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The effect of preliminary 3% tension and artificial ageing regimes on the structure and properties of Al – Li al-

loy 2A93-T3 sheet is studied. Tensile tests and EBSD analysis of the alloy are conducted. Fracture surfaces are

analyzed, and chemical element distribution within the structure is determined. It is established that prelimi-

nary tension facilitates failure of coarse T2 and R phases within the structure and formation of fine hardening

��-phase, a large number of low-angle boundaries and a new S-texture, which increase alloy strength after age-

ing. Amore effective two-stage artificial ageing regime is proposed.
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INTRODUCTION

Al – Li alloys are considered to be very light structural

materials [1 – 4]. They have low density, high strength, wear

resistance, failure resistance, fatigue crack resistance, and

stress corrosion cracking resistance [5, 6], due to which they

are most promising for application in the aviation and aero-

space industries, including for replacement of traditional

high-strength aluminum alloys of the 2000 and 7000 series

[6 – 8]. Alloys of a second generation of the Al – Li system

such as 2090, 2091, 8090, and 8091 have clearly expressed

anisotropy and therefore alloys of a third generation are be-

ing developed with good failure resistance [9, 10].

Alloy 2A97 of the Al – Cu – Li system developed within

China is related to a third generation of aluminum castable

alloys [6]. The alloy is highly alloyed and given heat treat-

ment. After ageing alloy 2A97 it has good strength, failure

resistance, corrosion resistance, and also good weldability. It

is proposed that alloy 2A97 will be used successfully for pre-

paring aerospace structural elements such as beam structures

of an aircraft fuselage body, stringers, panels, lower wall of a

wing panel, and fuel tanks [11].

Several publications are well known devoted to studying

the properties of alloys 2A97. In [6] evolution of the micro-

structure and the main mechanism of the three superplastic

deformation stages have been studied, and also the mecha-

nism for alloy failure during rolling at 290°C with an initial

deformation rate of 3 � 10 – 3 sec – 1. The authors of [12] have

studied an elastic aftereffect and strength in tension for alloy

in the aged condition and evaluated the effect of various fac-

tors on these properties. Tests have been performed in [11]

for fatigue at room temperature with the aim of explaining

the fatigue crack formation mechanism and also studying the

initial stages of alloy 2A97 ageing. Research in [13] was

conducted for alloy tensile testing after preliminary deforma-

tion in tension with a degree of 3 – 6%. It has been estab-

lished that preliminary deformation facilitates an increase in

ultimate strength and some reduction in relative elongation,

and in this case within the alloy structure there is formation

of S? and T1 inclusions. Phases have been studied in [14]

precipitated during alloy ageing and mechanical properties

have been determined after ternary ageing including regres-

sion and repeated ageing. It has been demonstrated that this
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treatment regime makes it possible to achieve maximum

strength properties corresponding to the level of alloy pro-

perties after single stage ageing T6 at 165°C. In [15 – 19] the

efficiency of friction welding with mixing and laser welding

have been studied, and their effect on alloy 2A97 structure

has been studied. Also the effect of structure and nature of

precipitated secondary phase on alloy corrosion resistance

have been studied [20, 21]. However, in spite of a significant

amount of research ally 2A97 [22, 27] specific practical re-

commendations for industrial production providing the pro-

perties required, high quality and component dimensional

precision, have not yet been made.

The aim of this work is analysis of artificial ageing for

alloy 2A07-T3 after quenching and also a study of the effect

of preliminary deformation in a quenched condition on alloy

structure and properties after ageing by different regimes.

METHODS OF STUDY

For this study sheet 1.5 mm thick of alloy 2A07-T3 pro-

duced by the aircraft industry company Xian Aircraft Indus-

try (Group) Co. Ltd. Specimens used in the form of a “dog

bone,” in accordance with the standard GB�T228.1-2010,

were prepared in an electro-erosion cutting mill in the rolling

direction (Fig. 1). Tensile testing was performed in a

WDW-20E at room temperature and with a constant defor-

mation rate 0.01 sec – 1 with recording of the stress–strain

curve.

The original specimens were subjected to treatment for a

solid solution at 520°C for 90 min and then water quenched

at room temperature. After this some specimens were de-

formed in tension to a degree of 3%. The rest of the speci-

mens in this time were within a freezing chamber. Prelimi-

nary deformed, and also quenched (but not deformed) speci-

mens were subjected simultaneously to artificial ageing by

regimes (1 ) 165°C, 60 h; (2 ) 200°C, 15 h + 165°C, 24 h;

(3 ) 200°C, 6 h + 165°C, 6 h. Then all specimens were tensile

tested at room temperature.

Specimens for EBSD analysis were prepared by electric

spark cutting close to a failure area. Specimen surface was

ground with emery paper 1000� and 2000�, and then electro-

polished in 10% perchloric acid solution and 90% ethanol.

Liquid nitrogen was used for cooling the electrolytic polish-

ing liquid. Electropolishing parameters: 20 V; 0.9 – 1.0 A;

15 sec. EBSD analysis was performed in a ZEISS ULTRA55

scanning electron microscope. A crack was studied using a

JSM-6360 scanning electron microscope. Chemical element

distribution within the alloy structure was evaluated in a

Genesis 2000XM60S energy dispersion spectrometer.

RESULTS AND DISCUSSION

A scanning pitch of 4 �m was established for studying

small grains by the EBSD method. EBSD analysis results

were processed by means of Channel 5 software making it

possible to measure grain misorientation angle and to con-

struct orientation maps by a diffraction backscattered elec-

tron method (DOE or EBSD). Grain boundaries with misori-

entation angles < 10° were considered to be low-angle and

with > 10°C they were large angle (green and dark lines in

Fig. 2a respectively). Analysis of data in Fig. 2a showed that

in the original sheet material large angle grain boundaries

predominate; only a small number of low angle boundaries

were observed. In this case according to the orientation map

initial orientations �011� and �111� are parallel to the rolling

direction (Fig. 2b ).
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Fig. 1. Alloy 2A97-T3 tensile test specimen.
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Fig. 2. Grain boundary misorientation (a) and orientation (b ) maps obtained with EBSD of alloy

2A97-T3 sheet in the as-supplied condition: I is pulse frequency; � is misorientation angle.



Normally heat treatment of alloy 2A97-T3 consists of

high-temperature exposure with subsequent quenching and

two-stage artificial ageing.

In the present work alloy 2A97 was heat treated includ-

ing processing for a solid solution at 520°C, 90 min with

subsequent water quenching and single-stage (regime 1 ) and

two-stage (regimes 2 and 3 ) artificial ageing. After heat

treatment specimens were studied in static tension at room

temperature.

Stress-strain curves obtained are shown in Fig. 3 for al-

loy 2A97 specimens after various treatment regimes. It is

seen that the preliminary tension facilitates an increase in

yield and ultimate strength after artificial ageing. Con-

sidering the level of mechanical properties achieved and eco-

nomic indices of the process it was established that the most

effective is regime 3 for artificial ageing: 200°C, 6 h +

165°C, 6 h.

The structure is shown in Fig. 4 for alloy 2A97 tensile

specimens tested after quenching and artificial ageing by re-

gime 3 with preliminary deformation (� = 3%) and without

it. EBSD analysis close to a specimen failure section showed

that the amount of low-angle grain boundaries within the al-

loy structure increased significantly (especially with use of

preliminary tension) compared with the original, i.e., in the

as-supplied condition (compare Figs. 2 and 4). These bound-

aries consist of single dislocations. Consequently, prelimi-

nary plastic deformation leads to multiplication and corre-

spondingly an increase in dislocation density during subse-

quent ageing that facilitates alloy strengthening.

A study of alloy phase composition by the EBSD analy-

sis method showed that in the original condition relatively

coarse and nonuniform distribution of phases T2 (Al
6
Li

3
Cu)

and R (Al
5
Li

3
Cu) (Fig. 5) is present within the structure. Pre-

liminary deformation before artificial ageing facilitates not

only a significant increase in dislocation density within the

matrix solid solution, but also formation during ageing of a

considerable amount of �	 (Al
3
Li) phase inclusions distrib-

uted uniformly within the structure (Fig. 6). Therefore, pre-

liminary deformation leads to a change in the type and nature

of secondary phase precipitation within the alloy structure

during ageing, which also as with an increase in dislocation

density increases the alloy set of mechanical properties.

Alloy 2A97 texture in various conditions was evaluated

by means orientation distribution function (ODF) and EBSD

analysis.

Analysis of the alloy ODF diagram shows the following

(Fig. 7).

1. Very strong Euler angle of the alloy structure in the

original condition, i.e., 4°, 38°, 45°, orientation {112}[110],

orientation density f (g ) = 11.1.

2. After quenching and artificial ageing (3T6) the origi-

nal texture {112}[110] is expressed more weakly and the al-

loy start to form a new texture.
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Fig. 3. Stress-strain curves in static tension for alloy 2A97 after va-

rious heat treatment; T3 is the as-supplied condition; 1-T6, 2-T6,

and 3-T6 are quenching and artificial ageing by regimes 1, 2, and 3

respectively; 1-T8, 2-T8, and 3-T8 are quenching, deformation with

a degree of 3% and ageing by regimes 1, 2, and 3 respectively.
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Fig. 4. Grain boundary misorientation maps for alloy 2A97 after heat treatment by regime 3-T6 without prior defor-

mation (a) and 3-T8 with preliminary (3%) tensile deformation (b ): I is pulse frequency; � is misorientation angle.



3. After heat treatment without preliminary deformation

(regime 3-T6) and tensile testing the strongest Euler angles

of the alloy texture are 53°, 88°, 45°, orientation {112}[112],

orientation density f (g ) = 4.65, which is significantly weaker

than in the as-supplied condition.

4. After heat treatment with preliminary deformation (re-

gime 3-T8) and tensile testing a new S-texture forms within

the alloy, Euler angles are very strong that equal 2°, 14°, and

45°, orientation {112}[110], density f (g ) = 4.08.

Analysis and comparison of alloy texture shows that af-

ter heat treatment, including quenching and artificial ageing

by regime 3, the texture changes compared with the original.

After the same heat treatment, but with preliminary (
 = 3%)

deformation before ageing, there is formation of a new

S-type texture within the alloy.

As a result of preliminary deformation within the alloy

structure there is an increase in dislocation density for the

matrix that may lead to a change in texture type and nature of

secondary phase distribution separated during ageing. As a

result of this alloy 2A97 mechanical properties are improved.

It is typical that the orientation density after this alloy treat-

ment decreases significantly compared with the original.

Reasons for this, and also formation of a new structure are

the alloy heat treatment and plastic deformation.

CONCLUSIONS

1. The structure and properties of alloy 2A97-T3 of the

Al – Cu – Li system have been studied after heat treatment

including quenching, preliminary tensile deformation

(
 = 3%) and artificial ageing by regimes (1 ) 165°C, 60 h;

(2 ) 200°C, 15 h + 165°C, 24 h; (3 ) 200°C, 6 h + 165°C, 6 h.

2. All of the artificial ageing regimes studied facilitate a

significant increase in alloy yield point and strength. The

most effective is regime 3.

3. Use of preliminary plastic deformation before alloy

ageing facilitates a significant increase in dislocation density,

an increase in the amount of low-angle grain boundaries

within the structure, and also formation of a new S-type tex-

ture and a reduction in orientation density that is a reason for

an increase in alloy strength properties with some reduction

in ductility.

4. In the as-supplied condition within the structure of al-

loy 2A97-T3 sheet coarse inclusions of phase T2 and R are

present. After treatment, including preliminary tension by

3%, quenching, and ageing within the alloy structure there is

formation of fine uniformly distributed inclusions of secon-

dary ��-phase (Al
3
Li) that facilitates an increase in alloy ope-

rating properties.
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