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Sensitization in Al-Mg Alloys

* Sensitization: precipitation of beta phase (Al;Mg,)
* Prevalent in 5000-series Al alloys in service

* Greatly reduces lifetime - stress corrosion cracking

R. Goswami et al. / Materials Science and Engineering A 527 (2010) 1089-1095
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R. Goswami, et al, MSE A, 527, 1089 (2010

R. Goswami, et al, Met Trans A, 42A, 355 (2011)
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Sensitization in Al-Mg alloys affects ship
structures
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Sensitization can occur in-service over life of ship structures
Up to 80°C due to solar loading and other heat sources

Lead to intergranular corrosion and stress corrosion cracking
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Earlier work on sensitization in Al-Mg alloys
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Objective and Status

Objective: Determine effect of Grain Boundary
Crystallography and Chemistry on Sensitization in Al-Mg
Alloys

Status: The grain boundary crystallography of Al-Mg
alloy 5083 has been calculated and compared to that
of commerially pure Al.



Relative areas of different grain boundary
types

Grain boundaries have five independent mesoscale parameters

1
Three parameters for the Two parameters for the grain
misorientation: Ag; ;,, boundary plane orientation: n;

Rohrer et al. Z. Metal. 95 (2004) 197.
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Grain Boundary Character Distribution

Orientations of all planes with the
same misorientation

In(A(n]|60°/[111]), MRD)

The grain boundary character distribution (GBCD),
MAg,n), is the relative areas of GB distinguished by
misorientation and plane orientation.

Li et al., Acta Mater. 57 (2009) 4304
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Multi-dimensional GBCD representations
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All Measurements Based on Orientation
Mapping in the SEM

FE SEM source
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Al-Mg Alloy 5083

Section of the orientation map

Orientation map recorded at NRL, microstructures analyzed at Carnegie Mellon

38,118 grain boundary line segments extracted
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Al-Mg Alloy 5083, Grain Boundary Plane
Distribution
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Distribution of grain boundary planes,
without regard to the misorientation.

Preference for (111) is typical for fcc
metals. The magnitude is comparable to
commercially pure Al.

001 101
These are the boundaries that are most
susceptible to precipitation
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Al-Mg Alloy 5083, Grain Boundary Plane
Distribution for Low Angle Grain Boundaries
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LAGBs are the most
common boundaries in the
alloy, and (111) planes are
favored

LAGBs resist preciptation
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Al-Mg Alloy 5083, Grain Boundary Plane
Distribution for 23 Grain Boundaries
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The shape of the grain boundary plane distribution
at 23 is similar to other fcc metals, but the
population at the twin is the lowest I’ve ever seen.
Does Mg increase the stacking fault energy in Al?

{111} twist GBs are the best sites for Al;Mg,
nucleation
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Al-Mg Alloy 5083, Grain Boundary Plane
Distribution for 27 Grain Boundaries
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The peaks in the distribution are very near
the symmetric tilt grain boundaries. This is
quite different from other fcc metals where
the peak is always at the pure twist
position.

{111} twist GBs are the best sites for
Al;Mg, nucleation
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GB plane distribution in Al-Mg Alloy 5083 is
only weakly correlated with Al 1050.

[y
o

(e
® o
L

Populations, commercially pure Al, MRD
(=)]

Populations, Al-Mg alloy, MRD

A

Each point is a single
grain boundary type,
and the position is
determined by the
populationin cp Al
1050 and Al 5083



Summary and Recommendations

The grain boundary plane distribution of AA 5083 has some
characterisrics in common with commercial purity Al, but there
are many differences.

Low misorientation angle grain boundaries are very common.

{111} twist boundaries are relatively rare compared to other fcc
materials.

Complete study the grain Grain Boundary Character Distribution,
collect data from oblique sections for comparison.

Correlate with ongoing 3D atom probe tomography studies at
NRL



