
1h at 150ºC

AGE HARDENING

Ross K.W. Marceau

Electron Microscope Unit

The University of Sydney

Australia

Headquarters of the

Australian Microscopy & Microanalysis Research Facility

Australian Key Centre for Microscopy and Microanalysis

ARC Centre of Excellence for Design in Light Metals

Quantitative Atom Probe Tomography Analysis of Solute Clusters formed

During Early Rapid Hardening in Al-Cu-Mg Alloys

R.K.W. Marceau and S.P. Ringer

INTRODUCTION

Al-Cu-Mg alloys which lie in the +S phase field and have a low

Cu:Mg ratio exhibit a remarkably rapid hardness increase during

ageing at elevated temperatures [1]. This rapid hardening

phenomenon (RHP) occurs in Al-1.1Cu-xMg alloys that contain at

least 0.5 Mg (at.%), and may provide > 50% of the total hardness

increment within the first 60 seconds of ageing.

Proposals to explain this phenomenon include the concept of solute

cluster strengthening [2], but due to the difficulty to differentiate

clusters from random compositional fluctuations in the solid solution,

there has been a lack of work on the characterisation of solute

clusters.

Atom probe tomography (APT) using the Local Electrode Atom Probe

(LEAP) instrument together with statistical techniques and new

cluster-finding algorithms has enabled identification, reconstruction

and analysis of three-dimensional atomic scale clusters of solute

atoms.

RHP in the current alloy system to
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CONCLUSIONS

• Significant clusters have been observed at an atomic level using APT

and a new clustering algorithm.

• Average cluster size is small - not yet mainstream thinking.

• 0.5 at.% Mg is critical composition threshold for rapid hardening

(RH).

• Comparison of experimental and random cluster characteristics

(number density, average cluster size) show differences between

non-RH 0.2Mg alloy and RH alloys (0.5Mg, 1.7Mg).

• Number densities of Mg-Mg clusters and Cu-Mg co-clusters are more

significant than Cu-Cu clusters

• These clusters correlate to the rapid hardening phenomenon.
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CORE-LINKAGE CLUSTERING ALGORITHM

Based on the principle that atoms involved in

a cluster are closer together than atoms

which form part of the matrix. Parameters

can be chosen heuristically (see plot).

1. Atoms within dmax (nm) distance apart

from each other are labelled “core”

atoms

2. Atoms within dlink (nm) distance from

core atoms become part of a cluster

3. Define a minimum number of atoms,

Nmin, per cluster

TEM  -  Al-1.1Cu-0.5Mg

AsQ
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Al-1.1Cu-0.5Mg

Aged 1 h at 150°C

322 x 58 x 55 nm

22.8 million atoms

Need to perform

data mining to

extract useful

information.
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SIGNIFICANCE OF NUMBER DENSITY CLUSTERS

Statistical Significance =
NV
exp,i NV

ran ,i

NV (ran,i)

NV = number density clusters
 = standard deviation

V = volume

i = cluster size

NV (ran,i)
=

NV
ran ,i

iV

CHEMISTRY OF CO-CLUSTERS
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