
5

Volume 9 9

Issues 1-2

September-October 2019

Pages 5-12 

International Scientific Journal

published monthly by the 

World Academy of Materials 

and Manufacturing Engineering 

© Copyright by International OCSCO World Press. All rights reserved. 2019 RESEARCH PAPER

DOI: 10.5604/01.3001.0013.5877

The effect of annealing and anisotropic 

behaviour on tensile and fatigue 

properties of AA 8090

M.H. Abass a, F. Mahmud b, M.S. Alali c,*, A.N. Abood d

a Ministry of Oil, Midland Oil Company, Iraq
b Technical Engineering College of Sulimania, Iraq
c Faculty of Engineering, University of Kufa, Iraq
d Middle Technical University, Iraq

*  Corresponding e-mail address: mowahid.alali@uokufa.edu.iq

 

ABSTRACT

Purpose: This paper aims to assess microstructures and mechanical properties of annealed 
and un-annealed Al-Li alloys (AA8090) and provide valid information regarding influence of 
anisotropy on tensile properties, fatigue lives.

Design/methodology/approach: The methodology included investigating the 
influence of annealing on grain size, tensile strength and fatigue lives of AA8090. Optical 
microscope, scanning electron microscope and X-ray diffraction were utilized to analyse the 
crystallographic texture.

Findings: The results showed that the un-annealed alloy exhibited much finer grain 
structure in three directions, namely longitudinal (L) rolling direction, L-45° and Long 
transverse (LT) combined with stronger crystallographic texture. Regarding to mechanical 
properties, un-annealed alloy presented superior tensile strength with strong anisotropic 
behaviour. L and LT grains direction showed highest tensile strength value of 550 MPa and 
L-45° showed lowest tensile strength value of 420 MPa. Results of fatigue test revealed that 
annealed Al-Li alloy has lower fatigue lives with high influence of test direction on fatigue 
properties. Higher variation in fatigue life to failure links with un-annealed alloy over annealed 
alloy. Examination of fractured surface showed that the morphology of fractured surface is 
a mixture of ductile and brittle fractures in both annealed and un-annealed alloys with more 
brittle behaviour in un-annealed alloy.

Research limitations/implications: The main challenge of this work is the determination 
of the test direction (test angle in respect to rolling direction), which is necessary to provide 
correct information regarding mechanical properties. Further study of low cycle fatigue 
can be done in future, which will be an excellent indication to mechanical properties of 
this alloy since it provides more understanding to the behaviour of the material and better 
comprehend crack propagation and strain stress concentration.

Practical implications: AA8090 alloy is an important candidate for aerospace and 
aircraft industries. Influence of annealing heat treatment and rolling direction on mechanical 
properties of AA8090 alloy provides more accurate information to the manufacturers who 
deal with this alloy. 
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Originality/value: This study is affording a significant information regarding the effect of 
annealing and anisotropic behaviour on mechanical properties of AA8090. To our knowledge, 
there are few reports that study this combination of factors on AA8090 alloy.

Keywords: AA 8090, Anisotropic behaviour, Annealing, Tensile strength, Fatigue strength
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PROPERTIES

 

1. Introduction 
 

Aluminium-lithium alloys are widely used in aircraft 

and aerospace manufacturing where weight saving is 

critical [1,2]. However, their application in industry has 

been prohibited due to the microstructural complexities and 

limited mechanical performances such as poor fracture 

toughness and resistance to fatigue [3]. Anisotropy is 

warranted as a consideration when designing components 

from Al-Li alloys [4,5]. Anisotropy happens as a result of 

strong grain fibering and crystallographic texture. There are 

several responsible factors for anisotropy such as 

directionality and shear-ability of the major strengthening 

precipitates, grain structure and the alignment of high and 

low-angle grain boundaries [6]. Grain fibering 

characteristics were found to influence the nature of 

deformation, the fracture mode and the number of cycles to 

failure under fatigue conditions. On the other hand, 

crystallographic texture controls anisotropy in the cyclic 

stress response behaviour, and cyclic strength coefficient. 

At 45°-60° from the working direction, there will be  

a higher fatigue crack growth, and reduction of at least 

15% in yield strength. Additionally, there will be a 

difference in the plastic properties, fracture toughness and 

bend ductility in the working direction [7,8]. Heat 

treatment also has a pronounced effect on mechanical 

properties of Al-Li alloy. Aging treatment of AA8090, 

aging temperature controls the mechanical properties where 

peak aging temperature gives higher strength and 

toughness than under aging. Double aging treatment of 

AA8090 enhances toughness by decreasing the segregation 

of lithium, which is responsible for intergranular fracture 

[9]. Mechanical testing can also be affected by 

environment temperature through influencing the fracture 

mode. Decreasing temperature during tests from ambient to 

sub-zero temperature using liquid nitrogen, increases the 

fatigue strength, and ductility. The fracture at sub-zero 

temperature produces a large number of delamination that 

scatters the stain localisation [10].  

This work aims to study the effect of annealing heat 

treatment and anisotropy on mechanical properties of 

AA8090 alloy. The effect of grain size, test direction and 

crystallographic texture on tensile and fatigue properties 

was investigated. Mechanism leads to failure of both 

annealed and un-annealed alloys under high cycle fatigue 

was studied and analysed. 

 
 

2. Experimental work 
 

Al-Li alloy sheets with 1.6 mm thick was used in this 

work with annealed and un-annealed conditions. The 

chemical composition is listed in Table 1. 

 

Table 1. 

Chemical composition of Al-Li alloy sheet utilised 

Li Cu Mg Zr Fe Si Na Al 

2.27 1.25 0.49 0.08 0.15 0.04 0.001 Bal. 

 

To analyse the microstructure in three directions, three 

samples were taken from both annealed and un-annealed 

Al-Li alloy. The samples prepared for examination using 

standard grinding and polishing techniques then etched by 

anodizing with a 24V DC for up to 2 minutes in a 2% 

solution of HBF4 (by volume) in water then using of 

Kellers etchant (190 ml distilled water, 5 ml Nitric acid,  

3 ml Hydrochloric acid, and 2 ml Hydrofluoric acid). To 

reveal the microstructural features, Scanning Electron 

Microscope (SEM) was used. The scan was performed 

using Philips XL30 and JEOL 6400 SEM devices. Images 

were taken for fractured samples using secondary electron 

mode. X-ray diffraction was utilized to analyse the texture. 

The test was implemented using Bruker-AXS D8 Discover 

machine, the x-ray source was provided by the Cu-anode 

X-ray tube, powered to 40 KV, 30 mA. The analysis was 

achieved with pole figures collected for three different 

diffraction planes (111, 200, and 220), at 38.48°, 44.81°, 

and 65.18° 2  respectively. 

1.   Introduction

2.  Experimental work
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To evaluate the mechanical properties of the alloy, 

tensile and fatigue tests were conducted. Tensile samples 

were prepared according to BS EN ISO 6892-1:2009. The 

tests were carried out at room temperature with 0.1 mm/s 

strain rate using Instron 5969 mechanical testing machine. 

Fatigue tests were carried out on Instron 8807 50KN, 

servo-hydraulic machine at room temperature with 10 Hz 

frequency and 0.1 stress ratio (R). Fatigue samples were 

made in accordance with BS EN ISO 12106:2017. 

 

 

3. Results and discussion 
 

Optical microscope revealed a significant difference in 

grain size and shape between annealed and un-annealed  

Al-Li alloy. Annealed alloys showed coarser grains size 

than un-annealed alloys as presented in Table 2. The 

difference in gain size can be attributed to the effect of 

thermo-mechanical treatment (rolling/annealing) that 

caused a grain growth and altered the grain shape from  

a pancake to an equiaxed shape as presented in Figures 1 

and 2 respectively. 

 

Table 2. 

Grain size of the three different planes of Al-Li alloy sheets 

Al-Li sheet A, µm B, µm C, µm 

Annealed 57 24 41 

Un-annealed - 20 28 

 

 
 

Fig. 1. Tri-planar, optical micrograph of annealed Al-Li 

alloy 

 

Regarding to the evaluation of the mechanical 

properties, annealed AA8090 showed lower tensile strength 

than un-annealed alloys due to the coarser grains structure 

[11]. Annealed alloy indicated no significant anisotropy, 

where the values of tensile strength in a range between 450 

to 480 MPa (Fig. 3), which can be strongly linked to the 

absence of strong crystallographic texture and low 

randomisation of the planes (Fig. 4). 

 

 
 

Fig. 2. Tri-planar, optical micrograph of un-annealed Al-Li 

alloy 

 

 
 

Fig. 3. Tensile and proof strength of annealed alloys as a 

function of test direction 

 

Un-annealed samples, which characterised with much 

stronger texture (Fig. 5), showed a clear impact of rolling 

direction on tensile properties, where the L and LT grains 

direction showed highest tensile strength value of 550MPa 

and L-45° showed lower tensile strength value of 420 MPa 

(Fig. 6). This difference in tensile strength values can be 

related to the variation in the crystallographic texture in the 

un-annealed samples. This variation has influence on the 

strength of the material since any geometric alterations  

in the various slip systems will be activated during ongoing 

or subsequent deformation [12]. Relationship between 

stress amplitude ( a) and fatigue cycles to failure (Nf)  

is shown in Figure 7 and Figure 8. Cyclic stress responses 

of annealed samples showed nearly similar fatigue life.  
 

3.  Results and discussion
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Fig. 4. X-ray pole figures taken for annealed alloy with 

rolling direction 

 

 

 
 
Fig. 5. X-ray pole figures taken for un-annealed alloy with 

rolling direction 

 
 

Fig. 6. Tensile and proof strength of un-annealed alloys as 

a function of test direction 

 

 
 

Fig. 7. Relationship between stress amplitude ( a) and 

fatigue cycles to failure (Nf) of annealed Al-Li alloy in 

different orientation 

 

 
 

Fig. 8. Relationship between stress amplitude ( a) and 

fatigue cycles to failure (Nf) of un-annealed Al-Li alloy in 

different orientation 

 
This behaviour can be explained in terms of less effective 

anisotropy in annealed samples due to their equiaxed grains 

structure [3,13]. However, samples in the L-45° direction 
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showed a slightly better fatigue life than the L and LT 

directions. While with un-annealed sheets, a clear scatter 

obtained in fatigue life results and L direction exhibited the 

lowest fatigue life. Scattering in fatigue life was due to the 

strong influence of anisotropy in un-annealed alloys that 

resulted from pancake shape grains structure. Anisotropy 

produces superior fatigue resistance in the L-45° and LT test 

directions by presenting useful compressive mean stress. 

While loaded in longitudinal test direction are easy to yield 

in compression and so have low fatigue resistance. It should 

be noted that the fatigue performance of the un-annealed 

sheet was generally higher than that of the annealed 

samples, particularly in the L-45° direction, which could be 

owing small grain size of un-annealed alloy [14,15]. This 

was despite a level of scatter and poor fatigue lives  

 

demonstrated by the un-annealed grain-structured samples 

in the L direction. Fractured surface morphology showed a 

mixture of ductile and brittle fractures in both annealed and 

un-annealed alloys. However, brittle failure was more 

common in un-annealed samples whereas annealed alloys 

contained more dimples (Fig. 9). It is believed that annealed 

alloys exhibited more ductile fracture behaviour due to the 

effect of annealing heat treatment that generally increase 

ductility of materials. During fatigue test, the fractured 

surface of un-annealed alloy featured with delamination at 

grain boundary regions that causes intergranular cracking 

(Fig. 10). Characteristics of three-stages crack propagation, 

normally typical of FCC metals, are noticed in the fracture 

surfaces. Smooth fracture was the main feature of the stage  

I crack propagation of samples in the L-direction, (Fig. 11). 

  
 

  

  

 

Fig. 9. Fracture surfaces of tensile test samples (a) Annealed Al-Li alloy in L direction (b) Un-annealed Al-Li alloy in 

longitudinal with mostly cleavage fracture in L direction (c) Annealed Al-Li alloy in LT direction (d) Un-annealed Al-Li 

alloy in LT direction with mostly cleavage fracture 
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Fig. 10. Delamination characteristics: (a) Un-annealed Al-Li alloy in transverse direction at 380 MPa nominal stresses;  

(b) Un-annealed Al-Li alloy in transverse direction at 500 MPa nominal stresses 

 

 
 

Fig. 11. Stage I crack propagation features of fatigue samples at different conditions and orientations using secondary 

electron technique, SEM: (a) Annealed Al-Li alloy in L-direction, 270 MPa nominal stresses. (b) Annealed Al-Li alloy in 

LT-direction, 290 MPa nominal stresses. (c) Annealed Al-Li alloy in L-45
o
 direction, 380 MPa nominal stresses 

 

 
 

Fig. 12. Stage II crack propagation characteristics of fatigue samples at various orientation and conditions: (a) Un-annealed 

Al-Li alloy in transverse direction, 500 MPa nominal stresses; (b) Un-annealed Al-Li alloy in L-45
o
 direction, 500 MPa 

nominal stresses 
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While with LT-direction, smooth fracture surface was 

limited to much smaller area. Crystallographic crack 

propagation was detected at the L-45° direction, 

nevertheless, with prominent ridges and plateaus. In 

stage II crack propagation region (Fig. 12), un-annealed 

Al-Li alloy demonstrated coarse striation marks 

accompanied by extensive tears along the crack 

propagation plane. In L and LT-directions, extent of 

tearing was significantly lower than annealed alloy in the 

same directions. For un-annealed alloy, striations in the 

L-45° direction, appeared more restricted and localised in 

nature, and a reduced crack plane tearing was evident. 

Stage III crack propagation zone for both sets was similar 

in nature, and typical of a mixture of both ductile and 

brittle failures. 

 

 

4. Conclusions 
 

Anisotropic behaviour was clear in un-annealed 

alloy, where possess different tensile strength and 

fatigue lives at different test directions L, L-45°, and LT 

with more variation than annealed alloy. The changes in 

tensile strength and fatigue lives of un-annealed alloy 

result from the influences of grain size and 

crystallographic texture. Fractured surface morphology 

is a mixture of ductile and brittle fractures in both 

annealed and un-annealed alloys with more brittle 

behaviour for un-annealed alloy. 
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