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Accumulative roll bonding is new method of severe plastic deformation that in the last decade, utilized 
to produce many materials. In present study, investigated mechanical properties and fracture mode of 
microstructure and multi-layered Al-Al fabricated during accumulative roll bonding process. 
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 
reduction thickness is 50% in each cycle. The evaluation of mechanical properties and fracture mode 
performed by uniaxial tensile test, micro hardness and scanning electron microscope (SEM) and reveled 
that by increasing number of ARB cycles, micro hardness and tensile strength increased that increasing 
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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Table 1 Specifications of commercial purity aluminum 

Yield Strength (MPa)  Elongation 
(%)  

Hardness 
(HVN)  

Sheet dimensions (l, w, t) 
(mm)  

Chemical composition (wt. %)    Material 

39  35  25  100, 70, 1  99.44 Al, 0. 406 Fe, 0.121 Si, 0.033 Cu  Al 1050_Anealed  

 
Fig.1 Schematic illustration of ARB process 
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Fig. 2 fracture of sample after uniaxial tensile test 
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Fig. 3 Tensile fracture surfaces of initial sample 
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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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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. 

7 
 
 
 
 



    

1050     

13951610  311  

 

 .

 .

 . 

  .
231.7 198 

 .

 .

 .
"2 3" 

 
  

"7" 
 .

"6" 
 .

25 45 

 .
 

  . 

]32[ .

51.5    

-4 

   
-1  

 .

 .

 . 
  -2  -

 

230 
 

 -3

8 %
 

 -4

  

-5 
[1] R. Jamaati, M. R. Toroghinejad, Effect of friction, annealing 

conditions and hardness on the bond strength of Al/Al strips 
produced by cold roll bonding process, Materials & Design, Vol. 
31, No. 9, pp. 4508-4513, 2010.  

[2] L. Li, K. Nagai, F. Yin, Progress in cold roll bonding of metals, 
Science and Technology of Advanced Materials, 2016.  

[3] R. Jamaati, M. R. Toroghinejad, High-strength and highly-uniform 
composite produced by anodizing and accumulative roll bonding 
processes, Materials & Design, Vol. 31, No. 10, pp. 4816-4822, 
2010.  

[4] T. C. Lowe, R. Z. Valiev, The use of severe plastic deformation 
techniques in grain refinement, Jom, Vol. 56, No. 10, pp. 64-68, 
2004.  

[5] P. Shingu, K. Ishihara, A. Otsuki, I. Daigo, Nano-scaled multi-
layered bulk materials manufactured by repeated pressing and 
rolling in the Cu–Fe system, Materials Science and Engineering: 
A, Vol. 304, pp. 399-402, 2001.  

[6] B. Movchan, F. Lemkey, Mechanical properties of fine-crystalline 
two-phase materials, Materials Science and Engineering: A, Vol. 
224, No. 1, pp. 136-145, 1997.  

[7] Y. Chino, M. Mabuchi, R. Kishihara, H. Hosokawa, Y. Yamada, C. 
e. Wen, K. Shimojima, H. Iwasaki, Mechanical properties and 
press formability at room temperature of AZ31 Mg alloy processed 
by single roller drive rolling, Materials Transactions, Vol. 43, No. 
10, pp. 2554-2560, 2002.  

[8] H. Pirgazi, A. Akbarzadeh, R. Petrov, L. Kestens, Microstructure 
evolution and mechanical properties of AA1100 aluminum sheet 
processed by accumulative roll bonding, Materials Science and 
Engineering: A, Vol. 497, No. 1, pp. 132-138, 2008.  

[9] R. Z. Valiev, R. K. Islamgaliev, I. V. Alexandrov, Bulk 
nanostructured materials from severe plastic deformation, Progress 
in materials science, Vol. 45, No. 2, pp. 103-189, 2000.  

[10] V. Segal, Materials processing by simple shear, Materials Science 
and Engineering: A, Vol. 197, No. 2, pp. 157-164, 1995.  

[11] Y. Saito, H. Utsunomiya, N. Tsuji, T. Sakai, Novel ultra-high 
straining process for bulk materials—development of the 
accumulative roll-bonding (ARB) process, Acta materialia, Vol. 
47, No. 2, pp. 579-583, 1999.  

[12] N. Tsuji, Y. Saito, S. H. Lee, Y. Minamino, ARB (Accumulative 
Roll-Bonding) and other new Techniques to Produce Bulk 
Ultrafine Grained Materials, Advanced Engineering Materials, 
Vol. 5, No. 5, pp. 338-344, 2003.  

[13] R. Jamaati, M. R. Toroghinejad, Manufacturing of high-strength 
aluminum/alumina composite by accumulative roll bonding, 
Materials Science and Engineering: A, Vol. 527, No. 16, pp. 4146-
4151, 2010.  

[14] S. Lee, Y. Saito, T. Sakai, H. Utsunomiya, Microstructures and 
mechanical properties of 6061 aluminum alloy processed by 
accumulative roll-bonding, Materials Science and Engineering: A, 
Vol. 325, No. 1, pp. 228-235, 2002.  

[15] M. Raei, M. R. Toroghinejad, R. Jamaati, Nano/ultrafine structured 
AA1100 by ARB process, Materials and Manufacturing 
Processes, Vol. 26, No. 11, pp. 1352-1356, 2011.  



    

1050     

  

312  13951610  

[16] Y. Saito, N. Tsuji, H. Utsunomiya, T. Sakai, R. Hong, Ultra-fine 
grained bulk aluminum produced by accumulative roll-bonding 
(ARB) process, Scripta materialia, Vol. 39, No. 9, pp. 1221-1227, 
1998.  

[17] X. Huang, N. Tsuji, N. Hansen, Y. Minamino, Microstructural 
evolution during accumulative roll-bonding of commercial purity 
aluminum, Materials Science and Engineering: A, Vol. 340, No. 1, 
pp. 265-271, 2003.  

[18] M. R. Rezaei, M. R. Toroghinejad, F. Ashrafizadeh, Production of 
nano-grained structure in 6061 aluminum alloy strip by 
accumulative roll bonding, Materials Science and Engineering: A, 
Vol. 529, pp. 442-446, 2011.  

[19] M. Shaarbaf, M. R. Toroghinejad, Nano-grained copper strip 
produced by accumulative roll bonding process, Materials Science 
and Engineering: A, Vol. 473, No. 1, pp. 28-33, 2008.  

[20] N. Takata, S.-H. Lee, N. Tsuji, Ultrafine grained copper alloy 
sheets having both high strength and high electric conductivity, 
Materials Letters, Vol. 63, No. 21, pp. 1757-1760, 2009.  

[21] Y. Jang, S. Kim, S. Han, C. Lim, C. Kim, M. Goto, Effect of trace 
phosphorous on tensile behavior of accumulative roll bonded 
oxygen-free copper, Scripta materialia, Vol. 52, No. 1, pp. 21-24, 
2005.  

[22] D. Terada, S. Inoue, N. Tsuji, Microstructure and mechanical 
properties of commercial purity titanium severely deformed by 
ARB process, Journal of Materials Science, Vol. 42, No. 5, pp. 
1673-1681, 2007.  

[23] D. Raducanu, E. Vasilescu, V. Cojocaru, I. Cinca, P. Drob, C. 
Vasilescu, S. Drob, Mechanical and corrosion resistance of a new 
nanostructured Ti–Zr–Ta–Nb alloy, Journal of the mechanical 
behavior of biomedical materials, Vol. 4, No. 7, pp. 1421-1430, 
2011.  

[24] J. Del Valle, M. Pérez-Prado, O. Ruano, Accumulative roll 
bonding of a Mg-based AZ61 alloy, Materials Science and 
Engineering: A, Vol. 410, pp. 353-357, 2005.  

[25] M. Zhan, Y. Li, W. Chen, W. Chen, Microstructure and 
mechanical properties of Mg–Al–Zn alloy sheets severely 
deformed by accumulative roll-bonding, Journal of Materials 
Science, Vol. 42, No. 22, pp. 9256-9261, 2007.  

[26] S. Pasebani, M. R. Toroghinejad, Nano-grained 70/30 brass strip 
produced by accumulative roll-bonding (ARB) process, Materials 
Science and Engineering: A, Vol. 527, No. 3, pp. 491-497, 2010.  

[27] A. L. d. M. Costa, A. C. d. C. Reis, L. Kestens, M. S. Andrade, 
Ultra grain refinement and hardening of IF-steel during 
accumulative roll-bonding, Materials Science and Engineering: A, 
Vol. 406, No. 1, pp. 279-285, 2005.  

[28] N. Tsuji, R. Ueji, Y. Minamino, Nanoscale crystallographic 
analysis of ultrafine grained IF steel fabricated by ARB process, 
Scripta Materialia, Vol. 47, No. 2, pp. 69-76, 2002.  

[29] M. Naseri, A. Hassani, M. Tajally, Fabrication and characterization 
of hybrid composite strips with homogeneously dispersed ceramic 
particles by severe plastic deformation, Ceramics International, 
Vol. 41, No. 3, Part A, pp. 3952-3960, 4//, 2015.  

[30] A. Shabani, M. R. Toroghinejad, A. Shafyei, Fabrication of 
Al/Ni/Cu composite by accumulative roll bonding and 
electroplating processes and investigation of its microstructure and 
mechanical properties, Materials Science and Engineering: A, Vol. 
558, pp. 386-393, 2012.  

[31] M. Reihanian, F. K. Hadadian, M. Paydar, Fabrication of Al–
2vol% Al 2 O 3/SiC hybrid composite via accumulative roll 
bonding (ARB): An investigation of the microstructure and 
mechanical properties, Materials Science and Engineering: A, Vol. 
607, pp. 188-196, 2014.  

[32] M. Alizadeh, M. Samiei, Fabrication of nanostructured Al/Cu/Mn 
metallic multilayer composites by accumulative roll bonding 
process and investigation of their mechanical properties, Materials 
& Design, Vol. 56, pp. 680-684, 2014.  

  


