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Abstract: The microstructures and mechanical properties of Al−3.35Cu−1.2Li−0.4Mg−0.4Zn−0.3Mn−0.1Zr (mass fraction, %) alloy 
with Sc addition or free Sc were investigated through tensile test, SEM, EPMA and TEM. The addition of 0.082% (mass fraction) Sc 
element leads to the formation of Cu-rich and Sc-contained nano-sized Al3(ScZr) particles and W phase particles. The Al3(ScZr) 
particles can inhibit recrystallization to a certain extent and impede recrystallized grain growth during solution treatment. It is found 
that W phase cannot dissolve in supersaturated solid solution during the solution heat treatment, and the Cu content in the 
solutionized matrix is decreased, which causes a decrease in the fraction of Cu-contained strengthening precipitates with T1 (Al2CuLi) 
and θ' (Al2Cu) under T8 aging condition. Due to the formation of the W phases, the small Sc addition causes a little reduction in the 
strength. 
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1 Introduction 
 

The studies on the effect of introducing Sc into Al 
alloys began in the Soviet Union in 1960s [1]. In order to 
meet the needs of aerospace industry, a series of 
Sc-contained Al alloys including Al−Mg alloys and 
Al−Zn−Mg alloys were developed and investigated. 
Generally, it is concluded that due to Sc addition, 
nano-sized coherent Al3Sc particles precipitate from 
supersaturated α(Al) matrix during aging treatment or 
thermo-mechanical processing [2,3], which can 
strengthen the corresponding Al alloys. Compared to 
single addition of Sc or Zr, combined addition of Sc and 
Zr provides better strengthening effect, due to the 
formation of coherent Al3(ScZr) dispersoids with L12 

structure [4]. Al3(ScZr) particles have excellent grain 
refining effect, which act as heterogeneous nucleation 
sites during solidification and inhibit re-crystallization 
effectively [5−9]. They are formed in the Al alloys 
through the following three approaches: (1) Primary 
Al3(ScZr) particles form during solidification [10].    
(2) Al3(ScZr) dispersoids form during homogenization 
and thermo-mechanical process [11]. (3) Coherent 

Al3(ScZr) particles precipitate during aging in the 
temperature ranging from 250 to 350 °C [12]. 

For Al−Cu alloys, it was reported that small Sc 
addition had some negative effects. LEE et al [13] 
indicated that although minor Sc addition refined the 
grains, it lowered the tensile strength and hardness of 
aged Al−4.6Cu−0.3Mg−0.6Ag alloy due to the following 
two factors. First, the coherent Al3Sc particles would not 
precipitate at low aging temperature (below 200 °C in 
general) applied to the alloy [12]. Second, coarse and 
indissolvable Al−Cu−Sc ternary phases (W phase) with 
tetragonal crystal structure (a=0.855 nm and c=0.505 nm) 
formed [4,14,15]. According to the isothermal section of 
Al-rich corner of the Al−Cu−Sc phase diagram at  
500 °C [16,17], the ternary W phase forms in the 
Al−Cu−Sc alloy with Cu content higher than 0.5% (mass 
fraction), while the amount of Al3Sc phase is decreased. 
As the Cu content is increased, Al3Sc phase will 
disappear. Although different compositions of the W 
phase, including Al5−8Cu7−4Sc, Al5.4−8Cu6.6−4Sc and 
Al8−xCu4+xSc, were reported and exhibited distinct 
properties, it is believed that the effect of W phase in 
Al−Cu alloys was negative [18]. 

The effects of Sc addition on the mechanical 
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properties of Al−Cu−Li alloys with different Cu and Li 
contents were two-edged. In some Al−Cu−Li alloys with 
Cu content lower than 2% (mass fraction), such as 8090 
and Al−4.0Mg−1.5Cu−1.0Li−0.12Zr alloys, small Sc 
addition enhanced the strength [19,20]. In some 
Al−Cu−Li alloys such as 2099 and 1460 alloys with 
medium Cu content (2.5%−3.5%, mass fraction) and Li 
content higher than 1.5% (mass fraction), 0.1% Sc (mass 
fraction) addition also enhanced the strength [21,22]. 
However, MA et al [22] found that 0.22% (mass fraction) 
Sc addition led to a slight decrease in the strength of 
1460 alloy. In addition, DUTKIEWICZ et al [23] pointed 
out that 0.2% (mass fraction) Sc addition did not cause 
strength improving of Al−2.5Li−2.0Cu alloys after 
ageing at 200 °C. In Al−Cu−Li alloys with high Cu 
content and low Li content such as 1469 alloy 
(Al−4.3Cu−1.0Li−0.3Mg−0.4Ag−0.1Zr), only 0.063% 
(mass fraction) Sc addition caused an obvious decrease 
in the strength [24]. 

2050 alloy, a third generation Al−Li alloy, has 
potential application prospects in aerospace [25−28]. As 
an alternative to 2050 alloy, 2070 alloy was developed 
and registered in 2013, which was developed by 
replacing Ag element in 2050 alloy with Zn element, 
slightly lowering Cu content and increasing Li content. 
According to the above literature analysis, small Sc 
addition provides positive effect on the strength of the 
alloy with lower Cu content and higher Li content. In 
addition, compared to 2050 alloy, 2070 alloy possesses 
this composition feature. Therefore, in this work, minor 
Sc was added to 2070 alloy and corresponding structures 
and strength were investigated, to clarify the 
micro-alloying effect of Sc in this kind of Al−Li alloy. 
 
2 Experimental 
 
2.1 Materials and procedures 

The experimental Sc-contained alloy (A) and 
Sc-free 2070 alloy (B) were designed and prepared. 
Their chemical compositions are given in Table 1. It 
should be emphasized that the contents of Cu, Li and Sc 
were analyzed by inductively coupled plasma optical 
emission spectrometer (ICP-OES). As for Mg, Zn, Mn 
and Zr elements, there is minor variation between the 
designed content and their analyzed content based on our 
melting and casting practice. Their contents were 
therefore not analyzed and Table 1 shows their designed 
contents. The alloy ingots were homogenized at 470 °C 
for 8 h followed by heating at 520 °C for 24 h. After 
homogenization, the ingots were rolled into sheets with  
2 mm in thickness through hot rolling and cold rolling. 
After being solution-treated at 525 °C for 1 h followed 
by quenching in water, the samples were subjected to a 

T8 temper (aging for different time at 155 °C after 6% 
pre-deformation through cold rolling). 
 

Table 1 Chemical compositions of studied alloys (mass 

fraction, %) 

Alloy Cu Li Mg Zn Mn Sc Zr Al

A 3.36 1.19 0.4 0.4 0.3 0.082 0.1 Bal.

B 3.34 1.16 0.4 0.4 0.3 − 0.1 Bal.

 
2.2 Tensile tests 

Test samples with a parallel section gauged 30 mm 
in length and 8 mm in width were cut from the sheets. 
Yield strength (YS), ultimate tensile strength (UTS) and 
elongation of the samples were measured using the MTS 
858 universal testing machine with a strain rate of 
1.0×10−3 mm/s at ambient temperature. Three tensile 
tests were carried out for each condition, and the average 
strength and elongation were then calculated. 
 
2.3 Structure observation 

Secondary phases in the as-cast, homogenized and 
aged samples were observed through an FEI Quanta 650 
FEG scanning electron microscope (SEM) in the 
backscattered electron (BSE) mode, and their constituent 
elements were analyzed through energy dispersive X-ray 
spectroscopy (EDS) equipped with SEM. Particle 
composition was mainly determined through electron 
probe microanalysis (EPMA) (JXA−8800R, JEOL, 
Japan) equipped with an OXFORD INCA 500 wave 
dispersive X-ray spectrometer (WDS). 

The samples for metallographical observations were 
mechanically ground and polished, washed ultrasonically 
with ethanol, and then anodically treated at 24 V in a 
solution containing 1.1 g H3BO3, 95 mL H2O and 3 mL 
HF. The metallographical observations were performed 
with an optical microscopy (OM, Leica DMI300 M). 

Precipitates were observed through transmission 
electron microscopy (TEM). The TEM samples were 
prepared by mechanical grinding and twin-jet 
electropolishing in a solution containing 30% nitric acid 
and 70% methanol (volume fraction) at −25 °C with a 
voltage of 15−20 V. TEM observation was performed 
with a Tecnai G220 microscope operating at 200 kV 
through conventional bright-field (BF), dark-field (DF) 
imaging, and selected area electron diffraction (SAED). 
 
3 Results 
 
3.1 As-cast and homogenized structures 

Figure 1 shows the OM and BSE images of the 
as-cast Sc-contained alloy A and Sc-free alloy B. Both 
alloys consist of typical large and dendritic grains. The 
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average grain size is 350−450 μm for Sc-contained alloy 
A (Fig. 1(a)) and about 400−500 μm for Sc-free alloy B 
(Fig. 1(b)). There is insignificant decrease in the grain 
size caused by 0.082% Sc addition. In the BSE images, a 
large number of white net-like non-equilibrium phases 
are observed along dendrite (Figs. 1(c, d)). In addition, in 
the Sc-contained as-cast alloy A, it seems that more 
significant micro-segregation is observed within the 
grains, which may act as the heterogeneous nucleus to 
the W phase or primary Al3(ScZr) particles. 

The OM images and BSE images of homogenized 
Sc-contained alloy A and Sc-free alloy B are shown in 
Fig. 2. After homogenization, the dendritic grain 
structures almost disappear (Fig. 2(b)). The grain of the 
Sc-contained alloy A is a little smaller than that of 
Sc-free alloy B. Meanwhile, there only exist some 
discontinuous small particles (Figs. 2(c, d)), indicating 
that most continuous no-equilibrium phases are  
dissolved. In addition, it is more important that the 
amount of residual particles in the Sc-contained alloy A 
(Fig. 2(c)) is much more than that in the Sc-free alloy B 
(Fig. 2(d)). 

Figure 3 shows the EDS analysis of the particles in 
the as-cast Sc-contained alloy A. In addition to the 
non-equilibrium phases of θ' (Al2Cu) and S′ (Al2CuMg) 
(figure omitted), there also exist some secondary phases 
consisting of Al, Cu and Sc elements (Figs. 3(a, b)). 

Figure 4 shows the elemental mappings of Cu, Mg, 
Mn, Zr and Sc in a certain area of Sc-contained alloy A 
and Sc-free alloy B characterized by EPMA. Li element 
is hard to be detected. After homogenization, in the 
Sc-free alloy B, there exist a few residual particles 
segregated by Cu and Mn atoms. Mg almost dissolves 
into the Al matrix, indicating that homogenization 
treatment successfully avoids the micro-segregation of 
Mg atoms. It is reasonable to believe that the residual 
particles mainly are refractory Al(CuMn) phases, which 
have high melting point. 

There are more residual particles in the 
Sc-contained alloy A. In addition to Al(CuMn) particles, 
there exist some other particles. It is found that Cu, Sc 
and Zr elements tend to concentrate together in some 
particles. Note that the color of Zr in the element 
mapping is slight, and that of Cu and Sc is bright. It is 
obvious that these residual particles mainly contain Al, 
Cu and Sc elements and a small percentage of Zr. In 
addition, the area containing Cu and Sc atoms is larger 
than that containing Cu and Mn atoms. 

In both homogenized alloys, Mg atoms are evenly 
distributed (Fig. 4(e)), which indicates that the 
homogenization treatment has successfully eliminated 
the micro-segregation of Mg. In contrast, in the 
Sc-contained alloy A, the element mapping of Sc shown 
in Fig. 4(f1) illustrates that Sc segregation in the array of  

 

 

Fig. 1 OM images (a, b) and BSE images (c, d) of as-cast alloys: (a, c) Sc-contained alloy A; (b, d) Sc-free alloy B 



Dan-yang LIU, et al/Trans. Nonferrous Met. Soc. China 28(2018) 2151−2161 

 

2154

 

 

Fig. 2 OM images (a, b) and BSE images (c, d) of homogenized alloys: (a, c) Sc-contained alloy A; (b, d) Sc-free alloy B 

 

 
Fig. 3 BSE image (a) and EDS analysis result of particle (b) in as-cast Sc-contained alloy A 

 

the round particles forms after homogenization. Zr 
element mapping displays the same segregation feature 
(Fig. 4(c)). It is worth mentioning that the Zr atoms 
gather together in the white round particles intensively 
after the addition of Sc. This indicates that Sc 
segregation tends to attract Zr atoms. 

Note that the color scale ranges of the two pictures 
in Fig. 4(b) are slightly different. The color of Cu atoms 
in the element mapping is light blue in the Sc-free alloy 
B (Fig. 4(b2)). However, Cu atoms exhibit two colors in 
the element mapping of the Sc-contained alloy A    
(Fig. 4(b1)). One is bright in the particles, and the other is 
deep blue in the Al matrix. Meanwhile, it is observed that 
the color scale range showing Sc distribution (Fig. 4(f1)) 

is much similar to that showing Cu distribution. This Cu 
mapping demonstrates that Cu atoms are dissolved more 
completely and distributed evenly in the Sc-free alloy B. 
On the contrary, the Cu atoms in the Al matrix of the 
Sc-contained alloy A may be insufficient during the 
subsequent aging process. 

EPMA was used to verify the compositions of 
various residual particles in the homogenized 
Sc-contained alloy A. Along the line across the coarse 
particles in Fig. 4(a1), the composition profiles detected 
by EPMA are illustrated in Fig. 5. In addition to Al, 
small Sc content and high Cu content are detected in the 
coarse particles. This indicates that the coarse particles 
are Cu-enriched and Sc-contained ones. 
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Fig. 4 BSE images (a) and Cu (b), Zr (c), Mn (d), Mg (e) and Sc (f) element mappings of selected area in homogenized alloys:  

(a1−f1) Sc-contained alloy A; (a2−e2) Sc-free alloy B 

 

 

Fig. 5 Content profile detected by EPMA along line across 

coarse particles in Sc-contained alloy A shown in Fig. 4(a1) 

 
The WDS was used to analyze compositions of the 

round residual particle marked with an arrow in Fig. 6. 
The detected composition is listed in Table 2, which is in 
accordance with the result of line scanning in Fig. 5. The 

 

 
Fig. 6 BSE image of homogenized Sc-contained alloy A 

 

contents of Cu and Sc in the particle are 34.6% and 2.0% 
(mass fraction), respectively, which are much higher than 
the average contents of Cu and Sc in the Sc-contained 
alloy A. The above analyses indicate that as 0.082% Sc is 
added to 2070 alloy, Cu-enriched and Sc-contained 
particles are formed during the solidification process and 
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unable to dissolve into the matrix during the 
homogenization process. 
 
Table 2 WDS analysis results of particle under EPMA 

condition in Fig. 6 (mass fraction, %) 

Al Cu Mg Zn Mn Zr Sc Fe 

61.8 34.6 0.36 0.34 0.46 0.41 2.00 0.06

 

It is noteworthy that the nano-sized Al3(ScZr) 
particles are formed in the Sc-contained alloy A after 
homogenization. Figure 7 shows the [100]Al SAED 
pattern and TEM BF image of the Sc-contained alloy A 
after homogenization followed by air cooling. Weak 
spots appear at {110}Al and {100}Al in the SAED pattern 
(Fig. 7(a)), indicating that Al3(ScZr) particles are 
possibly formed. BF image viewed along 100Al 
direction confirms their formation (Fig. 7(b)). 
 

 

Fig. 7 [100]Al SAED pattern (a) and TEM BF image (b) of 

Sc-contained alloy A viewed along 100Al direction after 

homogenization followed by air cooling 

 
3.2 Structures after solution and aging treatment 

Figure 8 shows the OM images of 0.082% 
Sc-contained and Sc-free alloys after solution treatment. 
In 0.082% Sc-contained alloy A, some grains show 

un-recrystallized feature with fiber-like grain structures 
(Fig. 8(a)). Complete re-crystallization occurs in the 
Sc-free alloy B, which is characterized by equiaxed 
grains (Fig. 8(b)). In addition, the recrystallized grain 
size of the Sc-contained alloy A is a little smaller than 
that of the Sc-free alloy B. 
 

 
Fig. 8 OM images of 0.082% Sc-contained alloy A (a) and 

Sc-free alloy B (b) after solution treatment 

 
After T8 peak-aging following solution treatment, 

the SAED patterns taken from [112]Al and [100]Al zone 
axes and DF images viewed along 112Al and 100Al 
directions are shown in Fig. 9. For the Sc-contained alloy 
A, the spots of T1 and S' (Al2CuMg) precipitates appear 
in the [112]Al SAED pattern, and a number of T1 and 
some S' precipitates can be observed in the DF image 
(Fig. 9(a)). In the [100]Al SAED pattern, the spots of θ' 
are observed, and many θ' phases are detected in the DF 
image viewed along the 100Al direction, as shown in 
Fig. 9(b). Meanwhile, some Al3(ScZr) particles are 
observed (Fig. 9(b)), which already exist in the 
homogenized condition (Fig. 7(b)). Figure 9(c) shows the 
[112]Al SAED pattern and DF image of the Sc-free alloy 
B viewed along 112Al direction. It is indicated that 
there are more plate-shaped T1 precipitates but less S' 
precipitates in the Sc-free alloy B than in the 
Sc-contained alloy A. The DF image viewed along the 
100Al direction suggests that there are more θ' 
precipitates in the Sc-free alloy B (Fig. 9(d)). In general, 
it seems that the number and diameter of T1 and θ' in the 
Sc-contained alloy A are smaller than those in the Sc-free 
alloy B. 
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Fig. 9 SAED patterns and TEM images of T8 peak-aged Sc-contained alloy A (a, b) and Sc-free alloy B (c, d): (a, c) DF images 

viewed along 112Al direction; (b, d) DF images viewed along 100Al direction (Inserts in Fig. 9(a, c) show [100]Al SAED patterns 

and those in Fig. 9(b, d) show [112]Al SAED patterns) 

 
3.3 Tensile properties 

Figure 10 demonstrates the tensile property 
evolution of the studied alloys as a function of T8 aging 
time. The strength of both the Sc-contained alloy A and 
the Sc-free alloy B firstly increases to a peak value with 
the extension of aging time, and then it remains 
relatively stable during the following 120 h of aging  
time. The elongation of both alloys decreases quickly 
with aging time extension. After peak-aging, there is 
only a very small decrease in the elongation. 

It is of interest that the strength of the Sc-contained 
alloy A is slightly lower than that of the Sc-free alloy B. 
In Al−Cu−Li alloys, the strength is dependent on the 
total mole fraction of Cu and Li and their mole ratio. 
According to our previous investigations [29,30], if no 
Sc is added, the Cu and Li content characteristics 
determine that the strength of the alloy A should be a 
little higher than that of the alloy B. The decrease in the 
strength of the Sc-contained alloy A in this case is 
therefore caused by the addition of 0.082% Sc. 

4 Discussion 
 

Sc elements added to Al alloys may exist in three 
forms after the non-equilibrium freezing process. First, 
some Sc atoms dissolve into α(Al) matrix; Second, a part 
of Sc atoms exist as primary Al3Sc particles; Third, some 
other Sc atoms form Cu-rich and Sc-contained particles. 
Significant grain refining effect of Sc addition in Al 
alloys has been reported in many studies [31]. The 
crystal lattice of Al3Sc (a=0.4103 nm) [32] is similar to 
that of the α(Al) matrix (a=0.4049 nm). Therefore, the 
primary Al3Sc particles can act as nuclei for Al 
solidification [33]. However, it is known that the solid 
solubility of Sc in pure Al at 640 °C is about 0.31% 
(0.186% in mole fraction), which is much higher than 
0.082% of the added Sc in the alloy A. This indicates that 
primary Al3Sc particles barely form in the 0.082% 
Sc-contained alloy A during solidification. The as-cast 
structure is therefore not obviously refined, which still 
appears as large dendritic grain structure (Fig. 1). 
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Fig. 10 Tensile properties of Sc-contained alloy A and Sc-free 

alloy B as function of T8 aging time at 155 °C: (a) Ultimate 

tensile strength; (b) Yield strength; (c) Elongation 
 

The solid solubility of Sc in pure Al will be 
decreased as temperature is lowered. It was reported that 
it was decreased from 0.31% (0.186% in mole fraction) 
at 640 °C to 0.055% (0.033% in mole fraction) at  
470 °C, and it was further decreased in Al−Cu−Sc alloy. 
During the homogenization process at 470−520 °C and 
hot rolling process, the Sc atoms combine with Zr atoms 
to form nano-sized Al3(ScZr) particles (Fig. 7). The 
Al3(ScZr) particles are coherent with the matrix and 
dispersedly distributed. In addition, they can retard the 

migration of grain boundaries. The existence of some 
un-recrystalized grains and smaller recrystallized grain 
size (Fig. 8) in the solutionized 0.082% Sc-contained 
alloy A should be associated with the formation of these 
Al3(ScZr) particles. Furthermore, these particles can also 
pin the dislocation to reinforce the alloy. 

Cu-rich and Sc-contained particles are observed in 
the homogenized alloy A (Figs. 4, 5 and 6), which are 
defined as the W phases. Some of them are formed 
during the solidification process (Figs. 3(a, b)), and the 
others should be formed during the homogenization 
process. According to the Al−Cu−Sc ternary phase 
diagram under the equilibrium state [34], the W phases 
can be formed in this 0.082% Sc-contained alloy A with 
3.36% Cu. JIA et al [10] and GAZIZOV et al [17] also 
claimed that AlCu phases that formed during 
solidification acted as the precursors and transformed in 
to the W phases during the homogenization process by 
consuming the Sc atoms in the supersaturated solid 
solution. In addition, BO et al [35] assessed the Al-rich 
corner in Al−Cu−Sc system thermodynamically, 
calculating that the reaction (Liquid + Al3Sc  
W(AlCuSc) + α(Al)) occur under equilibrium state. This 
reaction indicates that the W phase has a lower Gibbs 
energy than Al3Sc, and shows a high level of 
thermodynamic stability during heat treatment. The 
above observations and literature analysis indicate that 
the W phases in the Sc-contained alloy A can be formed 
during both the solidification process and 
homogenization process. Once they are formed, the W 
phases are difficult to dissolve into the matrix and can 
exist throughout thermo-mechanical treatments. In this 
0.082% Sc-contained alloy A, the formed W phases still 
exist as residual particles after solution treatment at 
525 °C and aging, as shown in Fig. 11. After T8 aging 
following deformation process and solution treatment, 
considerable residual particles are found (Fig. 11(a)). 
EDS analysis shows that they are Cu-enriched and 
Sc-contained particles (Fig. 11(b)), similar to the 
composition of the particles in the homogenized  
structure [36,37]. 

The formation of the W phases can cause a decrease 
of Cu content in the solutionized matrix. The 
Cu-contained precipitates of T1 and θ' are originated 
from the solutionized matrix, so 0.082% Sc addition 
affects their fraction. Table 3 summarizes the average 
population densities and diameters of the major 
precipitates (Fig. 9) in these two alloys with T8 
peak-aging. For an accurate detection, at least three DF 
images are used. The number densities of T1 and θ' 
precipitates in the Sc-contained alloy A are 140 and   
53 μm−2, respectively. However, in the Sc-free alloy    
B,  the  number  densities  of  both  T1  (179  μm−2)  and 
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Fig. 11 BSE image (a) and EDS analysis result of residual 

particle (b) of aged 0.082% Sc-contained alloy A 

 
Table 3 Number density and size of major precipitates in T8 

peak-aged alloys 

Precipitate 

type 

Statistical 

source 
Alloy

Number 
density/ 
μm−2 

Diameter/
nm 

Length/

nm

T1 
DF images along 

112Al direction 

A 140 20−160  

B 179 20−190  

θ' 
DF images along 

100Al direction 

A 53  20−240

B 77  20−240

S' 
DF images along 

112Al direction 

A 36 20−130  

B 11 20−120  

 

θ' (77 μm−2) are higher. In addition, the length of T1 
precipitates in the Sc-free alloy B is a little larger than 
that in the 0.082% Sc-contained alloy A. These indicate 
that 0.082% Sc addition decreases the fraction of T1 and 
θ' precipitates in the T8 peak-aged alloy, which    
could lead to a strength lowering of the Sc-contained 
alloy A. 

On the other hand, the addition of 0.082% Sc 
increases the amount of rod-like S' phase precipitates, 
which has smaller strengthening effect than T1 and θ' 
precipitates. Meanwhile, Al3(ScZr) particles form during 
homogenization, which can enhance the strength through 

precipitation strengthening and substructure 
strengthening [38]. The synergetic effect, including 
negative effect on strength by T1 and θ' precipitates 
decreasing and positive effect on strength by Al3(ScZr) 
particles, causes only a small decrease in the strength of 
the 0.082% Sc-contained alloy A. 

The above analysis illustrates that if an Al−Cu−Li 
alloy such as 2070 is mainly strengthened by 
Cu-contained precipitates of T1 and θ', its strength will be 
lowered by small Sc addition. However, the 
strengthening precipitate types of Al−Cu−Li alloys are 
dependent on Cu/Li ratio. The main possible precipitates 
include δ' (Al3Li), δ'+T1 or T1+θ' in Al−Cu−Li alloys 
with different Cu/Li ratio [29,30]. Based on this 
consideration, the effect of Sc addition in Al−Cu−Li 
alloys should be related to the Cu/Li ratio. In the 
Al−Cu−Li alloys such as 1469 alloy with high Cu 
content and high Cu/Li ratio, the main precipitates are T1 
and θ'. The addition of small Sc leads to a decrease in the 
strength, due to the formation of the W phases [10,24]. In 
other words, small Sc addition shows negative effect on 
the strength of the Al−Cu−Li alloys with high Cu content 
and high Cu/Li ratio. In the Al−Cu−Li alloys with Cu/Li 
ratio lower than 2.0, the main strengthening precipitates 
are δ'. There only exists a small number of T1, and small 
Sc addition shows different effect on the strength. 
ZHANG et al [21] and SHI et al [39] indicated that in 
both 2099 alloy with a Cu/Li ratio of 1.64 and 
Al−3Li−1.5Cu−0.15Zr cast alloy with a Cu/Li ratio of 
0.5, the most important aging precipitates were δ', and 
the fraction of T1 was much smaller than that of δ'. 
Accordingly, 0.1% Sc and 0.15% Sc enhanced their 
strength, respectively. In Al−3.0Cu−2.0Li−0.12Zr alloy 
strengthened by a large number of δ' precipitates and 
some T1 precipitates, 0.11% Sc addition (i.e., 1460 alloy) 
was also found to enhance the strength, though Cu-rich 
and Sc-contained W phases were possibly formed. In 
these three alloys, a crucial factor for the strength 
enhancement was correlated to the formation of  
Al3(ScZr) or Al3Li/Al3(ScZr) particles due to the small 
addition of Sc. However, in 1460 alloy, as the Sc addition 
was further increased to 0.22%, the strength was lowered. 
A possible explanation for this phenomenon may be 
associated with the fact that the strength enhancement by 
Al3(ScZr) particles cannot match the strength reduction 
caused by T1 content decreasing due to the formation of 
more Cu-rich and Sc-contained W phases. 

By combining this work and literature analysis, it is 
suggested that the strength enhancement by Sc addition 
is mainly suitable for some Al−Cu−Li alloys. In the 
alloys mainly strengthened by T1 and  precipitates, the 
small addition of Sc may display a negative effect on the 
strength. 
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5 Conclusions 
 

1) The small Sc addition leads to the formation of 
two phases: the nano-sized Al3(ScZr) particles 
precipitated during homogenization process, and the 
Cu-rich and Sc-contained W phases formed during 
solidification process and homogenization process. 

2) The small Sc addition does not display grain 
refining effect on the cast structure. However, the 
nano-sized Al3(ScZr) particles formed during 
homogenization process inhibits recrystallization to a 
certain extent and retard the recrystallized grain growth 
during the solution treatment. 

3) The W phases exist as residual particles in the 
solutionized alloy, which decreases the Cu content in the 
solutionized matrix and therefore the fraction of 
Cu-contained phases of T1 and θ' precipitated during the 
following aging process. 

4) The strength of the alloy is lowered a little by the 
small Sc addition to form copper-contained W phase, 
which reduces the amount of main precipitation phase of 
T1 phase and θ' phase in the aged condition. 
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微量 Sc 添加对 2070 铝锂合金 
显微组织演变和力学性能的影响 

 

刘丹阳 1，汪洁霞 1，李劲风 1,2 
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摘  要：通过力学测试、SEM、EPMA 和 TEM 对基于 Al−3.35Cu−1.2Li−0.4Mg−0.4Zn−0.3Mn−0.1Zr(质量分数， %)

的含 Sc 和不含 Sc 两种合金的显微组织和力学性能进行研究。研究发现，0.082% (质量分数)Sc 元素的添加可形成

富含 Cu 和含 Sc 的 Al3(ScZr)粒子和 W 相颗粒。Al3(ScZr)粒子可以抑制固溶过程中的再结晶和再结晶晶粒长大；

而 W 相在固溶过程中不易溶解，可使 Cu 在固溶基体中含量减少，导致在 T8 时效过程中的含 Cu 的主强化相

T1(Al2CuLi)和 θ' (Al2Cu)的分数下降。由于 W 相的形成，少量 Sc 的添加导致力学性能下降。 

关键词：铝锂合金；Sc 添加；显微组织；力学性能 
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