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Status and expectation of research on accumulative roll-bonding

ZHAN Mei-yan, LI Yuan-yuan, CHEN Wei-ping

(School of Mechanical Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The process of accumulative roll-bonding was reviewed. The principle of ARB, the ARB processed
microstructure and mechanical properties were described in detail. The shear strain, mechanism of grain refining and
strengthening were analyzed. Large size materials with ultrafine grains can be achieved easily by ARB process, whose
tensile strength is usually 2—4 times compared with those of coarse grain materials. The strengthening can be attributed to
the ultrafine grains, dislocation and texture developed during ARB process, as well as the dispersed oxide films and
inclusions on the surfaces by repetition. According to its advantages on the manufacture of high-strength bulk materials at
a high level of productivity, ARB is a promising process in preparing materials with UFG microstructure.
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Fig.1 Effect of grain size on flow stress of materials
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process
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Table 1 Geometrical change of materials during ARB

Number of cycles ~ Number of layers Nurrtl)l())zrn(()it;rbi:;lded Layer interval/um  Total reduction/% Equivalent strain
1 2 1 500 50 0.8
2 4 3 250 75 1.6
3 8 7 125 87.5 24
4 16 15 62.5 93.75 32
5 32 31 31.2 96.875 4.0
6 64 63 15.6 98.44 4.8
7 128 127 7.8 99.22 5.6
n 2" 2"-1 Hy/2" (1-1/2"X 100 0.8n

Hy=1 mm
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Fig.3 Grain sizes measured in severely deformed alloys
processed by ECAE, ARB and SPTS plotted against
homologous temperature: ECAE: (1) Al; (2) Al-3%Mg; (3) IF
steel; (4) Cu; ARB: (5) I F steel; HPT: (6) Zn-22Al; (7) Cu; (8)
Mg; (9) and (10) AINis; (11) Fe; (12) Ti; (13) Ni
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Fig.5 Microstructures of AZ31 (a) and AZ91 (b) alloys

processed by accumulative roll bonding after 4 cycles
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Fig.8 Change curves of mechanical properties of 1100Al and
6061Al alloys with total equivalent strain in ARB process

Table 2 Microstructure, grain size and tensile strength of various kinds of metals and alloys ARB processed

Grain size/  Tensile strength/  Original tensile

Material ARB process Microstructure
pm MPa Strength/MPa
4N-Al 7 cycles at RT Pancake UFG 0.670 125
1100A1 (99%Al1) 8 cycles at RT Pancake UFG 0.210 304 84
5052Al (Al-2.4Mg) 4 cycles at RT Ultrafine lamellae 0.260 388
(A1-4.§£48;2.157Mn) 7 cycles at 100 C Ultrafine lamellae 0.080 551 319
6061A1 (Al-1.1Mg-0.63Si) 8 cycles at RT Ultrafine lamellae 0.100 357
705?6?/11;{%11._750'??_ 5 cycles at 250°C Pancake UFG 0.300 376
OFHC-Cu 6 cycles at RT Ultrafine lamellae 0.260 520
Cu-0.27Co0-0.09P 8 cycles at 200 C Ultrafine lamellae 0.150 470
Ni 5 cycles at RT Ultrafine lamellae 0.140 885
IF steel 7 cycles at 500 C Pancake UFG 0.210 870
0.041P-IF steel 5 cycles at 400 ‘C Pancake UFG 0.180 751 274
(Fe—f).sl‘;OCO—(s)t.gian) 5 cycles at RT Ultrafine lamellae 0.110 1030
Fe-36Ni 7 cycles at 500 C Ultrafine lamellae 0.087 780
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Fig.12 Effect of ARB process on mechanical properties of
AZ31 magnesium alloy: 1— As-rolled, longitudinal; 2 —
As-rolled, transversal; 3—ARBed, longitudinal; 4—ARBed,

transversal
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