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Study of the Microstructure and Room- and High—Temperature
Properties of an Al-Cu-Mn-Fe-Ag-Zr Alloy
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Abstract: Al-Cu alloys are widely used in automotive and aerospace applications due to their low density, good heat
resistance and potential high-temperature stability. To improve the heat resistance of Al-Cu casting alloys, an alloy
with a mass fraction of Al-4%Cu-0.5%Mn-0.1%Fe-0.4%Ag-0.3%Zr (AC) was prepared. The microscopic morphology and
chemical composition of the alloy were analysed by OM and SEM, the phase structure was analysed by XRD, the grain
morphology and size distribution were investigated by EBSD, the microstructural details and precipitated phases after aging
treatment were analysed by TEM, and the mechanical properties at room temperature and high temperature were tested by a
tensile testing machine. The results show that the intermetallic compounds that formed during the casting process of the AC
alloy include AlLCu and Al,CuFe. The AlLCu phase dissolves into the matrix after solid solution treatment and
reprecipitates as the 6’ phase after aging treatment, acting as the main strengthening phase. After T6 heat treatment,
the alloy also contains the Ty, (AlxCu,Mn;) phase. Moreover, Ag dissolves in the Al matrix, and the addition of Zr leads
to the precipitation of the L1,-Al;Zr nanophase, which coincides with the location of the 8’ precipitated phase. The tensile
properties of the alloys were tested at room and high temperatures (200, 300 and 400 C), and the yield strengths are 236,
155, 129 and 61 MPa, respectively.
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Tab.1 Nominal chemical composition of AC alloy
(mass fraction/%)

Element Cu Mn Ag Zr Fe Al
Content 4 0.5 0.4 0.3 0.1 Bal.

Pl R R
Fig.1 Cast iron mold
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Fig.2 The tensile specimen sizes of the AC alloy: (a) RT tensile specimen; (b) HT tensile specimen

K3 AC & & AR (a) 7575 5(b) T6 PAL I
Fig.3 Metallographic structure of the AC alloy: (a) as-cast state; (b) T6 heat-treated state
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4 AC &4 SEM 14 & EDS 4 #r : (a) #5755 (b) BE 4 ;(c) A #5 EDS 4347 ;(d) B s EDS 43#7 ;(e) C #i. EDS 4341
Fig.4 SEM images and EDS analysis of the AC alloy: (a) as-cast state; (b) solid-solution state; (c) EDS analysis of point A; (d) EDS
analysis of point B; (d) EDS analysis of point C

K5 AC 4 XRD i[5l
Fig.5 XRD patterns of the AC alloy
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Fig.6 EBSD of the AC alloy after T6 heat treatment: (a) IPF image; (b) grain size distribution
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K 7 AC &4 7E T6 #Ab 5 1Y) TEM [ K 0/#71 H AH R SF 4346 G211 & < (a) HAADF &l 5(b) SAED K5 (¢) 0'Hr B EH AR5t
(d) 0" #r AL Se it
Fig.7 TEM images and distribution of the 6" precipitated phase size for the AC alloy after T6 heat treatment: (a) HAADF image;
(b) SAED pattern; (c) statistics of the 6" precipitated phase diameter; (d) statistics of the 6’ precipitated phase thickness

Kl 8 AC & 4:1E T6 #4b#15 ( TEM &l : (a) HAADF [l % TEM-EDS i34 53 #7445 2 5 (b) A £ EDS 43 #7
Fig.8 TEM images of the AC alloy after T6 heat treatment: (a) HAADF image and TEM-EDS mapping results; (b) EDS analysis at
point A
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E 9 AC A4 1 T6 #UL L5 TEM € . (a) HAADF & K. TEM-EDS T 4148 73 7 45 5 5 (b) 7 20 % 5 (o) 21 (O AE X I8 i FFT &
Fig.9 TEM images of the AC alloy after T6 heat treatment: (a) HAADF image and TEM-EDS mapping results; (b) HRTEM image;
(c) FFT image of the red selected area

K 10 AC & 418 To FAKL IS i1 J7 2 PERE I 2k« (a) AN [RVIRLRE R 9 TR o7 — 107 A2 il 28 5 (b) AN [R)IRLBE T T 58 1 vy 2 Al th 28
Fig.10 Mechanical property curves of AC alloys after T6 heat treatment: (a) engineering stress-strain curves at different temperatures;
(b) variation in yield strength at different temperatures

R2 AEIRE TACE &1 ik $147
Tab.2 Results of tensile tests for AC alloy at different

temperatures
Tensile test temperatures/‘C UTS/MPa  YS/MPa EL/%
RT 328 236 3.9
200 226 155 4.0
300 130 129 3.8
400 64 61 8.2
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B 11 RFEERIE T AC & 4 1 B 5 (a) RT;(b) 200 °C ;(c) 300 C 5(d) 400 C
Fig.11 Fracture morphology of AC alloy at different temperatures: (a) RT; (b) 200 C; (¢) 300 C; (d) 400 ‘C
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