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Abstract: The effects of yttrium(Y) content on precipitation hardening, elevated temperature mechanical properties and 
morphologies of 2519 aluminum alloy were investigated by means of microhardness test, tensile test, optical microscopy(OM), 
transmission electron microscopy(TEM) and scanning electron microscopy(SEM). The results show that the tensile strength 
increases from 485 MPa to 490 MPa by increasing Y content from 0 to 0.10%(mass fraction) at room temperature, and from 155 
MPa to 205 MPa by increasing Y content from 0 to 0.20% at 300 ℃. The high strength of 2519 aluminum alloy is attributed to the 
high density of fine θ′ precipitates and intermetallic compound AlCuY with high thermal stability. Addition of Y above 0.20% in 
2519 aluminum alloy may induce the decrease in the tensile strength both at room temperature (20 ℃) and 300 ℃. 
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1 Introduction 
 

Aluminum alloys have been the primary materials 
for structural components of military aircrafts, 
helicopters, amphibians, etc for several decades. This 
may attribute to the low density of aluminum in mass- 
critical application[1]. 2519 aluminum alloys that is used 
as armor plates have good weldability, acceptable 
ballistic resistance and mechanical properties as well as 
resistance to stress corrosion cracking[1−3]. 

It is well known that trace or microalloying 
additions to Al alloys can strongly influence the 
precipitation process and are of great practice importance. 
These additions can modify the dispersion and/or the 
habit plane, morphology and crystal structure of the 
resulting precipitations[4−6]. Rare earth elements in 
conventional casting aluminum alloys have shown 
beneficial effects on melting and solidification. These 
elements reduce the contents of gases and some 
impurities and spacing between secondary dendrite arms. 
The use of rare earth as micro-alloying element in Al has 
been studied for several years. It was reported that Ce 
affected the grain size of a binary Al-Li alloy and the 
mechanical properties of Al-Li-Mg casting alloys 

containing impurity Fe. The number of grains per unit 
area in the binary alloy linearly increases with raising the 
Ce content up to 1.1% (mass fraction), and the 
mechanical properties of the Al-Li-Mg casting alloys 
were improved[7]. The addition of Ce was also reported 
to affect the ductility and fracture, and the negative effect 
of impurity Fe was controlled by Ce addition. The Ce 
addition can toughen 8090 alloy sheets rich in impurities 
of Fe, Si and alkali metals[7]. The velocity of crack 
initiation of Al-4.5%Cu alloy without Ce addition is 
obviously greater than that of alloy with Ce addition[8]. 
The addition of Ce into Al-Cu-Mg-Mn-Ag alloy 
decreases the size of Ω phase, and improves the density 
and thermal stability of Ω phase between 200 ℃ and  
300 ℃[9]. A previous study indicated that rare earth 
element Y can improve the strength of Al-Zn-Mg-Cu 
alloy at elevated temperature. This is attributed to the 
fact that Y decreases the as-cast grain size, increases the 
nucleation ratio, and decreases the growth speed of the 
precipitates during artificial aging[10−12]. Trace Y has 
little effect on the casting microstructure of 2618 alloy 
and shape of Al9FeNi phase. Meanwhile, Y can decrease 
strength and plasticity of 2618 alloy at room temperature 
[13]. But there is little information available for the 
effect of rare earth Y addition on precipitation hardening 
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and strengthening in 2519 aluminum alloy. The present 
work was thus to examine such effect with a view of 
establishing the potential for enhancing the mechanical 
properties of these alloys. 
 
2 Experimental 
 

Table 1 lists the chemical compositions of the 
present alloys with Y additions of 0, 0.10%, 0.20% and 
0.30% (mass fraction). Al-Cu, Al-Mn, Al-Y, Al-Ti-B, 
Al-Zr, Al-V intermediate alloy and pure Mg, industrial 
pure Al were used to prepare the alloy in induction 
furnace under argon atmosphere, and then cast into iron 
moulds to produce billets of 100 mm×100 mm×25 mm. 
The billets were homogenized at 520℃  for 18 h 
followed by air cooling to room temperature, and then 
hot rolled to 3 mm-thick plate at 440 ℃. Subsequently, 
the plate was solution-treated for 2 h at 530 ℃ and then 
water quenched. At last, the plate was rolled by 15% 
before artificial aging at 165 ℃ for various time period 
(up to 27 h). 
 
Table 1 Chemical compositions of alloys (mass fraction, %) 
Alloy No. Cu Mg Mn Ti Zr 

1 5.8 0.22 0.28 0.05 0.20 
2 5.7 0.21 0.30 0.06 0.22 
3 5.8 0.22 0.29 0.06 0.21 
4 5.8 0.20 0.27 0.05 0.22 

Alloy No. Fe Si Y Al 
1 0.15 0.05 0 Bal. 
2 0.14 0.06 0.10 Bal. 
3 0.16 0.05 0.20 Bal. 
4 0.15 0.05 0.30 Bal. 

 
Vickers hardness measurement was carried out on 

all aged samples. The samples that show the highest 
hardness were selected for tensile testing at room 
temperature and 300 ℃. Tensile tests were performed at 
20 ℃ at the stretching speed of 2 mm/min on the 
CSS-44100 electronic stretching machine, and the test at 
300 ℃ was performed at the speed of 2 mm/min on 
Gleeble-1500 hot simulation machine. The rate of 
elevating temperature was about 10 ℃/s and the sample 
was held at 300 ℃ for about 3 min. 

OM, SEM and TEM were applied to characterize 
the microstructure of the alloys with different Ce 
additions. TEM samples were electo-polished in a 70% 
ethanol and 30% nitric acid solution at −35 ℃, using a 
twin-jet equipment operated at 30 V. 
 
3 Results 
 
3.1 Age-hardening behavior 

Fig.1 shows the Vickers hardness(Hv) curves of the 

 

 
Fig.1 Age-hardening curves of alloys at 165 ℃ 
 
four alloys. All the alloys show the same trend of 
variation with aging time. That is, the micro-hardness 
increases when the aging time increases and decreases 
after the hardness reaches the peak value. It should be 
noted that different behavior is observed as for the effect 
of Y addition on the aging response when being 
compared with alloy without Y. For the aging alloy at 
165 ℃, age hardening speed and the Vickers hardness 
are increased with 0.10% Y addition. The highest 
hardness increases from HV155 for the alloy without Y 
to HV161 for that containing 0.10%Y. However, the 
highest hardness is reduced to HV145 when the Y 
content is further increased to 0.30%. Meanwhile, the 
peak-ageing time for 0%Y, 0.20%Y, 0.30%Y alloys is 15 
h, but that for 0.10%Y contained alloy is 12 h. 
 
3.2 Tensile properties 

Tensile properties of different Y contained alloys at 
different temperatures after peak aging are listed in Table 
2. Compared with Alloy 1, the tensile strength is 
increased from 485 MPa to 490 MPa and yield strength 
is increased from 445 MPa to 455 MPa at room tempera- 
 
Table 2 Mechanical properties of alloys at different tempera- 
tures 

Alloy 
No. 

Testing 
temperature/

℃ 

Yield 
strength/ 

MPa 

Tensile 
strength/ 

MPa 

Elongation/
% 

20 445 485 9.0 
1 (0.10%Y)

300 128 155 15.0 

20 455 490 10.0 
2(0.10%Y)

300 155 190 12.2 

20 430 480 8.0 
3(0.20%Y)

300 170 205 10.7 

20 410 465 7.0 
4(0.30%Y)

300 160 195 9.4 
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ture when the Y content is increased up to 0.10%. But, it 
is decreased gradually when the Y content is increased 
from 0.10% to 0.20%. At 300 ℃, the tensile strength is 
increased from 155 MPa to 205 MPa when the Y content 
is increased up to 0.20%. However, it is decreased 
slightly when the Y content is increased from 0.20% to 
0.30%. 

With increasing Y content in the alloys, the 
elongation is changed. At room temperature, the 
elongation is increased only slightly from 9.0% to 10.0% 
when the Y content is increased up to 0.10%. It is 
decreased gradually from10.0% to 7.0% when the Y 
content is increased from 0.10% to 0.30%. At 300 ℃, 
the elongation is decreased from 15% to 9.4% when the 
Y content is increased up to 0.30%. It could be 
concluded that increasing Y content increases the 
elevated temperature strength but decreases the 
elongation of 2519 aluminum alloy. 
 
3.3 Microstructure observation 

Fig.2 shows the TEM morphologies of the four 
alloys after aging to peak-aged stage. It can be seen that 
θ′ phase is uniformly distributed in all the four alloys, 
which is the main phase in 2519 aluminum alloy. The 
density of θ′ phase in alloy 2 is higher than that in other 
alloys. However, the θ′ phase is coarsened when the 
content of Y is increased from 0.10% to 0.30%. 

Meanwhile, the density of θ′ phase is decreased. TEM 
was used to analyze the microstructure of alloy 3 after 
tensile tests at 300 ℃ and the results are shown in 
Fig.3(a). Coarsened secondary phases on grain boundary 
pin the grain boundary, and the interaction between 
precipitates and dislocations is observed. Using energy 
spectrum analysis, the coarsened secondary phases are 
identified to be the intermediate compound of Al, Cu and 
Y, as observed in Fig.3(b). This indicates that the 
intermediate compounds could hinder grain boundary 
movement at high temperature, then increasing 
heat-resistance property. 
 
4 Discussion 
 

The present study shows that the addition of Y 
affects the microstructure and property of 2519 
aluminum alloy. With the addition of Y, the size and 
density of the predominant hardening phase of θ′ phase 
are changed after peak-ageing at 165℃. For example, 
both the microhardness and tensile strength are increased 
with the addition of 0.10%Y. It is obvious that the 
density of θ′ phase in the experimental alloy increases. 
These fine phases hinder dislocation movement, then 
increasing tensile strength of the experimental alloy. 
However, excessive addition of Y could decrease 
strength because excessive Y would form intermediate  

 

 
Fig.2 TEM micrographs of alloys after peak-aging at 165 ℃: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4 
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Fig.3 Morphology of second phases at grain boundary (a) and its EDS analysis (b) of alloy 3 at 300 ℃ 
 
compound of AlCuY together with Al and Cu, decreasing 
solid solubility of Cu in Al, and then decreasing θ′ phases 
precipitation. Therefore, the tensile strength of the 
present alloy decreases when the content of Y increases. 
The effect of Y on solid solubility of Cu and Mg in Al 
has been studied[14]. The results showed that addition of 
0.20% Y caused the maximum solid solubility of Cu in 
Al at 430 ℃ to decrease from 2.2% to 0.50%. In the 
meantime, the maximum solid solubility of Mg decreases 
from 13% to 8%. There exists coarsened secondary 
phase, which forms during billet crystallizations in the 
alloy with 0.30% Y. In the casting structure of the 
experimental alloy, Y mainly distributes at the grain 
boundary but not in the grain. The diameter of Y atom is 
larger than that of Al, so when it enters the matrix, it will 
certainly cause great lattices distortion and increase 
system energy. However, the atoms on the boundary 
distribute loosely, so the distortion energy caused by rare 
earth compound aggregation on the boundary is much 
less than that caused by precipitation. In order to keep 
low free energy, Y atoms have to aggregate to the 
boundary unequally, so the intermediate compound 
AlCuY mainly precipitates along the grain boundary or 
dendritic crystal boundary. The intermediate compound 
of high melting point, which possesses high thermal 
stability, and distributes along the grain boundary in the 
shape of discontinuous net, enhances grain boundary to 
resist slipping and creeping at high temperature and 
increase the elevated temperature strength of 
experimental alloy. It is believed that trace addition of Y 
could reduce Cu atoms distribution, and then restrain 
precipitation coarsening, which is benefit for 
precipitation heat stability and heat resistance property of 
the alloy[15]. When the content of Y is above 0.30%, the 

elevated temperature strength of experimental alloy 
decreases obviously, because the intermediate compound 
containing Y aggregates and grows, and then cuts up the 
matrix, decreases mechanical properties and weakens the 
obstruction to the boundary movement. 
 
5 Conclusions 
 

1) Addition of 0.10% Y can speed up the ageing 
hardening speed of 2519 aluminum alloy. The tensile 
strength is increased by 5 MPa at peak ageing at room 
temperature. Addition of 0.20% Y makes the tensile 
strength of the alloy at 300 ℃ reach 205 MPa, which is 
30% higher than that of the alloy without Y added. 

2) Y mainly distributes in intermediate compound 
AlCuY, which effectively restrains base metal 
deformation and crystal boundary migration, and then 
obviously increases mechanical properties at high 
temperature. 
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