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Purpose: The main task of this work was to study the fracture mechanism in 6082 aluminium alloy.

Design/methodology/approach: Microstructure and fractografic examination has been carried out on the
samples in the peak aged condition after static tensile tests, crack resistance test and tensile test in the presence
of sharp notch using an optical microscope - Nikon 300, scanning electron microscope HITACHI S-3400 (SEM)
in a conventional back-scattered electron mode and JEOL - JEM 2100 ARP TEM/STEM electron microscope on
polished sections etched in Keller solution.

Findings: It has been found that, at room temperature, general cavitation (nucleaction of voids) occurs after
appreciable strain. The nucleation of voids results from debonding along certain particle/matrix interfaces. Observations
of microstructure revealed second fracture mechanism initiated by cracking of brittle intermetallic phases.

Practical implications: All this knowledge — identification of the microstructural parameters for the different
modes of void nucleation and cracking of intermetallic phases leading to fracture of the alloy — can be used to
predict maximum ductility before fracture of tensile specimens.

Originality/value: For deformation at room temperature different void populations have been defined: void
nucleated by intermetallic particle fracture, by B particle/matrix decohesion and by o particle/matrix decohesion.

Keywords: Fracture mechanics; Electron microscopy; Microstructure; Intermetetallic phases

1. Introduction

Aluminium alloys have been widely used since the early 20
century for structural engineering applications, in transportation -
aircraft and automotive industries and in civil engineering. Nowadays,
new aluminium alloys are further developed to satisfy the demands of
the transportation industries for high strength, improved damage
resistance as well as reduction of production cost. Heat-treated
aluminium alloys of 6xxx series have been developed in order to
fulfill these requirements [1-3]. The group of these alloys contains
magnesium and silicon as major addition elements and belongs to the
commercial aluminum alloys, in which relative volume, chemical
composition and morphology of structural constituents exert
significant influence on their useful properties [2-6].

Aluminium alloys 6xxx contain a large amount of various
intermatallic particles with size typically ranging between 1 to 10
micrometers. Generally, two populations of large particles and
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dispersoids can be observed in microstructure of all Al alloys of
6xxx series [5-8]. The large particles consist of an intermetallic
phase Mg,Si or Fe-rich and contain Al, Fe, Mn, Si. The most
typical are the plate-like B-AlsFeSi particles and the spherical of
a-Aljp(Fe,Mn);Si. The o-phase (Fe-rich coarse particles) is
arranged in interdendritic channels and small dispersoids. The
brittle, monoclinic -AlsFeSi phase, which is insoluble during
solution heat treatment, is associated to reduced workability and
cause a poor surface finish [7-12].

As reported in the literatures [7-10], damage during extrusion
initiates by decohesion or fracture of these inclusions. The
resistance to damage and fracture depends thus directly on the
nature, shape, distribution and volume fraction of the second
phase particles. High damage localization has been observed
around the coarse particles [7-15]. These particles can either
fracture or debond from the matrix, depending on their size,
morphology, etc. For this reason, these coarse particles are
assumed to be nucleation sites for cracks. The two families of



particles, oo and B, give rise to damage, with different void
nucleation mechanisms. The damage evolution consists thus in
the nucleation, growth and coalescence of different populations of
voids. The damage evolution also directly depends on the
strength, strain hardening capacity and strain rate sensitivity of the
matrix surrounding the voids [7-13].

Microstructure and fracture observation of the samples in the
peak aged condition after static tensile tests, crack resistance tests
and tensile test in the presence of sharp notch R¥ allow to define

two damage mechanisms. The first one is characterized by
nucleation of voids that results from debonding along certain
particle/matrix interfaces and the second fracture mechanism was
initiated by cracking of brittle intermetallic phases.

2. Material and experimental

This study was performed on the commercial AlSilMgMn
(6082) aluminum alloy (Table 1).

Table 1.
Chemical composition of the investigated alloys, %wt

Alloy Si Fe Cu Mn Mg Cr Zn  Others Al
6082 1.2 033 008 050 0.78 0.14 0.05 0.15 bal

The effect of artificial aging on the microstructure,
mechanical properties and fracture toughness was presented in
previous works [2,3,12]. In this study microstructure and fracture
observation were conduct to obtain information about fracture
mechanism in investigated AISilMgMn alloy.

Microstructure and fractografic examination has been carried
out on the samples in the peak aged condition after a) static tensile
tests, b) crack resistance tests and c) tensile test in the presence of
sharp notch R* . The microstructure of examined alloy was observed

using an optical microscope - Nikon 300 on polished sections etched
in Keller solution (0.5 % HF in 50ml H,0). Fracture surface
observation was aslo made in the scanning electron microscope
HITACHI S-3400 (SEM), operating at 6-10 kV in a conventional
back-scattered electron mode. Chemical composition of the
intermetallics was made by EDS attached to the SEM using the
software of Thermo Noran. The thin foils were examined in a JEOL -
JEM 2100 ARP TEM/STEM operated at 200kV electron microscope.
Thin foils for TEM studies were manufactured by cutting 3 mm
diameter discs, followed by grinding manually to a thickness of about
0.1 mm. Finally, the disc was thinned electrolytically using a Struers
Tenupol jet polishing machine, with a solution (by volume)
CH;OH (84cm®), HCIO4 (3.5cm®) and glycerin (12.5cm’),
operating at -10°C and U=28V.

3. Results and discussion

Figure 1 presents fracture surface profile of the specimen of
AlSilMgMn alloy in the peak aged condition after static tensile
test. Optical microscope observation showed that the main crack
is formed at the interface between matrix and intermetallics
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B-AlsFeSi and precipitates of a-Al(FeMn)Si phases (Fig. 1a).
However the secondary cracks occured in the brittle intermetallic
B-AlsFeSi and o-Al(FeMn)Si phases. The elongated particles
aligned along the main loading direction break into several
fragments (Fig. 1b).

Fig. 1. Fracture profile of specimen after static tensile test. The
main crack is formed at the interface between matrix and
intermetallics B-AlsFeSi and precipitates of a-Al(FeMn)Si phases
(a) secondary cracks are present in the brittle intermetallic -
AlsFeSi and o-Al(FeMn)Si phases (matrix/precipitates and
cracked o and P intermetallics interface is marked with white
arrows in the figures)

TEM observation of microstructure of the aged samples of
6082 alloy with the highest tensile strength in the peak aged
condition [12] (Fig.2) confirmed results of optical microscope
observation (Fig. 1). As shown in Figure 2 mechanism of
decohesion followed trough nucleation of voids at the interface
between matrix and intermetallics o-Al(FeMn)Si phase
precipitates. SEM observation of fracture, processes in the sample
with the highest tensile stress in the presence of sharp notch
(Fig. 3), confirmed that fracture initiates within void clusters as a
result of a sequence of void nucleation, void growth, and void
coalescence.
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Fig. 2. TEM micrograph of the 6082 alloy subjected to the
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precipitation hardening process and static tensile test. Visible particle
of o-Al(FeMn)Si phases / a-aluminium interface decohesion

21.4mm x1.70k BSE3D

Fig. 3. Fracture surface of the 6082 alloy after static tensile test in
the presence of sharp notch RE : a) shear oval dimples formed

after coalescence of the linear void sequence b) large dimples
around hard intermetallic a(AlgFe,Si) and B(AlsFeSi) precipitates
and smaller around dispersive hardening B-Mg,Si and o-
Al(FeMn)Si precipitates [5,6]

Figure 4 illustrates the change of fracture mode as a function
of the particle orientation. The results of SEM observation
presents the particles of B-AlsFeSi [5,6] (Fig. 4a) and Mg,Si [5,6]
(Fig. 4b) phases aligned along the main tensile loading direction
break into several fragments. The cracks in the particles are
normal to the macroscopic tension axis. The number of fragments
increases with increasing particle length. Figure 4 shows also how
the fracture mode depends on the particle orientation. It was
observed that the majority of the particles oriented in the range of
0° to 45° with to the loading direction lead to particle fractures.
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Fig. 4. SEM micrographs of specimens after static tensile test.
The main cracks are present in the brittle intermetallic a) -
AlsFeSi and b) Mg,Si phases [5,6]

If the particles were oriented in the range of 45° to 90° fracture

occurred on particle / a-aluminium interface decohesion (Fig. 2).
Figure 5 presents the fracture in two-phase region of the 6082

alloy after static tensile test in the presence of sharp notch R .

The cell is formed from a deformed matrix band around the
cracked o-Al(FeMn)Si particles. The zone of the interface
decohesion is present on the interface between interface o-
aluminium and o-Al(FeMn)Si particles. In the a-Al(FeMn)Si
particles, the numerous cleavage cracks are visible. In the
microregion of the solid solution a-Al the oval and open shear
dimples are revealed (Fig. 5a). Figure 5b present the microregion
of the fracture of mixed morphology. The cleavage facets (a-
Al(FeMn)Si) and shear dimples (a-aluminium) are arranged in
parallel bands.
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Fig. 5. Fracture in two-phase region of the 6082 alloy after static
tensile test in the presence of sharp notch R¥ (a,b) EDS spectra

of cracked a-Al(FeMn)Si particles (points of the EDS analysis are
marked with white spots and arrows in the figure)
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