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Several rare earth elements are considered by-products to rare earth mining
efforts. By using one of these by-product elements in a high-volume applica-
tion such as aluminum casting alloys, the supply of more valuable rare earths
can be globally stabilized. Stabilizing the global rare earth market will de-
crease the long-term criticality of other rare earth elements. The low demand
for Ce, the most abundant rare earth, contributes to the instability of rare
earth extraction. In this article, we discuss a series of intermetallic-
strengthened Al alloys that exhibit the potential for new high-volume use of
Ce. The castability, structure, and mechanical properties of binary, ternary,
and quaternary Al-Ce based alloys are discussed. We have determined Al-Ce
based alloys to be highly castable across a broad range of compositions. Na-
noscale intermetallics dominate the microstructure and are the theorized
source of the high ductility. In addition, room-temperature physical properties
appear to be competitive with existing aluminum alloys with extended high-
temperature stability of the nanostructured intermetallic.

INTRODUCTION

Increasing demand for Ce will indirectly impact
rare earth (RE) based permanent magnets and
phosphors used for efficient lighting by helping to
stabilize RE production.1 The major economic con-
cern with currently available high-performance
permanent magnets is the availability and sensitiv-
ity to price fluctuations. Technologies that increase
the demand for cerium and lanthanum can make
the continued production of more high-value REs
economically viable, alleviating some of the pres-
sure associated with modern permanent magnet
manufacturing. In this contribution, we describe a
potential high-volume use for Ce in the aluminum
castings industry. The development of high-temper-
ature aluminum cerium alloys will provide a mate-
rial solution enabling the design of higher efficiency
internal combustion engines and lighter drive
trains, improving fuel economy.

The economic impact could be significant with even
partial adoption of this technology. Two million
metric tons of aluminum are consumed annually in
transportation. For every 1% of aluminum

transportation market penetration, assuming a 12
wt.% Ce alloy, 2400 t of cerium would be required,
with global production of Ce of about 24,000 t
annually. High-performance aluminum is a dynamic
market that quickly responds to technological inno-
vations. The commercialization path in part will
depend on the cost of cerium. At an alloy cost of less
than $10.00/kg, there could be significant interest
and adoption by the automotive industry. The high
strength could result in lighter weight components
and significant adoption in applications requiring
good high-temperature strength. At alloy costs in the
$10 to $20 range, commercialization activities would
concentrate on military application, where the alloy
strength could be used advantageously for lighter
weight structures. At alloy costs greater than $20/kg,
commercialization activity would concentrate on the
commercial, general aviation, and space markets
where strength and high-temperature performance
would be justified by the high penalty of weight.
Where high-temperature performance would nor-
mally be addressed by the conversion of aluminum to
titanium, much higher prices may be justified. The
evidence suggests that as much as 25% to 30% of the
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existing titanium market (4000 t annually) is driven
by temperature performance in the 150�C to 315�C
range, which is within the expected operating range
of this alloy system.2

In the early 1980s, some promising research and
development efforts focused on powder metallurgy
revealed that aluminum alloys containing 4 wt.%
cerium exhibit high-temperature mechanical prop-
erties that exceed the best commercial aluminum
casting alloys currently in production. Even though
these alloys had both high room and elevated tem-
perature strengths, work did not continue due to
cerium cost and supply challenges coupled with the
limited applicability of powder metallurgy in near net
shape forming of aluminum components. Aluminum
cerium alloy components prepared via hot pressing
and forging exhibited tensile strengths of 300 MPa at
230�C.3 This compares to typical tensile strengths of
70–180 MPa for Al-Cu and Al-Mg-Zn systems at that
temperature.4 High Ce content Al alloys have not
been developed for casting nor have the casting
characteristics been determined.

The successful development of this alloys will
have broad technological impact. The breadth of
which will include economic effects on materials for
alternative energy technologies such as Nd and Dy
and the fossil fuel dominated transportation sector.
High Ce level aluminum alloys could assist in
stabilizing the price of the heavier RE elements
that are most important to green energy. The
enhanced properties enabled by Ce additions to
aluminum are expected to be attractive in the
transportation sector. This work may lead to the
development of new high-temperature aluminum
alloys suitable for applications such as automotive
cylinder heads, turbo charger housings, and impel-
lers. Mechanical property improvements of 20% to
40% at high temperatures enhance the thermody-
namic efficiency of end products such as internal
combustion engines leading to reductions in fuel
consumption while enabling more extensive use of
castable lightweight materials. Additionally, the
enhanced high-temperature, mass-specific mechan-
ical properties can be used to manufacture lighter
drive trains and expand the use of lightweight
materials in commercial transport vehicles such as
tractor trailers.

In this article, we report results obtained during
an investigation of castability of aluminum cerium
alloys and determine compositional modifications
that may be required to ensure the compatibility of
the alloy with near net shape casting methods such
as advanced sand casting, die casting, and perma-
nent mold squeeze casting. The aluminum casting
industry is an integral part of a performance-driven
market segment that immediately responds to
improved properties by early adaptation of techno-
logical innovations. Successful alloy development
and demonstration of enhanced high-temperature
mechanical properties is expected to lead to rapid
commercialization in the high-performance

segment. Followed by wide-scale adaptation by
more cost-driven markets such as automobile man-
ufacturers; where there is a constant push for
higher efficiency. One of the most obvious ways to
improve efficiency is to reduce weight. Although
many powertrain components are already produced
by aluminum casting, increases in specific output
driven by turbocharging and new direct fuel injec-
tion concepts have led to an increase in thermal and
mechanical loads on engine components. Maximum
temperatures can locally exceed 270�C in the flame
deck for high specific output heads, diesel heads,
and heads with integrated exhaust manifolds. Con-
ventional aluminum alloys such as 356 and 319
have lower mechanical properties at elevated tem-
peratures.4,5 This efficiency tradeoff is problematic
when trying to increase the efficiency of an engine
above a threshold value. What is needed is a
lightweight aluminum alloy that maintains its
mechanical properties at high temperatures.

The heaviest components of heavy-duty diesel
engines are cast iron heads and blocks. Replacing
these with a lightweight alternative would yield
appreciable increases in efficiency resulting from
the reduced weight. Although some aluminum
alloys exist that have stable mechanical properties
at high temperatures, such as the Al-Sc system,
they remain cost prohibitive.6,7 It is then of great
interest to design an alloy for use with existing
aluminum casting practices that is both mechani-
cally stable at high temperatures and sufficiently
economical for application in modern engines. In
this article, we show that by increasing the cerium
content to 12 wt.%, it is possible to create an alloy
compatible with modern casting practices with the
potential to meet these needs.

EXPERIMENTAL PROCEDURES

Al-Ce alloys were cast in binary composition of 6–
16 wt.% Ce. Commercially pure aluminum ingots
were melted and held at approximately 785�C.
Ternary and quaternary alloys with small Si and
Mg additions were also investigated. In the case of the
binary and ternary alloy, cerium was added last and
melt was allowed to return to temperature. The
quaternary alloy was poured from the remaining heel
of the alloy below. During cerium addition, a highly
exothermic reaction was observed with the melt
temperature rising almost 25�C in 5 min. This tem-
perature increase is correlated with strong associa-
tive interactions between the Al and Ce atoms
resulting in a high enthalpy of mixing that is typically
associated with the formation of intermetallic com-
pounds during solidification.8 The total mass of each
melt was approximately 25 kg, and castings were
poured into polymer bound sand molds at 785�C.

The quaternary alloy was made from the already
formed ternary alloy. The alloy most compatible
with existing casting practices is Al-12Ce, where the
number preceding the alloying element is its
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concentration in weight percent. We will focus on
three alloys in this report: Al-12Ce, Al-12Ce-0.4Mg,
and Al-12Ce-4Si-0.4Mg. After casting, test bars
were heat-treated to determine the effectiveness of
heat-treatment on mechanical properties. A stan-
dard T6 schedule was used; test-bars were heated to
537�C and held for 8 h. After this solutionizing step,
the bars were water quenched and artificially aged
at 155�C for 3 h.

Castability

The castability of an alloy is related to melt fluidity,
solidification shrinkage, and mechanical proper-
ties—specifically, ductility along with other thermo-
dynamic parameters such liquidus and solidus
temperatures, partitioning coefficients, and reactiv-
ity with the mold.9 Hot tearing is a defect frequently
encountered in all casting alloys and is severely
detrimental to mechanical properties obtained from
the cast component. The physical properties that lead
to this behavior are complex; however, the most
clearly identifiable feature defining castability is the
propensity for hot tearing. These solidification-in-
duced defects can result in part rejection, costly
evaluation of individual components, and stringent
control of casting parameters. The terms gate,

runner, riser, and casting are typically used in the
description of castings and are defined in the ASM
Casting Handbook.9

To obtain a quantitative assessment of castability
and to perform an accurate comparison with com-
mercial casting alloys, variable cooling rate tests also
known as step molds were cast. A step mold shown in
Fig. 1a is used to produce multiple cross-section
castings that vary the mold surface to casting volume
ratio. The thin sections furthest from the riser
solidify at cooling rates exceeding 500�C/s while the
thicker sections adjacent to the rise cool at modest
rates of approximately 300�C/min. A thin section
midway between the riser and the furthest section of
the casting is used to provide restricted feeding of
liquid metal to the furthest edge of the casting. A
similarly sized thin section is attached adjacent to the
riser to assure maximum feeding of the casting
during solidification. Comparison of the oppositely
located regions provides an assessment of castability.

Alloys were also cast into 6 arm hot-tear molds
shown in Fig. 1b that were designed to vary the
length of the gating between the riser and the
casting at the end of each arm. The shortest arm
(less than 8 cm) will easily transfer heat and molten
metal from the riser to the end of the gate as
opposed to the longest arm (longer than 20 cm).

(a) (c)

(d)

(e)

(b)

Fig. 1. (a) Casting of step-plate used in castability assessment. (b) Casting of hot-tear mold used in castability assessment. (c) Low-energy x-ray
color maps of Al-12Ce hot-tear and step-plate molds with DSC curves. (d) Low-energy x-ray color maps of Al-12Ce-0.4Mg hot-tear and step-plate
molds with DSC curves. (e) Low-energy x-ray color maps of Al-12Ce-4Si-0.4Mg hot-tear and step-plate molds with DSC curves.
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Evaluation of the defect density across the various
length arms enables an assessment of castability
and a meaningful comparison of the propensity for
hot tearing between alloys cast into similar molds.
Both the step plate and hot tear castings were
examined with x-ray imaging shown in Fig. 1c–e.

Figure 1 details the results of the castability
study along with differential scanning calorimetry
(DSC) of heating and cooling through the solidus
and liquidus temperatures for the three casting
alloys included in this report. DSC measurements
were recorded using a Netzsch STA 4493F3 combi-
nation DSC and thermogravimetric analysis. Sam-
ples were started from room temperature, heated at
20�C/min to 750�C, and then cooled at the same
rate. The binary Al-12Ce exhibits exceptional casta-
bility. The hot-tear and step-plate molds fill com-
pletely with no detectable macroscopic defects
(larger than 500 lm) present in the mold. This
exceptional castability is linked to a combination of
increased melt fluidity and the near isothermal
solidification of the Al-12Ce alloy.

Melt fluidity is strongly dependent on enthalpy of
formation.10 Formation of the Al-Ce intermetallic
phases is strongly exothermic. The exothermic

reaction observed after the addition of Ce to the
melt could then be related to the increase in melt
fluidity and, thus, to high castability. We deter-
mined that the castability of the Al-12Ce base alloy
met or exceeded the castability of commercial
aluminum silicon casting alloys.11 This increase in
melt fluidity allows the alloy to successfully fill
complex molds such as the air-cooled cylinder-head
pictured in Fig. 2a, cast from Al-12Ce alloy.

Mg is commonly used as a strengthening addition
in aluminum alloys,4,11 so it was selected as a
ternary additive to the Al-Ce system. As expected,
castability was not impaired after an addition of
only 0.4 wt.% Mg. Very few voids were observed in
the x-ray images of the hot-tear and step-plate
molds. Additionally, no hot-tearing is present in the
molds. In comparison to the binary Al-12Ce alloy,
castability is improved with the end constraints and
arms of the hot-tear mold, and the edges of the step-
plate molds showing greater aluminum density.
Looking at the DSC curve for Al-12Ce-0.4Mg and
comparing it to the curve for Al-12Ce, few differ-
ences were noted. A very sharp solidification peak,
only 20�C in width, remains, and no features were
discernable after solidification. However, very close

Fig. 2. (a) Air-cooled cylinder head cast from Al-12Ce. (b) Air-cooled cylinder head cast form Al-12Ce-0.4Mg. (c) Binary phase diagram of the Al-
Ce system. (d) Binary phase diagram of the Al-Mg system.
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inspection of the region just before solidification
shows the onset of a small exothermic reaction. This
feature of the DSC curve is discussed in greater
detail in the microstructure analysis to follow. The
similarity between the two DSC curves implies that
Mg does not significantly affect the thermodynamics
or phase constitution of the Al-Ce binary system,
but instead, it strengthens the matrix phase by
forming intermetallic Al-Mg precipitates and
metastable clusters. Intermetallic precipitates are
beneficial for increasing the strength of the ductile
aluminum matrix without affecting the existing
Al11Ce3. The high castability of the Al-12Ce-0.4Mg
enables complex geometry castings similar to those
of the Al-12Ce. The smaller air-cooled cylinder head,
shown in Fig. 2b, was cast from ternary intermetal-
lic Al-12Ce-0.4Mg and will be used to assess the
applicability of Al-Ce-X alloys to engine and motor
applications in the near future.

Considering the success of ternary Mg additions,
investigation into quaternary additions of Si was
begun. Silicon has two effects when added to
conventional aluminum alloys: Silicon works to
increase alloy castability, and silicon, when com-
bined with Mg normally precipitates a Mg2Si
strengthening phase.12,13 In the casting of Al-
12Ce-4Si-0.4Mg, the melt was prepared from the
heel left after pouring the Al-12Ce-0.4Mg. Then
additional Al was added followed by Mg, Ce, and Si.
During the addition of Cerium to the molten Al-Si-
Mg mixture, an endothermic reaction occurred and
the melt temperature dropped significantly, �30�C.
The cause of the endothermic drop in temperature is
unclear. This is in contrast to the normally exother-
mic reaction of the previous two alloys upon the
addition of cerium. Once the melt was brought back
to �785�C, the molten alloy was poured as before
into a hot-tear and step-plate mold. Figure 1e shows
the results of casting trials of an Al-12Ce-4Si-0.4Mg
alloy. Silicon greatly inhibits the castability of the
Al-Ce-X system. The step-plate mold did not com-
pletely fill but instead was stopped by a solidifica-
tion front that nucleated on top of the iron chill. In
the case of the hot-tear mold, a large number of
voids is present and a hot-tear is present at the base
of the right-most arm. Observing the DSC curve for
the quaternary alloy, it is clear that the alloy does
not solidify isothermally and is not free of secondary
reactions after the initial solidus peak. However, in
the case of Al-Ce-X alloys, it would appear that high
silicon content impairs the castability in contention
with typical silicon aluminum results.

Microstructure

Figure 2c and d shows binary phase diagrams for
the Al-Ce and Al-Mg systems. These two diagrams
aided in the decisions regarding compositions and
melt temperature. After the finalized decisions on
composition were made, test bars were cast for each
alloy. Test bars are cast in a permanent steel mold.

Final bars are approximately 25 cm long and weigh
�0.25 kg. Disks 2 mm thick were cut from the neck
of test bars prepared from each alloy. Once cut, the
phase fractions of each sample were measured using
a Panalytical X’pert Pro powder diffractometer.
Rietveld refinement was used to determine phases
and phase fractions. After x-ray diffraction (XRD), a
second set of disks were polished and lightly etched
with Keller’s reagent. Polished samples were
imaged in a Hitachi S-4700 scanning electron
microscope. Figure 3 shows the images of the as-
cast samples adjacent to heat-treated samples of the
same composition along with XRD patterns for each
alloy.

In the case of the binary Al-12Ce alloy (Fig. 3a),
two phases are present: aluminum metal (gray) and
the binary intermetallic Al11Ce3 (white). The binary
intermetallic, in the as-cast state, is characterized
by a highly interconnected eutectic microstructure.
The XRD reveals Al11Ce3 is orthorhombic with
lattice parameters: a = 4.395, b = 10.09, and
c = 13.025 Å in good agreement with literature
values.14 Since 12 wt.% Ce falls above the eutectic
point, 10 wt.% Ce, and in the primary solidification
zone for the Al11Ce3 intermetallic, observation of
primary crystallization is expected. However, no
primary crystallization is observed. Al-12Ce then
undercools beyond the primary zone and solidifies in
a coupled eutectic growth resulting in no primary
growth and high phase fraction of the eutectic
intermetallic. Moving to the heat-treated binary
sample, it is clear that the morphology of the
microstructure has changed. The interconnected
lath-like structure has been replaced with a more
independent particle-like structure. Although the
structure has changed, XRD data show the phase
fractions remain unaffected, resulting from the near
zero solubility of cerium in aluminum. The stability
of the microstructure phase constitution under high
temperatures offers promise toward future high-
temperature mechanical properties.

The ternary Al-12Ce-0.4Mg alloy is shown in
Fig. 3b. In the as-cast state, there are primary
crystals of Al3Mg2 consisting of large cubic grains
and the Al11Ce3 intermetallic in both the eutectic
lath microstructure and the primary crystals. The
lattice parameter for the Al-Mg cubic phase is
a = 2.82 Å.15 These crystals are not representative
of the bulk microstructure, and image analysis
suggests they account for roughly 1% of the areal
fraction. This low fraction explains the absence of
the Al3Mg2 from the XRD phase fraction analysis.
The Al3Mg2 crystals remain after heat-treatment in
roughly the same fraction. Mg appears to suppress
the undercooling characteristics of the rapid solid-
ification and force some small amount of primary
solidification in the Al11Ce3 phase. The small
amount of primary solidification is observable in
the DSC curve just prior to the sharp onset of
eutectic solidification. The eutectic microstructure
is not affected by the new solidification
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characteristics. In the as-cast state, it remains
highly interconnected with very thin laths. After
heat-treatment, the same transition in the eutectic
structure is observed. The finer laths have sepa-
rated to form particle-like independent structures.
The intermetallic particles present after heat-treat-
ment are similarly sized to the laths present in the
as-cast microstructure, and XRD shows that no
phase transition has occurred with the as-cast and
heat-treated spectra appearing nearly identical.
The small amount of coarsening in the eutectic
microstructure contrasts the ease with which Al-Si
alloys coarsen after very little exposure to high
temperatures.16 The thermal stability of the phase
fraction and grain size are important factors in
considering whether Al-Ce-X alloys have the possi-
bility to function at higher temperatures.

The quaternary Al-12-4Si-0.4Mg alloy stands out
from the binary and ternary alloys in microstruc-
ture morphology, phase constitution, and heat-
treatment results. The Al-12Ce-4Si-0.4Mg alloy
exists in the as-cast state as three phases. The
smallest is AlSiMg accounting for less than 2 wt%.

The main two phases present are the aluminum
(FCC) phase and the intermetallic Al11Ce3, both
reflected in Fig. 3c. Al11Ce3 shows both primary and
eutectic solidification in the as-cast state. The
silicon not accounted for in AlSiMg is dissolved in
the aluminum matrix. After the T6 heat-treatment,
a new phase precipitates. The new phase is a
ternary intermetallic, AlCeSi. This phase is tetrag-
onal with lattice parameters a = 4.24, c = 14.538 Å
consistent with published values.17 During heat-
treatment, the new ternary phase consumes the
eutectic growth and transforms the present primary
crystals into AlCeSi.

Magnetism

Since cerium often contains a partially filled 4f
electron shell, it may impart a magnetic response to
its alloys and compounds. As a result, the magnetic
properties can help characterize the Al-Ce alloys
studied here. Here the magnetization of three
binary specimens (Al-xCe x = 6, 12, and 16) was
measured.

(a)

(b)

(c)

Fig. 3. (a) As-cast and heat-treated SEM images of Al-12Ce with accompanying XRD spectra and phase information. (b) As-cast and heat-
treated SEM images of Al-12Ce-0.4Mg with accompanying XRD spectra and phase information. (c) As-cast and heat-treated SEM images of Al-
12Ce-4Si-0.4Mg with accompanying XRD spectra and phase information.
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The magnetic moment per gram at 300 K for the
three alloys is shown in Fig. 4a. The data are plotted
as a function of the Al11Ce3 content determined from
the XRD refinements. The measured data closely
follow the linear trend between the end members Al
and Al11Ce3, which is consistent with a simple
mixture of the two paramagnetic phases. The red
line (color is shown online only) on Fig. 4a is a linear
fit of five data points extrapolated to the abscissa. The
magnetic susceptibility exhibits Curie behavior (M/
H � C/T, where C is the Curie constant) typical of
local magnetic moments. Below about 10 K, the
susceptibility increases sharply (Fig. 4b). Measure-
ments at lower temperatures reveal ferromagnetic
ordering with a Curie temperature near 7 K in Al-
16Ce. A downturn below about 3.5 K suggests a
transition away from a simple ferromagnetic state at

lower temperatures. The observed temperature
dependence is consistent with literature reports for
Al11Ce3, which is known to have a ferromagnetic
transition at 6.3 K and a ferromagnetic to antiferro-
magnetic transition at 3.2 K.18 The magnetic
moment per gram measured at 2 K in an applied
field of 5 T is 0.0030 Am2/g (3.0 emu/g). The reported
average moment for Al11Ce3 at this temperature and
field is 0.0108 Am2/g (10.8 emu/g). This indicates a
concentration of 28 wt.% Al11Ce3 in the Al-16Ce alloy,
similar to the XRD result (24 wt.%).

The measured values of the moment at 2 K and
the susceptibility at 300 K support the presence of
Al11Ce3 as the primary Ce containing phase in the
tested Al-Ce alloys, and the temperature depen-
dence and transition temperatures indicates this
phase is present in well-ordered grains that behave
similarly to bulk single-crystal Al11Ce3.

MECHANICAL PROPERTIES

Results of room-temperature mechanical property
measurements are shown in Table I, Commercially
pure aluminum is included from Ref. 9.

In the binary Al-12Ce sample, ductility remains
high despite the large intermetallic phase fraction
present in the alloy. It is not certain what mecha-
nism enables the ductility to remain high, but this
phenomenon could prove useful in applications
requiring alloys to be optimized for resistance to
creep failure.19 Tensile and yield strengths are
improved over commercially pure aluminum
(CPA). Cerium does not appear to provide disper-
sion strengthening in the as-cast state once heat-
treated though the breakdown of the intermetallic
into more particle-like structures that are on the
micrometer scale into less coherent particles nega-
tively effects the maximum tensile and yield
strengths. The lower tensile and yield strengths
are accompanied by a �100% increase in ductility.
This is due to a small amount of coarsening
observed in the microstructure during heat-treat-
ment. Although the coarsening is minimal because
there is no diffusion into the aluminum, the bulk
mechanical properties of the alloy become more
similar to those of pure aluminum, with lower
tensile strength and high ductility. Optimization of
heat-treatment is required for the binary alloy
system to limit microstructural coarsening and
increase mechanical properties. The ternary Al-
12Ce-0.4Mg system shows a marked increase in
tensile strength over the binary alloy, which is
likely due to AlMg particles dispersed throughout
the aluminum matrix causing localized dislocations.
However, yield strength remains relatively low.
Heat-treatment again causes a decrease in yield
strength and an increase in ductility. This is
expected considering the similar microstructural
transitions occurring in the alloys. The lower duc-
tility results from the presence of large primary
crystals, which act as nucleation sites for brittle

(a)

(b)

Fig. 4. (a) Magnetic moment per gram of Al, Al11Ce3, and three al-
loys at 300 K in an applied field of 2 T, with a linear fit. (b) Low-
temperature magnetization of Al-16Ce showing the onset of ferro-
magnetism in the Al11Ce3 component near 7 K as estimated by the
red line, and a second magnetic transition at lower temperatures.
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fracture, and thereby decrease the overall ductility
of the alloy. In contrast to the binary sample, the
tensile strength is largely unaffected by heat-treat-
ment. Although there is some difference between
the heat-treated and the as-cast values, small
variations between test bars could account for this
change. It is then possible that the UTS is unaf-
fected by heat-treatment.

Quaternary Al-12Ce-4Si-0.4Mg has a much more
traditional response to a T6 heat-treatment than did
the binary or ternary alloy. Tensile and yield
strengths increased while ductility decreased. The
phase transition that occurs during heat-treatment
appears to be the carrier for the mechanical prop-
erty increase.

CONCLUSION

Al-Ce alloys have the possibility of replacing
heavier steel and cast-irons for use in high-temper-
ature applications. Al-Ce alloys castable along a
broad range of cerium content, which are compat-
ible with modern casting practices, require no
changes to the present foundry infrastructure.
Mechanical properties are as high as 252 MPa for
tensile and 128 MPa for yield strength. Although
high-temperature mechanical properties are not
represented here, the combination of thermody-
namic properties and stability after heat-treatment
suggest that Al-Ce-X alloys hold great promise for
high-temperature mechanical properties.

Compositional variation is possible with the Al-
Ce-X alloy family; Mg and Si both have the possi-
bility to be alloyed with Al-Ce to create a highly
tailorable microstructure and mechanical proper-
ties. The impediment of silicon on castability is a
negative, but it is theorized that by decreasing the
silicon content, good castability can be returned
while maintaining the room-temperature strength
of the Al-Ce-Si-Mg alloy.
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Table I. Room temperature mechanical properties for Al-Ce alloys

Alloy

As-cast T6 heat-treated

UTS
(MPa)

Yield
(MPa)

Yield
(4 point

flexural testing)
Elongation

(%)
UTS
(MPa)

Yield
(MPa)

Elongation
(%)

CPA 90 34 – 45 – – –
Al-12Ce 161.3 57.2 82.0 13.5 131.7 47.6 26.5
Al-12Ce-0.4Mg 200.6 78.6 106.2 6.0 224.1 62.1 8.5
Al-12Ce-4Si-0.4Mg 141.3 75.2 155.1 2.0 252.3 128.2 8.5
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