Advanced Materials Research Vol. 896 (2014) pp 605-608
Online available since 2014/Feb/19 at www.scientific.net
© (2014) Trans Tech Publications, Switzerland

doi: 10.4028/ www.scientific.net/AMR.896.605

Interdiffusion of Elements in Aluminum 2024 Clad During Reheat
Treatment Process at 495°C

Eddy Basuki'?®, Sutarno®®, Samuel *°

'Department of Metallurgical Engineering, Faculty of Mining and Petroleum Engineering, Institute
of Technology Bandung, Indonesia.
PT Dirgantara Indonesia, JI. Pajajaran 154 Bandung, Indonesia
®BASF Corporation, Jakarta, Indonesia.
#basuki@mining.itb.ac.id, btarno@indonesian-aerospace.com, ‘samuel@basf.com

Keywords: Alloy 2024, cladding, diffusion, depletion rate, reheat treatment.

Abstract. Aluminum alloy 2024 is normally strengthened with alloying elements of Cu and Mg. As
these elements reduce the corrosion resistance of the materials, a pure Al clad is normally applied.
Nevertheless, during ageing at high temperatures, inter-diffusion between elements can occur
causing the recession of the clad. This study investigated the inter-diffusion behavior of Al 2024
clad at ageing temperature of 495°C and predicted the clad lifetime due to reheat treatment process.
The depletion rate of clad was found at 0.8 um per-hour of heat treatment. It is predicted that the
thickness of the Al 2024 clad will no longer meet with the specifications on heat treatment for 42
hours at 495°C.

Introduction

Duralumin is a group of aluminum alloy containing about 4% copper which has higher
mechanical strength when heat-treated compared than that of pure aluminum, and therefore, this
material is widely used in aircraft industry [1]. However, the corrosion resistance of these materials
is reduced. Therefore, commercial duralumin plate is normally covered with aluminum sheets on
both surfaces to produce aluminum clad [2,3]. Nevertheless, the chemical composition difference
between duralumin and the clad increase the chemical potentials. Consequently, when this alloy is
heat-treated at high temperature, an inter-diffusion tendency between elements occurs in which Cu
and Mg diffuse into the clad, while aluminum diffuses into the substrate [4]. This causes clad
depletion phenomenon that reduces clad life time. In case of heat treatment process, the
phenomenon of depletion tendency should be considered to find out the limitation of reheat
treatment cycles that allowed in practice.

The depletion of aluminum clad during heat treatment process of aluminium alloys has not been
intensively studied [5]. This depletion tendency is basically controlled by interdiffusion mechanism.
Nowadays, diffusion of the ternary Al-Cu-Mg system has been well developed through an
experimental method [6] such as the CALPHAD method [7]. However, the diffusion data have not
been accomodated to evaluate the depletion of Al2024 clad when heated during heat treatment
process. The clad depletion was predicted because of displacement of o/a+6 interface layer to the
outer surface side. The displacement of a/a+0 interface was proposed comply to the following
equation.

7
CQ’_céW —=J 1
¢, -¢ )dt £ (1)

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 167.205.22.105-25/02/14,01:45:34)



606 Advanced Materials Science and Technology

in which C;” and Cia+¢ respectively are the equilibrium concentrations of elements in the a clad
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and o+0 at interface, —é: is the a/a+0 interface velocity, i is Cu and/or Mg, and J;¢ is the inter-
t

diffusion flux of elements in a phase next to the a/a+6 interface.

The clad depletion can be predicted from the o/a+6 interface movement through the following

general diffusion control equation, f = a'«/; , where o is rate constant and t is time. The rate
constant o was analytically calculated by Nesbitt and Heckel [8] for ternary alloys of Ni-Cr-Al
based on previous studies by Kirkaldy [9.10] on motion of planar phase interfaces in multi
component systems. This study aims to predict the life time of the Al 2024 clad by considering the
diffusions of Cu and Mg in the clad of a-Al that influence the movement of o/0+6 interface.
Ternary system of Al-Cu-Mg was selected as the alloy model, as the other elements present in Al
2024 are minor. The equilibrium concentration of Cu and Mg in o and a+0 at a/a+6 interface were
selected based on the chemical analysis of the samples with refer to the ternary phase diagram of
Al-Cu-Mg at 495°C. The rate constant a was obtained analytically and verified with the
experimental result.

Experimental Procedures

Al 2024 clad samples were cut from bulk samples in the size of 16 mm x 16 mm having total
thickness of 2.38 mm, including clad thickness of 55 microns on both surface sides. The average
nominal chemical composition of the 2024 material is 96.5A1-2.1Cu-1.4Mg (all compositions are in
wt.%). Re-heat treatment was simulated by heating the 2024 Al clad at 495°C in argon gas tube
furnace for 1 hour followed by rapid cooling to room temperature and then ageing at 190°C for 10
hours. This was counted as one cycle of heat treatment. The simulation experiment was done until 6
cycles. All sample were then prepared using standard metallographic techniques. The polished and
etched cross-sections were analyzed using optical microscopy and scanning electron microscopy
(SEM) where energy dispersive x-ray analysis (EDAX) device is attached. The concentration
profiles across the clad samples were identified and found on the basis of EDAX results. The
coating and substrate boundaries were confirmed mainly from EDAX results.

Results and Discussion

The representative microstructure of the Al 2024 clad together with a corresponding
concentration profiles for the sample re-heat treated at 6 cycles is shown in Fig. 1 and Fig. 2,
respectively. The minimum thickness of the clad that still be accepted is 1.5% of the total thickness,
in which it is equal 24 um. Figure 3 shows the relation between clad recession and time from which
the rate constant a of 4.6x10” m.sec'’? is obtained. The time of reheat treatment for the clad to have
a minimum thickness of 24 pum is found at 42 hours and this provides available reheat treatment
process for 42 cycles. Nevertheless, it should be noted that other microstructural changes, such as
particle coarsening in the substarte, can also occur that affects the mechanical properties of the
whole materials. Further investigation on this matter is required to provide complete information

especially for aircraft industries concerns.
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Figure.1. Microstructure of Al clad 2024  Figure.2. Concentration profiles of Fig.1
after reheat treatment for 6 cycles.

It is found in this study that the
concentrations of elements in a and ! 50 -

a+0 phases at the interface of a/a+0 A et
for all cycles were basically constant :2 I
indicated by point (b) in Figure 4. 30 -
Therefore, the diffusion path during 25
reheat treatment of Al 2024 clad at 20
495°C was proposed as indicated by o
dot line of a-b-c-d. It is defined that 12 | |
(@) is the original Al clad o 4 .
composition, while (d) is composition 6 20 40 60 80 100 120 140 160
of the 2024 alloy substrate. These ‘ Time (second1/2)

Clad recession {micronj

compositions were used to predict the
rate constant o using analytical model
proposed by Nesbitt and Heckel [8]. Figure.3. Clad depletion vs reheat treatment time
The ternary diffusion coefficients data
used in this analytical model, i.e.,

Dl ..=9.0x10"°, D}, =18x10"% DZ, =234x10" and D;};,Cu =2.16x10"°, were adopted

Cu,Cu Mg .Mg Cu,Mg
from the previous work of Takahashi, et.al [11]. The simulation of the analytical model provides a
equal with 1.14x10® m.sec’?, which is about 2.5 times higher than that found in the experiment.
Trace elements in the alloy and ageing treatment were predicted responsible for this different.
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Conclusion

The study of clad depletion
a-Al + 6-AlzCu + S-Al,CuMg phenomenon of Al 2024

clad during reheat treatment

revealed that Cu and Mg

diffuse from the Al 2024

substrate into the pure Al
a-Al + S-Al,CuMg clad on the surface side. Al
diffuses inwardly causing
the depletion of the clad,
indicated by a/0+6 interface
layer shifts outwardly. The

A . initial clad thickness of 52
Al L . 2 pm tends to deplete to reach
at% Mg a minimum thickness of 24
Figure.4. Diffusion path during reheat treatment of pm winthin 42 hours. An
analytical analysis was used
Al 2024 clad at 495°C. to predict the kinetics of this
interface and found a
constant of depletion rate
slightly different.
References

[1]
(2]

[3]
(4]
(5]
(6]
(7]
[8]
[9]
[10]

(11]

[J. Polmear, Aluminum alloys — A century of Age Hardening, Materials Forum, Vol. 28,
(2004).

J. Liu, M. Li, S. Shen, M. E. Karabin, R. W. Schultz, Macro-micro surface engineering to
improve hot roll bonding of aluminum plate and sheet, Materials Science and Engineering A,
479 (2008) 45-57.

Z. Huda, N. I, Taib, T. Zaharinie, Characterization of 2024-T3: An aerospace aluminum
alloy, Materials Chemistry and Physics, Vol. 113 (2009) 515-517.

Y. Du, W.B. Zhang, D.D. Liu, H. H. Xu, Atomic mobility and diffusivity in Al alloys, NIST
2010, Diffusion Workshop, Maryland, USA (2010) .

M.C. Chen, C.W. Kue, W. Wu, Diffusion and formation of intermetallic compounds during
accumulative roll bonding of Al/Mg alloys, Materials Transaction, Vol. 46 (2007) 2592-2598.
A. Tolley, R. Ferragut, A. Somaza, Microstructural characterization of a commercial Al-Cu-
Mg alloy, Philosophical Magazine, Vol. 89, No. 13 (2009) 1095-1110.

W. Zhang, CALPHAD: Computer coupling of phase diagrams and thermo chemistry, 34
(2010) 286-293.

J.A. Nesbitt, R.W. Heckell, Predicting diffusion paths and interface motion in y/y+p, Ni-Cr-Al
diffusion couples, Metallurgical Transactions A, Vol. 18A (1987) 2087-2094.

J.S. Kirkaldy, Diffusion in multicomponent metallic systems, the motion of planar phase
interfaces, Canadian Journal of Physics, Vol. 36 (1958) 917-925.

J.S. Kirkaldy, J.E. Lane, and G.A. Mason, Diffusion in multicomponent metallic systems,
Diffusion in multicomponent metallic systems, solutions of the multicomponent diffusion
equations with variable coefficient, Canadian Journal of Physics, Vol. 41 (1963) 2174-2186.
T. Takahashi, K. Hisayuki, T. Yamane, Y. Minamino and T. Hino, Materials Transactions,
Vol. 44, No. 11 (2003) 2252-2257.



