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Abstract. Cu/Al/Cu laminate sheets were fabricated using a multifunction rolling mill. The thickness of the Cu sheets was 300 

μm. Four different thicknesses of the Al sheets were used: 16, 40, 70 and 130 μm. TEM images show that with reduction of the 

Al layer thickness, the fraction of voids in Al layer after rolling increases. FEM was used to simulate the Cu/Al/Cu rolling 

process. The simulation results reveal the effect of the Al layer thickness on the deformation characteristics of the Cu/Al/Cu 

laminate. 

1 Introduction  

With the rapid development in wireless communication 

technologies and portable electronic devices, electromagnetic 

interference to sensitive electronic systems such as medical 

electronics, has become a safety issue that requires special 

attention [1]. In addition, as the devices get ever smaller, it 

will be very interesting to develop micro-parts with the 

capability of electromagnetic shielding. Porous metals, 

particularly porous aluminum, offer attractive features for 

many engineering applications such as automotive and 

aerospace industries, where weight is a major design concern. 

Porous metals have also shown desirable electromagnetic 

shielding properties [1] as well as resistance to combustion, 

good sound absorption ability [2, 3] and damping properties 

[4]. Banhart et al [5, 6] reviewed the use of Al foam in 

sandwich panels. Al foam sandwich technology [5] enables 

the manufacture of both flat and curved Al foam core 

sandwich panels and to shape them to more complex closed 

components by forging. To manufacture Al foam sandwich, a 

three-layer composite comprising a foamable Al alloy sheet 

as a core layer with two flanking sheets on both sides is made 

by extrusion or powder rolling and various subsequent rolling 

operations.  

Recently, bimetal laminate sheets have attracted 

increasing attention due to their many interesting properties. 

There is extensive literature related to Al/Al alloys [7, 8], 

Al/Ti [9, 10], Al/Ni [11, 12] and Al/Cu [13-18]. Jeon et al 

[13] studied the deformation characteristics of a double 

layered Al/Cu sheet during rolling with various process 

parameters using both a physical modeling technique and 

finite element method simulations. Kim and Hong [14] 

studied the bending and fracture behavior of tri-layered 

Cu/Al/Cu composite plates. There are also many studies 

[15-17] on Cu/Al/Cu sandwich clad sheets fabricated using 

cold rolling process and heat treatment. Abbasi et al [15] 

studied the samples of tri-layered Cu/Al/Cu composite 

produced by the cold-roll welding process and heat-treated at 

a constant temperature of 250C for 1 to 1000 h. They 

detected and studied the priority of formation of various 

intermetallic compounds (Cu3Al, Cu4Al3, CuAl and CuAl2). 

However, to date, there have been no reports related to 

fabrication of Al foam sandwich foils. 
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2 Some results  

In the present study, commercial pure (CP) Al (AA1230) and 

Cu sheets were used. The thickness of the Cu sheets (TCu) 

was 300 μm. Four different thicknesses of the Al sheets (TAl) 

were used: 16 μm, 40 μm, 70 μm and 130 μm. A 

multifunction rolling mill (maximum rolling force 50 kN, roll 

diameter 50 mm) was used for the rolling process. Fig. 1 

shows a schematic of the process. Before rolling, the sheets 

were stacked as Cu/Al/Cu laminates. After the first pass, the 

stacked laminates were rolled to 300μm, and further reduced 

to 160μm after the second rolling pass.  

 

Figure 1. Illustration of Cu/Al/Cu laminate rolling. 

Scanning electron microscopy (SEM) was used primarily 

to reveal details of the laminate microstructure after rolling. 

The rolling direction-normal direction plane of the rolled 

samples was employed to carry out the TEM test. In order to 

avoid the change of void boundaries, an FEI xT Nova 

Nanolab 200 Dual-beam workstation was used to prepare thin 

specimens from the bimetallic foils for further TEM 

observation. The specimens were then placed on a standard 

carbon film Cu grid using an ex-situ lift-out method. A 

Philips CM200 Field Emission Gun Transmission Electron 

Microscope (FEG/TEM) equipped with a Bruker Energy 

Dispersive X-ray (EDAX) Spectroscopy system operating at 

an accelerating voltage of 200 kV was used to investigate the 

details of the microstructure, and the selected area diffraction 

(SAD) technique was employed to determine the grain 

orientation. FEM was used to simulate the Cu/Al/Cu rolling 

process. Fig. 2 shows the computational domain and mesh 

used for the simulations. Results reveal the size effect of Al 

layer thickness on their deformation characteristics. 

Figs. 3(a)-3(c) show the section profile after the second 

rolling pass. During Cu/Al/Cu laminate rolling, all three 

thicknesses of Al sheets deform uniformly without severe 

necking and fracture. For the bimetal laminates, fracture of 

layers often occurs due to different yield stresses and 

deformation flow. In some previous studies [19-21], it was 

observed that during rolling of metal laminates with different 

mechanical properties and involving high reduction in 

thickness, a plastic instability develops, the harder phase 

starts necking and eventually gets separated. The absence of 

necking implies that the Cu sheet and Al sheet experience the 

same elongation during rolling. However, there are large 

differences in thickness reduction ratios for different Al sheet 

thicknesses, as shown in Fig. 3(d). For the annealed CP Cu 

sheet and Al sheet, the yield stress of Al sheet is lower than 

that of Cu sheet. Thus, the thickness ratio TAl/TCu should be 

greater than 1 when their thicknesses are similar. However, in 

the experiments in the present study, with reduction in the Al 

sheet thickness, the reduction ratio of Al sheets before and 

after rolling become less than that of Cu sheets. When the 

thickness is 16 m, the thickness reduction ratio between Al 

sheet and Cu sheets is only 0.85.  

 

Figure 2. FEM model and meshing of Cu/Al/Cu rolling process. 

 

Figure 3. SEM images of laminate section for initial Al thickness 

(a) 130 m, (b) 40 m and (c) 16 m. (d) Thickness reduction ratio 

between Al and Cu sheets under various Al sheet thickness. 

Fig. 4 shows the microstructure of the annealed samples 

130 m and 40 m thick. In these two figures, we cannot find 

any voids. After rolling, the microstructures of the Al layer 

with different thicknesses are shown in Fig. 5. In Fig. 5b, the 

interface between the Cu and Al layers shows good bonding. 

We cannot find any residual voids. However, there are a large 

number of voids in the Al layer. In Fig. 5c – Fig. 5f, the void 
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density in the Al layer increases with reduction of thickness 

of the Al layer. When the thickness of Al layer is 130 m, 

there are only a few voids visible. However, when the 

thickness of the Al layer is 16 m, about half of the image is 

taken up by voids.  

 

Figure 4. TEM images of annealed samples for (a) 130 m and (b) 

40 m. 

 

Figure 5. FIB sample (a), and TEM images for (b) interface 

between Al/Cu for Al sheet thickness 16 m, (c) 130 m, (d) 70 m, 

(e) 40 m and (f) 16 m. 

Fig. 6a shows that the stress value changes in the rolling 

deformation zone. At the beginning, the Al layer is under 

compression stress, which will not result in voids in the Al 

layer. However, at the exit zone, the stress changes into 

tensile stress, which might lead to voids in the material. Fig. 

6b shows the maximum tensile stress of Al layer as a function 

of the thickness ratio TAl/TCu. It can be described by Eq. (1): 

_ max 88.5 105.3 Al
y

Cu

T

T
        (1) 

It is obvious that the tensile stress of the Al layer 

increases with decrease of the thickness of the Al layer, 

which results in the voids increasing in the Cu/Al/Cu 

laminate after rolling. 

In summary, experimental results show that voids appear 

in the Al layer during Cu/Al/Cu laminate rolling. The number 

of voids increases with decrease in the thickness of the Al 

layer. Finite element simulation results show that the tensile 

stress increases at the exit of rolling deformation zone with 

reduced foil thickness. This may explain the appearance of 

the voids. 

 

Figure 6. Stress value vs. foil thickness calculated by FEM. 
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