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Experimental investigation of fracture surfaces and mechanical properties of
AA1050 aluminum produced by accumulative roll bonding process
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Accumulative roll bonding is new method of severe plastic deformation that in the last decade, utilized
Received 22 July 2016 to produce many materials. In present study, investigated mechanical properties and fracture mode of
Accepted 10 September 2016 microstructure and multi-layered AIl-Al fabricated during accumulative roll bonding process.

Available Online 15 October 2016 Accumulative roll bonding process applied without using lubricant, in the ambient temperature repeated

in seven cycle continuously and without heat treatment between cycles of process that the value of

Keywords:

ARB reduction thickness is 50% in each cycle. The evaluation of mechanical properties and fracture mode

1050 aluminum sheet performed by uniaxial tensile test, micro hardness and scanning electron microscope (SEM) and reveled

mechanical properties that by increasing number of ARB cycles, micro hardness and tensile strength increased that increasing

fsféic\;“fe mode rate at initial cycles more than last cycles. Also elongation after first cycle decreased and then increased.
The variation for mechanical properties during ARB due to governing cold work and high strain
hardening at initial cycles and improve microstructural and grain refinement at last cycles. Maximum
value of tensile strength and micro hardness achieved in last cycle (seventh cycle) that compared with
primary annealed sheet 241.4 and 106% increased, respectively. Also results of SEM demonstrated that
by rising the number of ARB cycles, viewed dimples with shallower and smaller than the initial sample
and changed fracture mechanism from ductile to shear ductile.
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* Super metal

2 Top-down procedure

® Bottom-up procedure

* Sever Plastic Deformation (SPD)
® High Pressure Torsion

® Equal Chanel Angular Pressing

" Accumulative Roll Bonding

306



bl el 9 [EX{ ) FEIVEPRYIRY

o 395 3T 33 b o3ub 395 1050 pgaineglT (Sile olgd 9 causih Zglows (255 () 0

Table 1 Specifications of commercial purity aluminum

Beinss Slge  SWlSe plem 5 olowd oS 51 Jgas

Material Chemical composition (wt. %) Sheet dimensions (I, w, t) Hardness Elongation Yield Strength (MPa)
(mm) (HVN) (%)
Al 1050_Anealed 99.44 All, 0. 406 Fe, 0.121 Si, 0.033 Cu 100, 70, 1 25 35 39
1.cutting
Al1050 A11050
4.Roll Bonding 2 surface Preparation
V¢
2 s
4.Roll Direction
3.Staking

Fig.1 Schematic illustration of ARB process
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Fig. 2 fracture of sample after uniaxial tensile test
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WWD: 6.2218 mm
Det. SE
PC: 12

SEM HY: 30.00 kv
SEM MAG: 1.00 kx
View field: 144.5 pm

20 pm

VEGAWL TESCAI;I

Performance in nanospace n

Fig. 3 Tensile fracture surfaces of initial sample
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SEM HV. 30.00 kv WO 61744 mm
SEM MAG: 100 x Det SE
Viewfleld 1 44 mm  PC. 12

. =1
SEM MV 3000 kv WOD: 7.0998 mm
SEMMAG: 100 x Det SE
View fleld: 1.44 mm PC: 12

SEM HV: 30 00 kv WD 5 9659 mm
SEMMAG: 100 x Det SE
View field: 1. 44 mm PC: 12

SEM HV: 30.00 KV
SEM MAG: 1.00 kx Dot SE
View flold: 144 5 ym

VEGALTE SCAP;J

Pertormance in nanospace I

VEGAN TESCAN SEM HV. 30.00 kv
SEM MAG: 1.00 kx Det SE

Performance in nanospacen Viewfield: 144 5um PC: 12

3
VEGAR TESCAN SEM HV. 3000 kv
SEM MAG: 1.00 kx Det SE

Performance in nanospace n View field: 144.5 um

WD 6.0866 mm VEGANLTESCAN

PC: 12 Performance in nanospace n

"\h

WO. 6.5349 mm VEGAN TESCAN

Performance in nanospace n

WO: 58592 mm VEGAN YESCAI:I

PC: 12 Performance in nanospace n

Fig.4 Tensile fracture surfaces of Al/Al multi-layered: (a) and (b) after 3cycles, (c) and (d) after 5 cycle, (e) and (f) after 7 cycles
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Engineering Strain (%)
Fig. 5 engineering stress—strain curves of initial sample and Al/Al multi-layered strips in the different ARB cycles
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Fig. 6 Variations of tensile, yield strength and elongation for initial sample and Al/Al multi-layered strips in the different ARB cycles
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Fig. 7 Micro hardness variations for initial sample and Al/Al multi-layered strips in the different ARB cycles.
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