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Changes in High-temperature Coefficient of Thermal Expansion
of Artificial Aging Heat-treated Al-Si-Mg-Cu-(Ti) Alloys

Se-Weon Choi'
Korea Institute of Industrial Technology, Gwangju 61012, Republic of Korea

Abstract The relationship between precipitation and coefficient of thermal expansion of Al-6%Si-0.4%Mg-
0.9%Cu-(Ti) alloy (in wt.%) after various heat treatments were studied by the thermodynamic analyzer (TMA) and
differential scanning calorimetry (DSC). Solution heat treatment of the alloy was carried out at 535°C for 6 h fol-
lowed by water quenching, and the samples were artificially aged in the air at 180°C and 220°C for 5 h. The coef-
ficient of thermal expansion (CTE) curve showed some residual strain and decreased with increasing aging
temperature. The CTE curves changed sharply in the temperature range of 200°C to 400°C, and the correspond-
ing peak shifted for the aged samples due to the change in the precipitation behavior of the secondary phase.
These transformation peaks in the aged sample are related to the volume of the precipitation of the Si phase as
determined by DSC analysis. The change in CTE is mainly caused by the precipitation of the Si phase in the Al-
Si alloy, and the size of the change occurs simultaneously with the size of the precipitate.
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Table 1. Chemical composition (in wt.%) of the alloys used in the experimental work

Al Si Mg Cu Fe Ti Sn B
0COT Bal. 6.5 0.44 - 0.12 - 0.02 0.00043
0CIT Bal. 6.4 0.44 - 0.11 0.1 0.02 0.00031
9COT Bal. 6.6 0.43 0.9 0.12 - 0.02 0.00031
9C2T Bal. 6.3 0.44 0.9 0.11 0.2 0.02 0.0050
A10C Bal. - - 1.0 0.04 - - 0.00052
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Table 3. Test conditions for the thermal properties

Table 2. Heat treatment conditions in this study

Holding Time Temperature
Solution treatment 6h 535°C
Quenching 10 min 80°C
Attificial Aging 5h 180, 220°C

o] UERth Alge] 8AIst Age 535°CelA 6
A7 B FAAIZ F 80°Ce] wpEEgk Bojl i
stAth 1 A& Exge 7] T4 180~
220°C9] L=olA FAHAC. X AL Table
20 UERATH GG Wske Ellsol 0.125
nm?) F717A £47](Netzsch, TMA 402 F3)5 At
83l SAITE AP BHE 71 =X a9E
AAS] 3l mIAl ettt EEAIEHS Q1%
AltololE ARSSHAAL, AlFHel 50 mNe] IAgH
S 7Blal B =4 AIT)S 25~500°C] &%
oA 10°C/ming] 52 $E2 =331} 112
B A2 750 m/minyE AMESle] AEHS 215
ZHE ®Boela, AEES 8§ A7} ol
FI RS W 2 UE ARESl] do] Wsks &
A3ITh TMA 71712] e &% wgos 4
H ASTM EZF ¥y E83lel we} 39Ut

Test Apparatus Test condition Specimen geometry Comments
The test was performed
Dilatome Netzsch, with a constant load of 50 | 6 mm in dia. and 25 mm
try TMA 402 F3 | mN over a temp. range of | in height
25~500°C
ASTM E1269-11
. PO Sapphire as a reference
Differential scanning | Netzsch, E;gg?glgrﬁfczz(;omm 5.2 mm dia. and 1.5 mm | material
calorimetry DSC 404 P 2 thickness The variability in the thermal
atmosphere
measurements was less than
+5%
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Fig. 1. Coefficient of thermal expansion curves of Al-Si-
Cu-Mg-(Ti) alloys after aging treatment during isochronal
heating from 25°C to 500°C in the following conditions:
solution-treated, water quenched and aged for 5 h within
temperatures that varied between 180°C and 220°C: (a)
9COT, (b) 9C2T.
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Fig. 2. Coefficient of thermal expansion curves of Al-Si-
Cu-Mg~(Ti) alloys after aging treatment during isochronal
heating from 25 to 500°C in the following conditions:
solution-treated, water quenched and aged for 5 h within
temperatures that varied between 180 and 220°C: (a)
0COT, (b) OCIT.
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Fig. 3. Coefficient of thermal expansion curves of alloys
aging treatment during isochronal heating from 25 to
500°C: (a) pure Al (99.8 wt.%), (b) Al-0.4%Mg-1%Cu
alloy aged at 180°C for 5 h.
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Fig. 4. DSC curves of Al-Si-Mg-Cu-(Ti) alloys after different
aging treatment at 180 (upper curves) and 220°C (lower
curves) for 5 h, respectively. The measurement was twice
repeated: (1" run) heated at 10°C/min to 500°C, and cooled
rapidly at 30°C/min; and (2™ run) re-heated at 10°C/min to
500°C, and cooled rapidly at 30°C/min: (a) 9COT, (b) 9C2T.
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Fig. 5. Variation of the coefficient of thermal expansion
curves in the 9COT alloy after different heat treatment: (a)
as-quenched Cu-free Al-6%Si-0.4%Mg alloy (0C0T), (b)
as-quenched 9COT alloy, (c) aged 9COT alloy at 180°C, (d)
aged 9COT alloy at 220°C.
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Fig. 6. Variation in the CTE of the different aging
temperature during the first and second heating steps for
9COT. The measurement was twice repeated: (1) heated at
10°C/min to 500°C, and cooled rapidly at 30°C/min; and
(2) re-heated at 10°C/min to 500°C, and cooled rapidly at
30°C/min: (a) aged at 180°C, (b) aged at 220°C.
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Fig. 7. Coefficient of thermal expansion curves of 9COT
alloy during isochronal heating from 25°C to 500°C in the
following conditions: solution-treated for 6 h and water
quenched:. (a) CTE curves of the as-quenched condition,
(b) repeat measurement of 9COT alloy.
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Table 4. The precipitate type and temperature at which the
phase transition occurred

Precipitate type DSC Peak CTE Peak
temperature temperature
B"-Mg,Si - 255°C
B"-Mg,S + Q' - 270°C
6'-AL,Cu 275°C -
B"-Mg,Si — B-Mg,Si 307°C 300°C
Si 327°C 320°C
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