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Abstract: In this work two new kinds of particles in
continuous casted 6082 alloy were observed. nm-size
Al(Fe,Mn,Cr}Si  particles and large U2-AIMgSi parti-
cles were found secondary to the expected, coarse
Al(Fe,Mn,Cr)Si and Mg,Si cn the grain boundaries and
nm-size Mg,Si inside the grains. Because of the small
size of the Al(Fe,Mn,Cr)Si precipitatiocns an increase of
the strength of the alloy is expected.
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Zusammenfassung: In der vorliegenden Arbeit wurden
zwei, bisher nicht beschriebene Ausscheidungen in einer
6082 Al-Mg-Si Legierung gefunden. Es wurden nm-grofde
Al(Fe,Mn,Cr)Si  Ausscheidungen sowie pm-groRe U2-
AlMgSi Ausscheidungen neben den erwarteten, groben
Al(Fe,Mn,Cr)Si und Mg,Si Teilchen an den Korngrenzen
und nm-groBen Mg,Si Ausscheidungen in den K&rnern
gefunden. Aufgrund der GroRe der Al(Fe,Mn,Cr)Si Teil-
chen im nm-Bereich ist eine Festigkeitssteigerung durch
diese Teilchen zu erwarten.

Schliisselwarter: 6082, Aluminium, Mg, Si, AlFeSi, U2-AlMgSi

1. Introduction

Aluminum and especially 6082 Al-Mg-Si alloys are widely
used because of their low density and high, tunable
strength. Besides heat treatment the microstructure espe-
cially influences the properties of the material. Up to now
two different kinds of phases were reported.

First the strength increasing Mg/Si phases.
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Both Mg and Si are soluble at higher temperatures in
solid (and liquid) aluminium, but during cooling they pre-
cipitate dependent on the cooling conditions in a different
type of morphology (Table 1) [2, 5].

Up to now only B and Si have been reported as coarse
(>1 um) particles, all other particles in Table 1 have been
reported as nm-size {<<1 ym) particles.

Secondly there are Al(Fe, Mn,Cr)Si phases in Al-Mg-Si
alloys (6xxx), especially in 6082 alloy. AlFeSi is the com-
mon name of iron-containing phases, however the correct
composition is Al(Fe, Mn,Cr)Si, because this phase also
contains a significant amount of Mn and Cr in case of the
alloy 6082.

There are different structures of AlFeSi intermetallics
(Table 2} [7].

During casting, Fe precipitates mainly as AlFeSi on the
grain boundaries [3].

There are three different crystal structures associated
with morphologies of AlFeSi:

monoclinic B-AlFeSi
cubic o-AlFeSi
hexagonal o'-AlFeSi

a=b=0.612 nm, ¢c=4.15 nm, p=91°
a=1.252-1.256 nm
a=1.23 nm, ¢=2.62 nm

In the as cast billets most of AlFeSi exist as platelets
with a monoclinic B-AlFeSi crystal structure on the grain
boundaries [1], the particles have a length of ~10 um, the
thickness is in the range of 100 nm[4]. This B-AlFeSi cau-
ses deformation cracks during billet extrusion because of
the small cohesion between the precipitations and the Al
matrix (pick-up effect [6]). Furthermore, the monoclinic
phase is very brittle, which contributes to crack formation
[1]. A further reason for cracks caused by the p-phase is a
stress field around the precipitations due to volume chan-
ges during precipitation [6].

During heat treatment the platelets of B-AlFeSi trans-
form into pearl necklace distributed o-AlFeSi [1]. The
transformation starts on the surface of the p platelets, the
driving force for the transformation is the smaller surface
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TABLE 1 :
Different types of Mg/Si precipitations [8]. The table shows the dlﬁerent_kinds of par.tr'cles which could APREALIN
Bxxx alloys. The shape describes the morphology, the formula the chemical composition. a, b and ¢ describe the
lattice dimensions; [ and y the angles of the lattice

Phase Shape Formula Space group a (nm) b (nm) ¢ {nm} § v
GP-zone Needle AiMg,Si, C2/m 1.48 0.405 0.648 105.3°

GP-zone Plate SifMg=1 (fee L1y 0.405

B" Needle Mg,Si, C2/m 1516 0.405 0.674 105.3°

p" Needle Mg, ,Si P6, 0.715 0.715 0.405 120°
B"(C) Lath Mg/Si~1 Hexagonal 1.04 0.405 120°
utia) Needle MgALSi, P 0.405 0.674 120°
U2 (B) Needle AlMgSi Pnma 0.675 0.405 0.794

B Plate/cube Mg,Si F o 0.6354

Si Plate Si Faa 0.5431

TABLE 2:
Different types of AlFeSi [7]. The composition descri-

bes the chemical structure of the alloy; the Fe:Si ratio
the ratio between iron and silicon and is important
for diversification of the different kinds of AlFeSi

Intermetallic phase Compoasition Fe:Si ratio
o-AlFeSi Al Fe Si 6

Al Fe.Si 6

Al FeSi 4

Al Fe.Si, 3
B-AlFeSi AlFeSi 2
n-AiFeSiMlg Al FeMg,Si, 1/6

energy of the « [1, 8]. The reaction is diffusion controlled
and responds to the Johnson-Mehi-Avrami equation [1].
The diffusion of Fe is much slower than the diffusion of Si,
as a result the speed of Fe diffusion fimits the transforma-
tion speed [1].

During the B to o transformation, the Si content of the
AlFeSi decreases and the Fe content increases, because Fe
from the matrix (and also from other precipitations) dif-
fuses into the AlFeSi particles. AlFe, AlFeSi, and Al,FeSi
cannot exist in 8082 alloy as the small Fe content does not
permit their formation under the given process conditions

[1].

2. Methods

For observation of the particles LOM (AXIO Imager AT,
Zeiss), SEM (Quanta 200 3d, FEI, operating at 20 kV}, EDX
{INCA, Energy 200, Oxford Instruments) and TEM (Philips
CM12, operating at 120 kV) were used. For the SEM, polis-
hed samples were used. The accuracy of the EDX result is
+0.1 % because of fluorescence, absorption and influen-
ces of the atomic number. For TEM samples the material
was ground, polished and dimpled tc a thickness of 30 ym
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Fig. 1: Etching pits in LOM, 1,000x. White lines in the picture are et-
ching pits, caused by chemical etching of the nm-size precipitations
in the grains. The black crosses display the orientation of the coherent
particles and as a result the orientation of the grains

and finally ion polished (Precision lon Polishing System
PIPS, Gatan model 691).

For Barker etching a mixture of 13 g boric acid, 35 g HF,
800 ml H,O at a voltage of 20 V for 45 seconds was used.

3. Results

Through Barker etching, etching pits of coherent, the
strength increasing sub-pm size Mg,Si phases were obser-
ved (Fig. 1}, these particles were also observed in Fig. 2.
This is an easy method to observe strength increasing par-
ticles without costly preparation of TEM samples.

In Figs. 3 and 4a Mg/Si phase with a very low Mg:Si
ratio {~1, Table 3) was observed instead of the expected
Mg,Si. As the Mg:Si ratio is smaller than 1, it is impossible
that the phase is consistent with Mg_Si, because for Mg,Si
the Mg:Si ratio is 1.73-2.20.

In literature [7] an Al,FeMg_Si, phase is reported, Ther
mo-Calc recognizes also the existence of AIBFeIVlgssis, but
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Fig. 2: Coherent particles inTEM, 20,000x. The coherent nm-size preci-
pitations of Mg/Si are coherent with the lattice

30 um

Fig. 3: AIMgSi particle inside a grain. Furthermore AlFeSi (white) and
Mg/Si (grey) on the grain boundary are visible, holes are caused by the
etching process

Fig. 4: {a) AIMgSi particle, {b)
EDX result. Beyond the expected
nm-size Mg/Si phases also a pm-
size AIMgSi particle was detected
with TEM.The EDX analysis and
diffraction pattern verified that
this particle is U2-AlMgSi

TABLE 3:
Composition of a typical AIMgSi particle. The chemi-
cal composition of the particles in atomic percent is
shown, results were obtained with EDX

Element Aluminium Al Silicon Si Magnesium Mg
atom(%)
EDX 35.1 30.0 34.9

the observed Mg/Si phase does not contain Fe. Because of
the Al:Mg:Si ratio of ~1:1:1 this phase is most probably U2-
AIMgSi, which was reported up to now only as a coherent
nm-size phase.

The most outstanding phase which was observed in
this work is nm-sized Al(Fe,Mn,Cr)Si.

Normally the Mn:Fe ratio in coarse Al{Fe,Mn,Cr)Si
on the grain boundary is 0.9 [9]. In the observed small
Al(Fe,Mn,Cr)Si particles inside the grain (Figs. 5, 6 and 7)
the Mn:Fe ratio is >>1 which could be seen in Fig. 5b,
sometimes with undetectable amount of Fe, as a result
this particles are more correctly AIMnSi particles. Because
of the size in the range of ~100 nm this particles could
affect the strength of the alloy in a positive manner (the
hardness affecting, intermetaliic phase 8”-Al,Cu is also
about 100 nm in size and is an important particle in 2xxx
Al-Cu alloys).

Up to now the Fe-phases were undesirable in 6xxx all-
oys, but through these observations the negative Fe-phase
could also have a positive side.

4. Discussion

In this work an easy LOM method was found to observe
particles which could normally only be seen in the TEM.
Through this the existence of essential strength-increasing
particles can be proofed.

Furthermore two new particle types were observed: An
U2-AlMgSi phase, which is normally in the range of 10 nm
(Fig. 8a), was observed with a size >1 pm (Fig. 8b). On
the other hand, Al(Fe,Mn,Cr)Si precipitations were found
inside the grain with a size <100 nm (Fig. 8c), normally

wiMAl Mg Si Cr Mn Fe Cu
348 326 22518 50 21 04 al%

m i " . o o o v
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Fig. 5: (a) Mn rich AIMnS;i partic-
le, size ~100 nm, (b) EDX-result.
The picture shows an AIMnSi
particle (grey), furthermore
fringes which are artefacts from
sample preparation

Fig. 6: (a) Mn rich AIMnSi partic-
le, size ~400 x 50 nm, (b} EDX-~
result. A plate shaped AIMnSi
particle is shown in grey, in the
white areas there is a hole in the
sample

Fig. 7: (a) Mn rich AIMnS;i
particle, size ~100 nm, (b} EDX-
result, (¢) Diffraction pattern.
The rounded, grey particle con-
sists mainly of Al, Mn and Si,
the diffraction pattern verifies
that this particle is an a-AIMnSi
precipitation

Al(Fe,Mn,Cr)Si only exists on the grain boundary as a up to now and there are still some further starting points
>1um phase (Fig. 8d). to optimize the properties of 6xxx alloys.

This work shows that the rmicrostructure of the com-
mon metal aluminum and its alloys is not clarified 100%
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Fig. 8: Precipitations in 6082
alloy. a nm-size Mg/Si particles.
b um-size U2-AIMgSi particle.
¢ nm-size Al(Fe, Mn,Cr)Si par-
ticles. d pm-size Al(Fe, Mn,Cr)Si
particies . This Figure with TEM
images compares the expected
particles (a and d) with the
unexpected particles (b and ¢)
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