, n DKy 4 4
PE UL A7 6 ok vk E RN o7 PERE AR 220 . IR kAR
R R R R BRI €8 4 i 1 2 N7 g RN el 2 41
(05 0t ] A R R A A R ok A
Xt SiCp/6061A1 & A3 44k k4718 Kk 4b BE o Hi ok A
B ABEAR E] 1.7 MPa, X #6205 5@ 1 % 2205-
Q345R MRER A MWTIE » & 25 B 7738 K BE X
A AR BT o 5 A i R RE R AR K. JH
R Ze- T 2B B R A R AR KORE Ak N AR T
FT B IR 2 B, e SL R A L B R T IR
IR AT LT B LA b 2 i B AR AT L IR HE Zr
LES Ti nZMt— 2. PEFE N T
iB kX Cu/Nb 4 J&8 & A b 1 52 ), 25 5 % 3R ok
b PRA B F Cu/Nb & A M b 45 & 5t 1 45 6 5 % 1
. NIE Z0 A 58 & B, 200 °C J2 JG AH 48 B
FRZ A M S T B e e R KOIR B  IR KORT [] IR E AR
1~2 b B A R 4 45 6 )2 Fr iy 0948 KO
FE 250 C LA b, 2 JRE JBE £ B 0 JBE T 50 T 48 K L {HL 2E )
— RN RS FAR KRS ] Y RE K R 2 B K 7E 300 C
ND

1.Homogenization treatment

1060 Al: 350 “C+1 h

Q

AZ31 Mg: 300 C+0.5 h
|

Rolling deformation |

Rolling parameters

Pass Temperature Reduction
/c ratio/%

1 350 37.1

2 400 38.4

3 400 25.9

Total: 71.4%(7 mm—2 mm); 15

r/min

2.High temperature stage
1 EREMMAEMILGRER

Fig. 1 Preparation and rolling flow chart of composite billet

2.Surface treatment (polish and clean)

RD Al: 250 mm x 100 mm x 2 mm Mg: 100 mm x 100 mm x 3 mm
l:{>§j_|:{> ‘

Preheat :
400 “C+10 min
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3.Assembly Billet

Preheat :
350 C+15 min
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1.Low temperature stage
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Table 1
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H e FE KR T 400 C b, 2SR T4
T i B T e 19 IMCL i 8 350 C L b K i [A] iR
KL AZ3T Sk B0 Uk 2 A SR B A T % i R
IEH AR RO TE BURL A B 7R AR BF 58 ol 2 A A IR
ik BE T E AR 150~ 350 C By, MR B2 A1 7
SEIXE AZ3Y B A A TG I R B F 5T R st
6] 3% 52 7E 0. 5~3 h yi [ 4, LAk 6 R &5 fi BUE B
WEHAELES)ZE. BATZWNE PR,

BAGE TR

Annealing process

Annealing
temperature/ C

Recrystallization completion time of

AZ31 at each temperature/min

Annealing time/h

150

200 373.0~389.0
250 72.1~87.2
300 18.0~26.3
350 5.6~9.6

0.5 1.0 2.0 3.0
0.5 1.0 2.0 3.0
0.5 1.0 2.0 3.0
0.5 1.0 2.0 3.0
0.5 1.0 2.0 3.0

Note: Recrystallization completion time was reported in reference[ 19]
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Fig. 2 Surface residual stress distribution along (a)rolling direction and (b)width direction of each pass laminates,where the

positive value represents the residual tensile stress and the negative value represents the residual compressive stress

2. 1.2 B KHTJZ G BRSO 85 Bt

K F SEM-EBSD X} 2 1 s Ui 41 2% 3#F 47 i P
% B0, e L 0 3. R1 B4R 2B R T K & 2
T ahbL, i A mE B ERRZ WK 3O iR, K

Wb AR T 15T/ A R A (LAGB) , LA 3
(), LAGB [ 17 1 2 fd B2 8% 10 37 55 78 5 Ak 2%
N L R Y NS N R S AR N
T R2 A el 3 50 B 6 T A o T AL B 3



LR

SR B 45 < 3B KT 200 Tl R LB AR 2 AR R 15 AR D ) S 25

|52, A8 T2 ok N & AR L B 1 22 30 Ak 1 T JROR R
SR AR ORL . LB 3 (b o b kL P AR H B e B )
J& /N B i B o XS RE R ARG L DR I Bk A g A
FE R A FTEEAR R3S AN T R2 i —KZ N

£l

=50 yun; step=0.5; Grid420 x 300

S

ARV 3 AR 5 1] A2 R R 2 I L A e A2 D A
i Bl COL B3 Cedd sl B A B A — 7 i 119 72
KL 3CH R gk AR B ) T R2VIRTF RL,

(a) (b) (c)
0.35 RI R2 025 R3
Average: 8.0° 0.5 Average: 6.9° Average: 13.6°
0.301 <2°: 0486 <2°: 0.664 0.20 2°: 0316
025! 2°-15°: 0.388 0.4} 2°-15°: 0.222 2°-15°: 0.406
. >15°: 0.126 . >15°: 0114 | | >15°: 0.278
£ 020 €03 £ols
< < . <
e e =S
£015 £ ool £ 0.10
0.10
0.1I 0.05
0.05 (d) (e)
0 10 20 30 40 50 60 0 10 20 40 50 60 0 100 20 30 40 50 60

Misorietation angle/(°)

Misorietation angle/(°)

Misorietation angle/(°)

3 (a)~(c)EAMKEALAIPFE;(d)~(EERWRARMMTHERAE

Fig. 3 (a)—(c)IPF map of surface organization of laminate; (d)—(f)Average grain boundary angle of each

piece of board surface
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Table 2 Average residual stress of laminates after annealing /MPa
Temperature/ Time/h
C 0.5(R1)  1(RD) 2(RD) 3(RD  0.5(R2) 1(R2) 2(R2) 3(R2) 0.5(R3) 1(R3) 2(R3) 3(R3)
150 11.21 9.96 9.42 9.33 14. 96 11.92 13.19 4. 86 7.02 6. 40 5.82 5.45
200 12.70 8. 99 6. 38 5.99 8. 70 7.89 4. 04 2.31 7.55 6. 04 5. 88 4.59
250 10. 16 12.71 4.71 11. 10 15. 82 7.83 6. 74 6. 44 8. 04 8.68 7.46 8. 47
300 3.77 10. 85 12.79 20. 35 8.63 8.78 12.19 16. 45 3.97 8. 16 10. 02 11.54
350 9.58 20. 65 18. 39 27. 36 12.53 15. 10 16. 34 15. 89 8. 25 8.94 13.19 15. 20
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Fig. 4 Residual stress of the laminated plate with different annealing times
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Fig. 5 Microstructure (a)the average grain boundary angle and (b)the fraction of large angle grain boundaries
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