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Fig. 1 Effect of the contents of solute atoms in aluminum

alloys on the stress increase rate'”.
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Table 1 Stress increase coefficient of the main additional elements'’.

R

Si

Fe

Cu

Mn

Mg Cr 7n Ti

Cp

0.276

6.700

0.288

1.060

0.244

0.535

0.003

-0.081

54

UACJ Technical Reports, Vol.7 (1) (2020)



Al-Fe REELE THEMMT7 VI = A QR - T RIS RIZTREE L Fe, SiETORE

55

WEAAT > 720 Fig. 2136 B IEMA SIS 72K/ £ Tt
&L 72O LA TH Do 50% LM IZHRAL L 7% 2
57278, 85%EHEM 1Z 3 CISHkAL % Bt L 24 BE [ T8
TL729, 5%EEMIFZITITRIRTHMEMNT 5. 2D
FEAS 20 B 13 4 O B EE £799.995% & AN M A3 i
W2 % & A5 IE X 100°CIC %2 % & KRB & 138 R T
W5, Fig. 313D Si% Al20%FelZifM L7z & &
DHIEZEALTH A, FedDH 2 5 L/NERIMTIET
WALABIAE L, Al-2.0%Fe TN LR 50% T L#kAk
MIEE Y, SIEAH R TL B EMTHIL LIS K & %,
MTHALDBERE %2 N2 72012, ARSI 97996,
99.99, 99.999% O 7V I = v7 AT HER O AW 0l E
EMT AL O BRZE N7z ThE Fig. 412131,
400°C T24 MR D YL Y — % ¥ 7 1$400°C T 24 i £ 4E
24T\, 400°C TLIFMDIA %47 > THMEL % 17>
720 99.6%Al, 99.99%A1IE3E L\l TAiL % & U 7278,
99.999% Al T3 FE LN B 40% % Tl TRifb % 7% L
40% % B 2 T2 5133 L CBAL L 720 95% ¥ I IE 1 1%
D 996% Al DMFKITEIE S N7z F T OMMETD - 7275,

40
go PS o--
235
g
= Reduction
£30 ®50%
2 g\ 085%
[}
S 25
2
\\o\
20 =
0 10 20 3 40 50 60 70 80
Time / h

Fig. 2 Effect of cold rolling reduction and duration at
room temperature after cold rolling on Vickers
hardness of 4N-based Al-0.5% Fe alloy'®.
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Fig. 3 Effect of cold rolling reduction and Si content on

Vickers hardness of 4N-based Al-2.0% Fe'®.
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Fig. 4 Effect of purity degrees of pure aluminum on

work softening'”.

60

Al-1.7mass%Fe
Soaking 400°C/24 h

a
(=}
T

o
(==}
T

)

Vickers hardness
w
(==}

TA: Intermediate annealing
-O- nolA
—@— 400°C/1 h IA

=[O+ 600°C/1 h TA

0 L L L
0 20 40 60 80 100

Reduction / %

Fig. 5 Effect of intermediate annealing on work softening

of 5N-based Al-1.7% Fe'9.
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Fig. 6 Recrystallization temperatures of 2N, 4N and
5N-based aluminum sheets and 5N-based Al-2.0%
Fe alloy sheet intermediate-annealed at 400°C or
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Fig. 7 Change of the tensile properties of a cold-rolled
sheet by isochronal heat treatment from room
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Fig. 10 Microstructures before and after intermediate annealing®.
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Fig. 11 Nominal stress and nominal strain curves of 1200 sheets isothermal annealed at 250°C

for several minutes?.
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Fig. 14 Micro- and TEM structures of the cross-section of 1200 sheets as-rolled and annealed at 250°C for several minutes®.
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Fig. 16 Effect of soaking conditions on the change of Vickers
hardness of an 1050 sheet hot-rolled at 500°C and
isothermal-annealed at 350°C in a salt bath®".
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Table 2 Values of parameters obtained by curve-fitting of Vickers hardness’s experimental data (normalized) using

Yamamoto's equation and JMA one?.

. Annealing
eq}iz?ieon nggli{tl;i S temperature A m 7 7 72 B n3 73 0y 74
290 0.15 0.5 30 - - 0.85 2 5500 - -
X 320 0.25 1.3 40 - - 0.75 3 700 - -
No soaking
350 0.30 0.5 10 - - 0.70 35 105 - -
380 0.20 2 5 - - 0.30 2.5 48 - -
290 0.25 05 50 - - 0.75 2.7 1500 - -
320 0.17 1 10 - - 0.33 25 190 - -
JMA 600°C/8h FC
350 0.40 0.5 10 - - 0.60 3 34 - -
380 0.25 0.5 1 - - 0.68 5 10 - -
290 0.22 0.4 10 - - 0.78 2 1800 - -
320 0.31 1.3 45 - - 0.69 35 260 - -
600°C/8h WQ
350 0.40 05 10 - - 0.60 25 35 - -
380 0.25 05 1 - - 0.75 3 13 - -
290 0.17 0.5 80 5 60 033 1 6000 8 1300
. 320 0.27 0.5 30 6 10 0.73 1 340 10 250
No soaking
350 0.30 05 10 2 1 0.70 1 15 45 100
380 0.25 0.5 1 15 8 0.70 1 9 3 55
290 0.30 0.5 100 10 40 0.70 1 1200 35 280
320 0.27 05 10 5 15 0.73 1 150 20 45
Yamamoto 600°C/8h FC
350 0.40 0.5 10 1 2 0.60 1 22 10 10
330 0.12 05 1 1 0.32 1 4 5 5
290 0.30 05 100 5 20 0.70 1 1500 2.8 900
600°C/8h WQ 320 0.30 0.5 16 5 15 0.70 1 38 2.8 360
350 042 05 10 1 2 0.58 1 14 3 25
380 0.13 0.5 1 1 0.87 1 8 2.6 6
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Fig. 18 Effect of soaking conditions on the change in the
Vickers hardness in 1050 aluminum hot-rolled
sheets annealed at 350°C®.
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Fig. 20 Superimposition of the curves calculated by
Yamamoto's equation on the experimental data
(normalized) of the Vickers hardness, (a) no
soaking, (b) 600°C-8 h WQ, (c) 450°C-8 h FC*.
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Table 3 Values of parameters obtained by curve-fitting of the isothermal annealing data (normalized) of the Vickers

hardness and the electrical conductivity using Yamamoto's rate equation®

'30)

Soaking A m 71 n2 72 B ns3 73 n4 74

No soaking 0.40 0.5 10 0.5 0.5 0.55 1 25 5 60

Vickers hardness 600°C/8h WQ 0.44 05 12 0.5 05 0.56 1 28 3 40

450°C/8h FC 0.66 0.5 1 0.5 0.5 0.32 1 0.2 3 40

) No soaking 0.63 0.5 4 0.5 0.5 0.34 1 5 5 5

Electrical 600C/8h WQ | 068 05 5 05 05 | 032 1 48 2 15
conductivity

450°C/8h FC 0.38 0.5 1 0.5 0.5 0.50 1 0.15 3 40
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Fig. 21 Effect of soaking conditions (no soaking, 450°C-8 h FC) on TEM structures of ingots and hot-

rolled sheets™.

Fig. 22 Dislocation structures (low and high magnification) within the grain after annealing at 350°C
for 300 min in the hot-rolled sheet of no soaking®’.
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Fig. 23 Schematic diagrams of recovery and recrystallization processes in pure aluminum®".
(a) Recovery process: disappearance process of dislocations and dislocation cells through the processes of segregation,
precipitation, and coagulation of Si atoms. Formation of subgrains was estimated to occur during hot rolling.
(b) Recrystallization process: disappearance process of subgrains and formation of recrystallized grains. Subgrains
were disappeared through the processes of segregation, precipitation, and coagulation of Fe and Si atoms on
the subgrain boundaries. Recrystallized grain boundaries were also segregated by impurities, which segregation

inhibit grain growth.
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