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(interstitial-free steel, JGIHIFRIR F4N) HEATIE KA &
B, BEEIPGER H 35 C/s B NE 1000 C/s Ja, F
BIRR RS B 20 wm 803 6 pm, AR FAGH 6 ik
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Table 1 Chemical composition of 5083 alloy (%)

Mg Mn Cr Ti Fe Si Others Al

5.008 0.603 0.102 0.031 0.262 0.119 <0.067 Bal.
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Fig.1 Schematic diagram of metallographic sample
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Fig.2 EBSD orientations (a~c) and grain size (d~f) of 5083 aluminum alloy heated to 450 °C at different heating rates: (a, d) 25 C/s,

(b, €) 250 C/s, and (c, f) 500 ‘C/s
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Table 2 Grain size of S083 aluminum alloy annealed at different heating rates

_—_— Annealing L . _—— L .
Heat rate/C-s temperature/'C Holding time/s Cooling rate/'C-s Average grain size/pm Grain size grade
25 7.43 10.8
250 450 3 40 5.10 11.9
500 4.98 12.0

Area Fraction

2 46 810121416182022 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14
Grain Size/pm Grain Size/um Grain Size/pm
0.12
j 6.5 k
£
E_ v
26.0r
S
£55¢
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5500 N,
S 4.5}
<
0.00 4.0 . R R \
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Grain Size/um Grain Size/pm

Annealing Temperature/ ‘C

35083 idE bl 500 C/s IR A FIELEER K ) EBSD b AR HR I 20 A0 181 < ik RSE 20 A B R~ 38 ok RS A2 A i 35

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 ‘C/s at different annealing temperatures: (a, f) 350 C, (b, g) 400 C, (c, h) 420 C, (d, i) 450 C,

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

Heat rate/°C-s™! terﬁ;l:rzzl:rnjac Holding time/s Coo}énf_lrate/ Average grain size/pum Grain size grade
350 5.23 11.8
400 5.14 11.9
500 420 3 40 4.82 12.1
450 4.98 12.0
500 6.20 11.3

on

Area Fract
Area Fraction

4 8 12 16 20 24 28 ’ 4 8 12 16 20 ) 4 8 12 16 20
Grain Size/pm Grain Size/pm Grain Size/um
8.0} k
i E7sf
3 K70l
<
= 5 6.5
£ 3 6.0
@55
—
4 8 2 16 20 2 4 6 8 10 12 14 45 50 55 60 65 70 75 80 85 90
Grain Size/pm Grain Size/um Cold Rolling Deformation/%

K4 AREFAIBE 5083 & LL 500 C/s JHAZE 450°Cil KK EBSD ST 73 A B L SR RST 20 A0 B P B ok RO 424k
FERZTS

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 C with heating rate of 500 C/s and different deformations: (a, f) 50%, (b, g) 60%, (¢, h) 71.4%,
(d, i) 80%, and (e, j) 87.5%
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450 °C, PRUGHFIAIN 35, RHIBEE A 40 C/s)e MK
da~de W] LAWT RO SR, BEEVRELAZTE R H 50%H4
A 87.5%, 5083 BiG &Nk AWraift. B 4f~4) h
X IR KL AT, AR TE R S0% T, d ok R
LA 8~16 pm 28], FAE BRI 62.41%; L&
h 60%F, fkL RF FEAE AL 6~13 pm 28], (54t
TR 64.68%; BB E N 7T1.4%0F, fki ) 5
BEPAE 5~12 um 28], (H BRI 66.69%; B &
h 80%F, kL RSf FEAR AL 5~10 pm 28], (54
TR 70.91%; BB 8N 87.5%F, fki ]R~) F %
P 4~9 um 210, HEUEET 64.12%. M
X £ & AN AL AT SR R SE L R Se T e, 4
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Wr G 0, 5083 54 < PR AR K IR hRE RS AN W 41
the 50%AFTEE 5083 0G4 M PR IHIR KOS 1 dl ok I
K, FHIRSEH 7.94 um, ki 10.6 945 87.5%4%
JE 5083 F 4 Gl PR IHUER KOS 1 dhoRL B, PR RSE
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By P SWEETCOC, T dh ST R 8 E MR T R 1)
AL, R AT R i R SO I R, iR )
M Arrhenius J5 F ).
0.

M:Moexp(—ﬁ (3)
A, My AR JE I H 2 On R il TR W
A& R ASREE: T AT /RS .

[FIFERY, P4 B A% 2180 Arrhenius J7F%, WK
XER:
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HAEER: T RAIFR SR .
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R4 FRLHTRE 5083 & S RERAERRR T
Table 4 Grain size of 5083 aluminum alloy after ultra-rapid

annealing with different cold rolling deformations

Rolling Heat rate/Anneahng Holding Cooling Average Grain

deforma- .~ | tempera- time rate/ grain size
tion/% ture/'C /s ‘C-s'  size/um grade
50 7.94 10.6
60 6.82 11.1
71.4 500 450 3 40 6.03 11.4
80 4.98 12.0
87.5 4.84 12.0

JEAZ A N 2 BEW T i3 ok, 4 R R %2
i SO RS R M RUEAZ R N I RE R . Rk, 4 M
B 5 1) T v (3 O AR T N I R, Ay
dr A oRCREL A s M B R T T I B A T N
I, P4 il n R A

K 5 5083 M &4t 80% A ELARTE G AAS R
FE AT R PR IR K Chn#dg FE 500 C/s, fri 3's, ¥
IR 40 C/s) Ja ) EBSD B 2270 A B . 2438 kGl
&4 350 1400 T, /MRS (2<0<15°) 1Y
ELi R, 230k 9.6% 7.7%, 30°~55°2 [a] (i) K f J&
i WA 65.08% 66.78%; 4iB KL A 420 Al
450 'CI, KAMEESA (6>15°) K5 L R IF HAEA
A, AR 93.5%. 93.6%, M 30°0~55°2 [A] i
KA BE T AR WA 67.25%. 68.76%; 43 KR JE N
500 CHf, /NAERA (2<0<15°) KN 7.5%,
30°~55° 2 [ AR A 5 b S 20 7 67.51%0 BRI, 24 350,
400 CiB KW, WA ITHHEE MK 4 420~500 C
BRI, SFNTB R MR .

1t 350~420 “C 2 [A]E HREGR KIS, Bl 5a~5¢ iR
(AR I )P 85 it R o /N A Rt 9 T o B A AR
i B R PR R O FR P ST R MG JF HAN
LA ST b FOBIAR s oG, 1 I B A IR R R T
M R RIS, A% N BEE R T = oK
AL, AF ST R M N TIRZE N, Kl bR
JER TR, R AnAG, SRR 5.23 pm (350
Cid-k, WHE 3a) #i/hg] 4.82 um (420 ‘CiE -k, WK
3¢); 1E 420~500 CiEEPRHEIR KIS, WK Sc. 5d. Se
BT 7 B3 KI5 P 45 5 Aok o oK A B S BT o B A e
N EN RS =L RV € N L Y ST S E D SU R
i ST R R M OBCK, B R ORI T s MR
KB K, MR N BRI N, 5T
BidiR M KT AR N, B B 0 T & ok A
AL, fokL R SE A 4.82 um (420 “CIE k., W 3c) #
KF] 6.20 um (500 CiE -k, MWK 3e). 7 500 CEtR
ORI, TR KR AR, A ST R R M I
KTRMEN, 15 5083 £54 4 okt RF KK,
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ILENT 6.20 pmo ZE EPTIR, 7E 420 CEEPEHR K,
TEMR N 55 ST R R M 54 is B — ANl k.
DAL 420 °C 3B K I itk RSF fe /)

(e 52 RV &5 o TLARSE eI OC R, 3 R FHIR O %
LS MMEMBAR R, A LA )G A SURAS K R
2, E AR WL REAITEARS, BRI
REAILAN 25 KM B2 N B, R B T DRIV L7 2R 1 A R IR A
HOKT P4 i UK BN 07, Ry P4 i gt KRB
BORT R % . deah, PRIl ik 5E B A BEAS R
KI5 AR LA B LA A% T R (o i, 0k 59 1 45
RiKOK . A LR TE &R 80%/ 5083 H4&
S LLZEIS 1 25 “C/s INHAE 450 CE ki, A HREKR
Sk R, BB T PR IR BN 0y, BT AR R RS
7743 um (WK 2a); AHAZTEEHR 80%H) 5083 4
4 UL 2500 500 C/s INHAE 450 CiB kI,
[EI= 0y P R e oy e | S P TR S 3D AN
SOk 5100 4.98 pm (LI 2b. 2¢)

BRI AR, AR TAEAFBEA S KR
JERBE, (ARSI IR SRR LA
JEEJG, 8T MR B — DT, M4k
W, REEERNEE— DK Bl (2D
AT, CUAE R IR SR AT PO R K, T DL v
semy, 1 N, W v/ N AN, R P 4G
oo AR A . BTLL, MR LR TR B 50%H % 87.5%

J5, 5083 Fa 5 < PRHR K IR SS d 1 28 R RS
i 7.94 um AWi4N{L 4 4.84 um (UHLE 4).,
3.2 BPLEMMT “LLMHIEh” X ERI B E NG
K 6 5083 Mt &4t 80% A 5L fa LAAN RN
POEETHE (25~ 500 C/s) & 450 CIBKJF (i
) 3 s, WHIEE 40 C/s) HI{001}. {101}, {111}
Bl o AN AH B, < iR ) FBLE {101} 11 43 A7
B, AR BRI 23 AT s E {111} A7 AR /D
SR AL R A b 0 W (TR Y& P e T
L5 AN 2Z 1) 5 76 {001} T 1A% P v A7 0 BH I 11 e 8 %
b7 AN I S (TR EEY 178 s TR DT A U N
X W] {001 } i B AT BEOLH R AR Ao HHIE W] 401, 5083
AR KIG, FEGSE RIS S (1) P 4 S 5
B KU {001}<100>, BEINFE L H 25 C/s fem e
250, 500 C/s, GaxBIRnm LR 2 S m, WO R IR
KAGS 50 2,17 2.34, 2,72 ol 2 5 B hn B i 1
e, S083 FRG A  F 4 SV B A BE 2 3 K. 2
FA) £ A5 P 5 it i R R R T AR AR /N, I I S R Ol 41
Pzl 7 PO, DR Ry SR IR A7 A0 AR 5 3t U T o e A7
AHZEANNR, ARG . R, SR KN #
W, S SPBUEMI A SN, AR R O
AN/, AT A0 Ak P 5 it il R RS o B DA A
JEH 25 C/s #4845 500 'C/s Jii, 5083 4 4 FF 45 7
Btk R~F it 7.43 pm 4046 % 4.98 pme.
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Fig.5 EBSD misorientation angle distributions of 5083 aluminum alloy with 80% cold rolling deformation heated to different

temperatures at 500 ‘C/s: (a) 350 C, (b) 400 C, (c) 420 C, (d) 450 C, and (e) 500 'C
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Fig.6 Pole diagrams of 5083 aluminum alloy after 80% cold rolling annealed at 450 ‘C with different heating rates: (a) 25 ‘C/s,

(b) 250 C/s, and (¢) 500 C/s

4 #

1) 5083 2544 80%MA FLAZ B J5 LA 25, 250,
500 “C/s [ in G & il 28 450 C R 3 s J5 L 40 C/s
R, BT R R SE 430 7.43 5.10 1 4.98
pm, B RGP BG T AR ) o R R KR FAoH
S5k 250 A1 500 C/s i, Frfd bR RSFAHZEA R, %
A, Bl INHGE S 25 C/s S 250, 500 C/s
i, 5083 B8 A 4 0 45 7 7 I K 8L {001} <100>21
Ry o JERE 2 B var, AR R R E 2 il 2,17, 2.34 I
2.72, “EUKHIZN 7 ISR BE I Ahod R R O M e, 1K
WAFLF SR R ST AR /N

2) 5083 a4 80%MARHLAZTE G LL 500 C/s
(1) P o B B T & 350, 400, 420, 450 F1 500
CHRUR 3 s JaLh 40 C/s ¥ H1, BT ok RS Je i/ 75
B, AE 420 CIE K, fbR RSF iR B i /N Ay 4.82 pm.
420 °C 2 b ST M AR A% 6 2 0] 56 e 1 — N Il 5t
M IR KT BN T 420 CHPEAZ R KT 5 ST R
K, BEIRFEMTEE, SRAKIN L 24IE KR KT
420 CIN s AT B MR K TR, BRI S,
FLANWORLAL -

3)5083 Hi G 44 50%-60%- 71.4%- 80%A1 87.5%
(A FLAZ K JG LA 500 °C/s (S P i S & THi 2
450 CHEML 3 s JGLL 40 "C/s A1, PG ok R~
3K 7.94, 6.82. 6.03. 4.98 fil 4.84 um, BHELHIAS
TE B TR 18 ok RO 90y, AH 2 v %L i AR 04 3] 80%
DL P B AT 8 PR AR KR RTINS B B2 . 80% A
87.5% 1 KA FLAR JE A 5083 202U H B A i 47 4
PR PRI AT T A B AF Tk, b PR 4h B
P BN E ARSIy, PRk T AR
B2
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Effect of Cold Rolling Deformation and Annealing Process on Grain Size of 5083
Aluminum Alloy Under Ultra-fast Heating

Su Yuanming', Zhao Yanjun'?, Chen Sihao', Li Liuyang', Hu Zhiliu'*, Wang Naixian’, Qin Yanling’
(1. College of Resources, Environment and Materials, Guangxi University, Nanning 530004, China)
(2. Guangxi Key Laboratory of Processing for Non-ferrous Metal and Featured Materials, Guangxi University, Nanning 530004, China)
(3. Guangxi Liuzhou Yinhai Aluminum Co., Ltd, Liuzhou 545006, China)

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 pm to 4.98 um with the increase of the heating rate from 25 “C/s to 500 ‘C/s. After ultra-fast annealing (heating rate 500 ‘C/s, holding
time 3 s, cooling rate 40 ‘C/s) at different annealing temperatures (350, 400, 420, 450 and 500 C), the grain size of the 80% cold-rolled
5083 aluminum alloy first decreases and then increases. When annealed at 420 ‘C, the minimum grain size is 4.82 pm. 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
°C, 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 um; During the ultra-rapid annealing at 420~500 °C, the 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 um to 6.20 um. 420 °C 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 C for
3 s at an ultra-rapid heating rate of 500 C/s and cooled at 40 ‘C/s; the average grain sizes are 7.94, 6.82, 6.03, 4.98 and 4.84 pum,
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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