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Abstract: Al-Ce-based alloys, characterized by low density, excellent coarsening resistance and good castability, are
promising materials for stable service in the temperature range of 200~450 ‘C. In this study, an alloy with a nominal
composition of Al-10Ce-5Ni-4Cu  (wt.%, named ACNC) was prepared. The microstructure evolution in the as-cast sample
and during isothermal aging was systematically investigated, and its tensile properties at room and elevated temperatures
were tested, along with the underlying strengthening mechanisms. The results indicate that the ACNC alloy has a
hypoeutectic microstructure, consisting of primary o-Al dendrites, “rod-like or plum-blossom-like” Al;Ni phases,
“fishbone-like” Al;;(Ce, Cu); phases, and eutectic colonies. Within the ecutectic colonies, the Al;CeCu and ALNi phases are
entangled in a fibrous manner. After isothermal aging at 450 C for 24 h, the width of the eutectic phases increase from
(154+64) nm to (519+241) nm, and the eutectic spacing expandes from (380+155) nm to (1 029+511) nm, accompanied by
a progressive decrease in hardness. In contrast, severe overaging at 590 ‘C for 5 h leads to rapid spheroidization of the
ALNi and Al;CeCu phases, resulting in a sharp decrease in hardness. The yield strengths of the alloy at room temperature,
200, 300 and 400 C are measured as (136+7) MPa, (121+2) MPa, (86+1) MPa, and (45+2) MPa, respectively.
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Fig.1 Preparation and processing of the ACNC alloy: (a) cast iron mold; (b) cast ingot; (c) tensile specimen dimensions at room
temperature (left) and elevated temperature (right)

) ACNC
. 5 mm, 2452 N,
3 o ACNC
“ " , (200,300,
400 C) o
(CMT700,
) , 2 mm/min, 200,300
400 C ,
, 5 min 5
, 3
o lc o
2
2.1
2 ACNC XRD
a-Al \A13N1 \A13CeCu A111C63 °
ACNC 3 o
SEM ( 3a) , a-Al
3 “ ”
° , 3b
hEIM  https://www.cnki.net

4a

2 ACNC XRD
Fig.2 XRD patterns of the ACNC alloy
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Fig.3 Typical as-cast microstructure of the ACNC alloy: (a) SEM image; (b) enlarged view of the orange box in (a) and corresponding
EDS mapping results; (c) enlarged view of the orange box in (b); (d, ¢) EDS point analysis results at points 1 and 2 in (c), respectively
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Fig.4 SEM images of the eutectic colonies in the ACNC alloy: (a) SEM image; (b) high-magnification SEM image of a typical eutectic
cluster and corresponding EDS mapping results; (c) enlarged view of the red box in (b); (d, ) EDS point analysis results at points 1 and
2 in (c), respectively
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Fig.5 EBSD analysis of the as-cast ACNC alloy: (a) IPF map; (b) grain size distribution

6 ACNC 450 590 °C 24 h
Fig.6 Hardness evolution of the ACNC alloy during isothermal
aging at 450 and 590 C for 24 h
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Tab.2 Statistical results of the eutectic phases of the
ACNC alloy during isothermal aging at 450 °C

Aging time/h  Width of eutectic phase/nm

Eutectic space/nm

0 15464 380£155
5 285+125 633357
10 323157 701389
24 519241 10294511
(380+155) nm (1 029+£511) nm,
2.7 ;
Orowan , AC-
NC 450 C
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7 ACNC 450 C :(a,d)5h;(b,e) 10 h; (c, )24 h
Fig.7 Microstructure of the ACNC alloy after isothermal aging at 450 “C for different durations: (a, d) 5 h; (b, ¢) 10 h; (¢, f) 24 h

8 ACNC 590 C 5h :(a) SEM ;(b) SEM ( )
Fig.8 Microstructure of the ACNC alloy after over aging at 590 “C for 5 h: (a) low magnification SEM image; (b) high magnification
SEM image (the yellow dashed line indicates the boundary of the eutectic colonies)
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Fig.10 Low-magnification and high-magnification tensile fracture SEM images of the ACNC alloy at different temperatures:
(a, ©) 25 C; (b, £) 200 C; (c, g) 300 C; (d, h) 400 C
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