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Recrystallization Behavior of Aluminum Plates Depending
on Their Purities
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Abstract Recrystallization behavior has been investigated for commercial purity AA1050 (99.5wt%Al) and high purity 3N
Al (99.9wt% Al). Samples were cold rolled with 90% of thickness reduction and were annealed isothermally at 290, 315, and
350°C for various times until complete recrystallization was achieved. Hardness measurement and Electron Backscatter
Diffraction(EBSD) analyses, combined with Grain Orientation Spread(GOS), were employed to investigate the recrystallization
behavior. EBSD analysis combined with GOS were distinctly revealed to be a more useful method to determine the
recrystallization fraction and to characterize the recrystallization kinetics. As the annealing temperature increased,
recrystallization in AA1050 accelerated more than that process did in Al 3N. Both AA1050 and Al 3N showed the same
temperature dependence of the n value of the Johnson-Mehl-Avrami-Kolmogorov equation(JMAK equation), i.e., n values
increased as annealing temperature increased. Activation energy of recrystallization in AA1050 is about 176 kJ/mol, which is
comparable with the activation energy of grain boundary migration in cold-rolled AA1050. This value is somewhat higher than

the activation energy of recrystallization in Al 3N.

Key words recrystallization behavior, aluminum, purity, hardness measurement, Grain Orientation Spread(GOS).
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Table 1. Chemical compositions of specimens (wt%).
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Aol ALRE A EE= AA1050(99.5 wt% Al Al 3N
(99.9 wt% ADSEA FAR(FAl =10 mm) FEHZ ()3t
FXForF o2 HE FYsiHon, sek4 242 Table
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E o9 7ty EHE gloa Y 23S 47] 9
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AA10507+ Al 3N AJHES 15x20mm 7|2 Ads}
3, HE8(salt bathys AH&-sked ZHzf 290, 315, 350 °COll
A1 ZFE Y 10000 7R AI7HS HSHA]7]E A
ojdd AT s 4ds AHEEF XS AHE
o] AEE 35 500 g} FAIAIZH(dwell time) 10 s2] =
A0 F 4 H]AZ(micro-Vickers) 7d5=A]$7](Matsuzawa,
MMT-X)Z AH&-ate] 24381tk EBSD £412 $la)A
g2k AJHE2] ND(normal direction)S I A4k
100 mL + o €HE 900 mL &S ARE-3fed —15 °CollA]
15ve] Agez 6 B2 A} & Foll, AALE F
APAAE R Z(FEL, Quanta 250 FEG) A&EoilE
EBSD(EDAX-TSL, Hikari) g ARE-sle] 48 43831
oh oluf, ARE-SF 7FE S 20kVO 2™, 800 um x
800 um WS 2E] Alo]Z(step size) 2 umZE S 33
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Al Fe Si Cu Mg Mn Zn Ti rem.
AA1050 99.511 0.290 0.090 0.020 0.010 0.010 0.010 0.009 0.050
Al 3N 99.905 0.028 0.050 0.001 0.000 0.003 0.000 0.013 0.000
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Fig. 1. Dependence of hardness on annealing time at 290, 315, and
350 °C of (a) AA1050 and (b) Al 3N: dashed line indicates the
hardness of as-rolled specimen.
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Fig. 2. Variation of calculated softened fraction with annealing time
at 290, 315, and 350 °C of (a) AA1050 and (b) Al 3N: solid lines
are fitted curves by JMAK equation.
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Fig. 3. EBSD orientation maps of AA1050 annealed at 290 °C for (a) 2 s, (b) 500s, (¢) 2000 s, and (d) 10000 s: grain boundary(6 > 15°).
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Fig. 4. GOS distribution plots for the minimum grain size of (a)
2 pixels and (b) 14 pixels in AA1050.
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Fig. 5. Recrystallized area(GOS < 2°) of AA1050 annealed at 290
°C for (a) 2 s, (b) 500 s, (c) 2000 s, and (d) 10000 s: grain boundary
(6> 15°).
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Fig. 6. Variation of recrystallization fraction with annealing time at
3N: solid lines are fitted curves for AA1050 and dashed lines are
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Fig. 7. log(-In(1-X)) vs log(time) plots of (a) AA1050 and (b) Al
3N: solid lines are linearly fitted lines.

Table 2. Values of n at different temperatures for recrystallization
of AA1050 and Al 3N.
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290°C 315°C 350°C 290°C 315°C 350°C
n 1.2 1.6 2.5 14 1.5 2.1
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Fig. 8. Inverse-temperature vs In(tx) plots of (a) AA1050 and (b)
Al 3N: solid lines are linearly fitted lines.
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Table 3. Activation energy for recrystallization of AA1050 and Al 3N.

AA1050 Al 3N
to.2s to.50 to.7s .25 to.50 t0.75
~158 kJ/mol ~176 klJ/mol ~189 kJ/mol ~139 kJ/mol ~150 kJ/mol ~158 klJ/mol
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S RFH Ast AFE 2AMISH, EBSD &4 2%
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U2 QA AL vlw BASET

1) AEdd 2=7F =S5 AA1050004 2] st ¢
E7F Al 3No|| H|sto] w2 A7 ol =m, dAsly=
A7 M9 AA1050°1W = O FUTE A= A 9
F&2 3E gt Ax AR Qs A

pj‘ ‘ﬂ.“‘g
2% Bgds AAEA Ggrh gebd 2 Ape 2
o] Mygo] AW FjH o ojde Lxvt S A
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A BE&s ded 4o, AA10503 Al 3N
ANAA Ase 2 e o] el o] dojxl
IMAK 219 n 3 AA105091A41E= 1.2-2.50]1%037, Al
INOIME 14-2.101%0eH, = A& E—‘?Oﬂfﬂ Ry
71ErE AXE AFE BT B3, AA10509] AE
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