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Effect of Precipitation of Impurities on the Recovery and
Recrystallization Rate of 1050 Aluminum Hot-rolled Sheets during Annealing

Hideo Yoshida** and Yoshimasa Ookubo***

It is well known that the recovery and recrystallization of pure aluminum are influenced by the dissolved
impurities, iron and silicon. In this study, we assumed that the dissolved impurities precipitate on the
boundaries of cells or subgrains during annealing and control the recovery and recrystallization rate in
the pure aluminum and adopted a new rate equation developed by Yamamoto, which contains the term of
particle number that changes exponentially. We found that the entire reaction was divided into two
reactions, i.e. the recovery process and recrystallization one analyzed by this equation. The entire

reaction was expressed by superimposing the two processes. In the recovery process, the value of the
time exponent is 0.5, which means the control of the dislocation pipe diffusion, by which impurities
precipitate on the dislocation cell boundaries. For the recrystallization process, the value of the time
exponent is 1, which means the control of the grain boundary diffusion, by which impurities precipitate
on the subgrain boundaries. Therefore, our assumption was verified by this new equation. Judging from

the activation energy, we consider that the precipitation of silicon during the recovery process and the

precipitation of iron during the recrystallization process control the reaction rate.

Keywords: pure aluminum, recovery, recrystallization, rate equation, diffusion of impurity
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Fig. 1 Silicon segregates or precipitates on the dislocation cell at RT (a), coagulates
and forms silicon ring on the cell boundaries at 150°C (b), and this ring leaves

from boundaries at 200°C (c) during annealing in 1050 aluminum sheets
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Table 1 Values of parameters obtained by curve-fitting of the experimental data of Vickers hardness (normalized) using
the new rate equation (Yamamoto's equation) and JMA equation.

Equation Soaking Amzf:ca)lmg A m 71 Ny 7o B ns T3 ny T4
290 0.15 05 30 — — 085 2 5500 — —

No soakin 320 0.25 13 40 — — 0.75 3 700 — —

g 350 03 05 10 — — 0.7 35 105 — —

380 0.2 2 5 — — 08 25 48 — —

290 0.25 05 50 — — 0.75 2.7 1500 — —

. 320 017 1 10 — — 083 25 190 — —

JMA-— 1 600C 8 hFC 350 04 05 10 — — 06 3 34 — —
380 0.25 05 1 — — 0.68 5 10 — —

290 0.22 04 10 — — 0.78 2 1300 — —

. 320 0.31 13 45 — — 0.69 35 260 — —

600C 8 hWQ 350 04 05 10 — — 06 25 35 — —

380 0.25 05 1 — — 0.75 3 13 — —

290 017 05 80 5 60 083 1 6000 8 1300

No soakin 320 027 05 30 6 10 0.73 1 340 10 250

g 350 03 05 10 2 1 0.7 1 15 45 100

380 0.25 05 1 15 8 0.7 1 9 3 55
290 03 05 100 10 10 0.7 1 1200 35 280

. 320 027 05 10 5 15 0.73 1 150 20 45
Yamamoto| 600C 8 hFC 55, 04 05 10 1 2 | 06 1 2 10 10
380 0.12 05 1 1 1 0.82 1 4 5 5
290 03 05 100 5 20 0.7 1 1500 28 900
. 320 03 05 16 5 15 0.7 1 38 28 360

600C 8 hWQ 350 042 05 10 1 2 058 1 14 3 %

380 0.13 05 1 1 1 0.87 1 3 26 6
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Table 2 Values of parameters of new rate equation (Yamamoto's equation) applied to curve-fitting of the experimental

data of electrical conductivity (normalized) in Fig. 8.

Equation Soaking Anr(l%)l ng A n 71 ny T B n; T3 n T4
No soaking 0.2 05 10 2 1 0.7 1 15 45 100

Yamamoto| 600C 8 h FC 350 0.2 0.5 10 2 0.6 1 22 10 10
600C 8 h WQ 0.05 0.5 10 1 2 0.75 1 14 3 25
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Table 3 Activation energies of recovery and recrystallization

processes obtained from the linear approximation of
the plots between log 7 and 1/T.

Linear approximation (log7-1/T) | Activation

Process No 600°C 600°C A energy E
soaking | 8hFC | 8hwqQ |“*V¢r@&€| (kJ/mol)

Recovery 7502 7346 7570 7473 62.0
Recystallization| 12147 10133 9040 10440 86.7
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