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Microstructure and mechanical properties of Al-Cu-Mg-Ag alloyed with Ce
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Abstract: The aged characteristics and microstructure of two Al-Cu-Mg-Ag alloys with and without Ce addition are investigated by
TEM and mechanical properties test. The results show that trace Ce addition inhibits precipitating process and delays peak aging time.
0.25% Ce additions decrease both tensile strength and ductility. TEM observation shows that the morphology of £ precipitate can be
modified by the small addition of Ce. The trace Ce affects the microstructure by reducing the volume fraction of 2 precipitate. It can
be concluded that the intensive interaction between Ce and Cu decreases the Cu atom concentration in alloy matrix and reduces the

precipitated kinetics for Q phase.
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1 Introduction

As we know, microalloying or trace element added
to aluminum alloys can purify the melt and inhibit the
deleterious effects of impurity. It also influences the
precipitation phenomena strongly and improves the
tensile strength[1-3]. These additions alter the

precipitation sequence and precipitates morphology[4—5].

The alloying effect depended on the microalloying
elements.

Over the past several years, there was an increasing
interest in investigating the effects of trace additions with
rare earth to aluminum alloys such as Ce , Er[6—7].

Several studies have been concerned with the
addition of Er, which forms a thermo-stable L12-type
(CuzAu) ALEr phase and demonstrates to be coherent
and/or semi-coherent with the aluminum matrix. It
improved tensile strength significantly. ZHAO et al[8]
studied the Al-Zn-Mg-Cu alloy with Er addition. They
discovered Er in the alloy mainly formed AlL;Er phase
and enhanced the mechanical properties. YANG et al[9]
and XIAO et al[10] have studied the high pure aluminum
and the Al-Mg alloy with addition of Er and found Al;Ce
phase present. Whilst, the study carried out by YANG et
al discovered the addition of Er in Al-4Cu alloy mainly
formed a AlgCuyEr phase which decreased the ultimate

tensile strength and yield strength. Obviously, the
alloying behavior was affected by the matrix element in
the alloy.

As rare earth, Ce formed AlgCeCu, intermetallic in
Al-Cu class alloy according Al-Ce-Cu ternary phase
diagram. However, the study carried out by XIAO et
al[6] showed that addition of Ce in Al-Cu-Mg-Ag alloy
increased the ultimate tensile strength and yield strength
simultaneously. The noticeable and
discussible.

In this work, we studied the effect of trace addition
of Ce on the microstructure and mechanical properties of
Al-Cu-Mg-Ag-Mn-Zr alloys, tried to discuss the alloying
behavior and the contributing mechanism of Ce in this
class alloy.

result was

2 Experimental

The experimental alloys were prepared by melting
in electric resistance furnace and iron mold casting. Their
normal composition (mass fraction, %) is provided in
Table 1. The ingots were homogenized at 510 “C for 12
h and hot-rolled into sheets of 1 mm in thickness. After
hot rolling, specimens were solution treated at 515 C
for 6 h and quenched into cold water, then immediately
aged at 165 C.

Tensile specimens were machined from sheets in
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the longitudinal directions, and from the tensile test
specimens that aged at 165 ‘C for different time. The
tensile test was carried out at room temperature and
performed on CSS 44100. Each value represented the
mean number of measurements on two specimens.
Microstructures of the alloy were observed by using
Nephoto-2 optical microscope (OM). Samples for
transmission electron microscope (TEM) observation
were prepared by mechanical grinding to around 10 pm,
3 mm in diameter disks were punched out from the sheet,
then electropolished using 33% nitric and 67% methanol
solution with liquid nitrogen cooling at around —30 C .
TEM were performed on Tecnai G*20 operated at 200
electron microscope (SEM) were
performed on Philips Sirion200 which assembled with
GENESIS 60S energy-dispersive X-ray (EDAX)
microanalysis.

kV. Scanning

Table 1 Normal composition of experiment alloys (mass
fraction, %)

No. Cu Mg Ag Mn Fe Si Ce Al

1 483 045 05 029 0.02 001 0 Bal

2 466 039 048 029 0.03 0.01 025 Bal

3 Results and discussion

3.1 Mechanical properties

Fig.1 shows mechanical properties of experimental
alloys aged at 165 °C. The tensile strength of both alloys
was coincident with the conventional age-strengthening
behavior along with aging time increasing. The aging
curves present under-aging, peak-aging and over-aging
stages. The trend of the ultimate tensile strength(UTS)
curve was similar to that of yield strength(YS). Alloy 1
without Ce addition presented higher UTS and YS than
alloy 2 with Ce addition. As Al-Cu-Ce ternary phase
diagram showed, Ce added to Al-Cu class alloys formed
AlgCeCuy intermetallic and decreased Cu concentration
in aluminum matrix.

At the period of under ageing, the strength of alloy
1 increased rapidly and the increment extent is obviously
bigger than that of alloy 2. This indicated the
precipitation kinetics of alloy 1 is higher than that of
alloy 2. The peak-aging of alloy 1 occurred at 4 h and
alloy 2 at 8 h. It could be concluded that Ce addition
retarded the precipitation of solute.

The elongation of alloy 1 decreased gradually with
the aged time increasing. Compared with alloy 2, the
elongation at peak ageing of alloy 1 is higher. This
showed Ce addition decreased the elongation of
Al-Cu-Mg-Ag alloy.
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Fig.1 Mechanical properties of alloys aged at 165 C

3.2 Fracture microstructure

After hot rolling, fragile AlgCusCe particles were
fragmentated along the grain boundary. Usually, it is
considered that the undissolved particles was the crack
source and decreased the ductility of aluminum alloy.
Fig.2 shows the fractographs of alloy 2 which
demonstrates a combined consequence of transgranular
and intergranular fracture. EDS analyses showed that
these particles in dimples are AlgCusCe. It can be
concluded that addition of Ce formed AlgCu4sCe phase
and decreased the plasticity. This was coincided with the
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lower elongation of alloy 2 than alloy 1 without addition
of Ce.

Fig.2 Fractograph for solid solution state of alloy 2

3.3 Casting structure

Fig.3 shows the morphologies of experimental
alloys in the as-cast states. The typical grain structure of
alloy 1 was shown in Fig.3(a). It consisted of large
equiaxed grains with a dendritic substructure. The grain
size of the casting was about 1mm. Coarsened dendritic
substructure dominated the casting structure.

Fig.3 Optical micrographs of alloys in as-cast states: (a) Alloy
1; (b) Alloy 2

For addition of 0.25% Ce, as shown in Fig.3(b),
there was slight change in the grain structure in the alloy
2. The grain was refined and grain size was about 250
um. Coarsened dendritic substructure disappeared partly.
Distance between branches of dendritic substructure
reduced apparently compared with the alloy 1. Obviously,
0.25%Ce additions refined grain size and grain structure.

3.4 Microstructure

Al-Cu-Mg-Ag alloy was a typical age-hardenable
alloy and believed to be promising candidates for future
use in high-speed aircraft[11]. As extensively studied
before[12—13], it was expected that the precipitates
involve massive Q phase on {111}, plane and a few 6'
phase on {001}, plane in the experimental alloy with a
high Cu-to-Mg ratio.

Fig.4 shows the bright field (BF) TEM images of
alloy 1 without Ce additions and the electron beam was
close to the <011>, zone axis of a(Al) matrix. Fig.4(a)
presents the morphology and density of precipitates in
alloy 1 aged for 2 h. It is clear that Q phase precipitated

Fig.4 Precipitates morphologies of alloy 1 aged for different
times (Electron beam is close to <011>,: (a) 2 h; (b) 4 h)
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sufficiently in alloy 1 and no &' phase was observed. Q
precipitates were fine and uniform.

After being aged for 8 h, plate-shaped Q precipitates
together with 6" dominated the microstructure of alloy 1,
as shown in Fig.4(b). The densities of the strengthening
phases, including 2 and & phases, increased with aging
time and the length of the plate-like Q phase was
approximately between 60 and 80 nm.

Fig.5 shows the bright field (BF) TEM images of
alloy 2 aged for 8 h and the electron beam was close to
the <011>, zone axis of a(Al) matrix. A few precipitates
can be observed and precipitate size was about 50 nm.
The TEM micrograph showed that the volume fraction of
Q precipitate was obviously lower than that of alloy 1.

The precipitation of £ phase also included the
nucleation and coarsening. The number of nucleation site
and coarsening force affected the distribution and the
size of Q precipitate. The metastable precipitate formed
on {111}, planes of matrix in Al-Cu-Mg-Ag alloy was
found by AULD and POLMEAR in the early
1970s[14—15] and designated £ phase subsequently. The
mechanism of nucleation and coarsening were a matter
of speculation. MURAYAMA et al[16—17] investigated
the nucleation of ©Q phase based on the 3DAP (three
dimensional atom probe) analysis and concluded that Q
phase evolved continuously from co-clusters containing
Ag and Mg aligned on {111}, planes of the matrix. In
despite of remained controversial about the precursor of
Q precipitates, it is unanimous that the formation of Ag
and Mg atoms co-clusters were a critical element of Q
nucleation[18—19].

Fig. 5 Precipitates morphology of alloy 2 aged at 165 C for 8 h

The results from TEM observation indicate that
trace addition of Ce retard the precipitation of © phase. It
was concluded that Ce restrained the formation of Ag
and Mg atoms co-clusters. As we know, the diffusion of
solute in solid solution was realized by vacancy-solute
exchanging mechanism and the diffusion rate of solute
depended on the movability of vacancy in matrix. As the

higher binding of rare earth elements with vacancy than
that of other solutes, it was difficult to form the Ag and
Mg atoms co-clusters.

As discussed above, addition of Ce in alloy
decreased the number of Ag and Mg co-clusters.
Simultaneity, AlgCuyCe phase formation consumed a part
of Cu atom in the solid solution and reduced the
solubility of Cu solute. As a result, the volume fraction
of Q precipitate in alloy 2 was lower than that in alloy 1.

4 Conclusions

1) 0.25% Ce addition in Al-Cu-Mg-Ag alloys
decreases the mechanical properties.

2) 0.25% Ce addition retards €2 phase precipitation
and delays peak-aging time.

3) AlgCuyCe phase consumes Cu solubility of
aluminum matrix and decreases precipitated kinetics.
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