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Abstract  Accumulative Roll-Bonding (ARB) process is a Severe Plastic Deformation (SPD) process run to
produce Ultra-Fine Grained (UFG) sheets using intense plastic strains via rolling machine. In this research, the
effect of surface condition (brushing) and annealing treatment on the fracture surface and bonding strength of
the ARBed AA6061 sheets was investigated. In this regard, the specimen surfaces were first brushed in three
different directions, i.e., Rolling Direction (RD), Transverse Direction (TD), and both RD and TD. The ARB
process was conducted up to five cycles, and specimens were tested after the first, third, and fifth cycles. The
annealing treatment was conducted for two hours at 415 °C after the first, third, and fifth cycles. The bonding
strength and hardness profile in the cross-section (perpendicular to the rolling direction) were measured through
peeling and hardness tests, respectively. The results show that RD is the most effective direction for brushing to
achieve high bonding strength with the mean strength of 0.60 N/mm. The fracture surfaces of the specimen were
observed using a Scanning Electron Microscope (SEM). The results represent the broad areas of mechanical
bonding in the rolling direction. Further, post-annealing treatments are shown to increase the bonding strength.
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1. INTRODUCTION

The 6XXX serries of aluminum alloys are widely used
in both automotive and airospace industiries due to their
high strength and good corrosion resistance [1]. Grain
boundary strengthening is considered the main
mechanism in Sever Plastic Deformation (SPD)
methods such as Accumulative Roll-Bonding (ARB).
Introduced by Saito et al., this process can be easily used
for manufacturing the AA6XXX sheets [2-4]. There are
many ARB parameters that affect the strength of the
sheet bonds [4-12] among which, the surface quality and
sheet formabilty are the significant ones. According to
the studies, annealing befor rolling enhances the
bonding strength and also improves the overall strength
due to the diffusion bonding in some cases [13, 14].
Sheet surface must be cleaned and burnished in order to
obtain strong bonding [15]. To date, a majority of
research studies have focused on the ARB pass number
and different materials found in the bond layers [6-14].
Rezaei et al. [16] investigated the impact of texture and
annealing treatment on the ARBed AA6061 sheets.
Zhang et al. [17] examined the tensile properties of
three-layer composite of AA6061-Ti-AA6061 via
rolling at 400, 450, and 500 °C. The two layers of 1 XXX
and 7XXX serries of aluminum alloys through transvers
ARB were manufactured by Magalhaes et al. [7]. A few
studies also evaluated the impact of burnishing
conditions on the bond strength. Jamaati and

Toroghinejad [18] investigated the effect of the size of
bunishing wire on the quality of the AA1100 ARB
bonds. The current study aims to evaluate the effects of
the burnishing direction of sheets befor ARB and and
hteir temper conditions, e.g., work hardened or fully
annealed of sheets on the strength and microstructure of
bonding.

2. MATERIALS AND METHODS

In this study, the AA6061 sheets of 1 x 45 x 200 mm?
were prepaed for ARB. They were first cleaned by
aceton for five minutes and then, the internal surfaces of
the sheets were burnished by 0.5 mm steel wire in three
directions, i.e., RD, TD, and RD-TD. The ARB was
performed by 200 mm rolls and 20 ton rolling machine.
The effect of different temper conditions of the materials
was also studied by annealing one or both sheets at
415 °C for 120 min. All the ARBed samples were then
tested by Universal Testing Machine to measure the
bonding strength based on the ASTM DI1876-08
standard [19]. The quality of the sheet surface and
interface were also investigated by Tescan SEM as well.

3. RESULTS AND DISCUSSION
3.1. The influence of burinishing direction

The results of peel testing are shown in Table 1
according to which, the bonding strength of the RD
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burnished ARB sheets is almost twice that of the TD and
RD-TD ones, as shown in the SEM micrograph depicted
in Figure 1. The cracks detected in the the fracture
surface of the ARB sheets burnished in the RD are more

and larger than those in the other two other directions of
TD and RD-TD. Therefore, the extruded material into
these notches is more possible in the case of RD
burnished sample.

Table 1. The results of peel test of three burnishing direction of ARB sheets

Burnishing direction Mean force (N) Mean strength (MPa)
RD 15.4 0.6
TD 9.1 0.35
RD-TD 8.8 0.34
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Figure 1. SEM micrograph of fracture surface after peeling test of a) RD, b) TD and ¢) RD-TD burnished samples

3.2. The influence of annealing

In order to determine the effect of the material temper
on the bonding resistance, half of the sample is annealed
after ARB in Cycles 2 and 4 and then rolled. The SEM
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images of the bond interface are illustrated in Figure 2
that shows the improvement in the ductility of the
material due to annealing, thus leading to strong
interface and less discontinuity in ARB Cycle 5 than that
in Cycle 3.
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Figure 2. SEM micrograph of sheet interface after; a) 3 and b) 5 ARB cycles

4. CONCLUSION

1. The peeling resistance values of the ARB sheet
burnished in the RD, TD, and RD-TD directions were
obtained as 0.6, 0.35, and 0.6 MPa, respectively.

2. Burnishing in the RD intensified the surface hardness
and created a transvers crack which in turn improved
the interface bonding.

3. Annealing half of the ARB sheets after Cycles 2 and
4 ARB led to the extrusion of material into cracks
much easier, hence strong bonding.
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