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Ê£¤ËÌ� 20 µm ÔÕt 6 µm�4567M_Ö
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 1  !"# 5083$�%&'� 

Table 1  Chemical composition of 5083 alloy (ω%) 

Mg Mn Cr Ti Fe Si Others Al 

5.008 0.603 0.102 0.031 0.262 0.119 <0.067 Bal. 



º950º                                         »�����3!¼                                             � 50� 

 

 

 

 

 

 

 

 

½ 1  �¾¿ÀÁÂ½ 

Fig.1  Schematic diagram of metallographic sample 
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½ 2  5083;S�|�� DWg D� 450 }T EBSDnÃÄÅzÆ½�nopqzÆ½ 

Fig.2  EBSD orientations (a~c) and grain size (d~f) of 5083 aluminum alloy heated to 450  at different heating � rates: (a, d) 25 �/s,   

(b, e) 250 �/s, and (c, f) 500 �/s  
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Table 2  Grain size of 5083 aluminum alloy annealed at different heating rates 

Heat rate/}·s

-1

 

Annealing 

temperature/} 

Holding time/s Cooling rate/}·s

-1

 Average grain size/µm Grain size grade 

25    7.43 10.8 

250 450 3 40 5.10 11.9 

500    4.98 12.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

½ 3  5083;S�| 500 }/s D���igXYT EBSDnÃÄÅzÆ½hnopqzÆ½���nopq]�ÇÈ½ 

Fig.3  EBSD orientations (a~e), grain size distribution (f~j) and average grain size changing with temperature (k) of 5083 aluminum alloy 

annealed with heating rate of 500 /s�  at different annealing temperatures: (a, f) 350 �, (b, g) 400 �, (c, h) 420 �, (d, i) 450 �, 

and (e, j) 500 �  
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Table 3  Grain size of 5083 aluminum alloy after ultra-rapid annealing at different temperatures 

Heat rate/
·s

-1

 

Annealing 

temperature/
 

Holding time/s 

Cooling rate/


·s

-1

 

Average grain size/µm Grain size grade 

350 5.23 11.8 

400 5.14 11.9 

420 4.82 12.1 

450 4.98 12.0 

500 

500 

3 40 

6.20 11.3 
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Fig.4  EBSD orientations (a~e), grain size distribution (f~j), and average grain size changing with deformation amount (k) of 5083 

aluminum alloy annealed at 450  with heating rate�  of 500 /s and different deformation� s: (a, f) 50%, (b, g) 60%, (c, h) 71.4%, 

(d, i) 80%, and (e, j) 87.5%�
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Table 4  Grain size of 5083 aluminum alloy after ultra-rapid 

annealing with different cold rolling deformations 

Rolling 

deforma- 

tion/% 

Heat rate/

�·s

-1

 

Annealing 

tempera- 

ture/� 

Holding 

time 

/s 

Cooling 

rate/ 

�·s

-1

 

Average 

grain 

size/µm 

Grain 

size 

grade 

50 7.94 10.6 

60 6.82 11.1 

71.4 6.03 11.4 

80 4.98 12.0 

87.5 

500 450 3 40 

4.84 12.0 
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� 5  80%��� 5083���� 500 �/s����������� EBSD !"#$%� 

Fig.5  EBSD misorientation angle distributions of 5083 aluminum alloy with 80% cold rolling deformation heated to different 

temperatures at 500 /s: (a) 350 � �, (b) 400 �, (c) 420 �, (d) 450 �, and (e) 500 � 

10 20 30 40 50 60

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Misorientation Angle/(

o

)

 

 

e 

10 20 30 40 50 60

0.00

0.02

0.04

0.06

0.08

0.10

0.12

 

 

N
u
m
b
e
r
 
F
r
a
c
t
i
o
n

Misorientation Angle/(

o

)

d 

10 20 30 40 50 60

0.00

0.02

0.04

0.06

0.08

0.10

0.12

 

 

 

c 

10 20 30 40 50 60

0.00

0.02

0.04

0.06

0.08

0.10

0.12

 

 

b 

10 20 30 40 50 60

0.00

0.02

0.04

0.06

0.08

0.10

0.12

 

 

N
u
m
b
e
r
 
F
r
a
c
t
i
o
n

a 



� 3&                        '()*+,-���.��/�0123��4 5083���5678�9:            �955�  

 

 

 

 

 

 

 

 

 

� 6  80%��� 5083��������3���� 450 �����;� 

Fig.6  Pole diagrams of 5083 aluminum alloy after 80% cold rolling annealed at 450  with diff� erent heating rates: (a) 25 /s� , 

(b) 250 /s� , and (c) 500 /s�  
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Abstract: GLEEBLE-3500 thermal simulation system and EBSD technology were used to study the microstructure evolution of 5083 

aluminum alloy under ultra-fast annealing. The effects of rapid heating rate, annealing temperature and cold rolling deformation on the 

grain size of 5083 aluminum alloy were discussed. The results show that the average grain size of 5083 aluminum alloy is refined from 

7.43 µm to 4.98 µm with the increase of the heating rate from 25 �/s to 500 �/s. After ultra-fast annealing (heating rate 500 �/s, holding 

time 3 s, cooling rate 40 �/s) at different annealing temperatures (350, 400, 420, 450 and 500 )� , the grain size of the 80% cold-rolled 

5083 aluminum alloy first decreases and then increases. When annealed at 420 , t� he minimum grain size is 4.82 µm. The grain size of 

recrystallization is affected by the interaction of boundary migration rate and nucleation rate. During the ultra-fast annealing at 350~ 420 

�, the nucleation rate increases sharply due to the rapid heating, while the nucleation temperature is low, which makes the grain boundary 

migration rate smaller, resulting in the grain boundary migration rate less than the nucleation rate, and the recrystallization grain size is 

refined from 5.23 to 4.82 µm; During the ultra-rapid annealing at 420~500 , t� he nucleation temperature becomes higher and the grain 

boundary migration rate increases rapidly. The grain boundary migration rate is higher than the nucleation rate, which makes the grain 

coarsening from 4.82 µm to 6.20 µm. 420 � is a critical point for the competition between the grain boundary migration rate and the 

nucleation rate of 5083 aluminum alloy. After 50%, 60%, 71.4%, 80% and 87.5% cold rolling, 5083 aluminum alloy is heated to 450  for �

3 s at an ultra-rapid heating rate of 500 /s and cooled at 40 /s� � ; the average grain sizes are 7.94, 6.82, 6.03, 4.98 and 4.84 µm, 

respectively. With the increase of rolling deformation, the grain size decreases, but after the cold rolling reaches 80%, the grain size 

decreases unobviously. 

Key words: 5083 aluminum alloy; ultra-rapid annealing; recrystallization; grain size 
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