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Research status and application prospect of ultrafine grained and/or
nano-crystalline metallic materials processed by severe plastic deformation
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Abstract: With a view to the current researches of ultrafine grained and nano-crystalline metallic materials processed by
severe plastic deformation(SPD), several typical methods, characteristics and principle of SPD were introduced, such as
equal channel angular pressing, high pressure torsion, accumulative roll-bonding and multiple forging. The
microstructural revolution and grain refinement mechanism of metallic materials fabricated by SPD were discussed. The
change tendency of the strength and ductility of the metallic material, and the influence rules of superplastic deformation
was also analyzed. The application of SPD for metallic materials was prospected.
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Table 1  Geometrical changes of materials during ARB

process where two pieces of sheets with thickness of 1 mm

roll-bonded by 50% reduction per cycle!"®

Number Number
Total reduction Equivalent strain

of cycle of layer

1 2 50 0.80

2 4 75 1.60

3 8 87.5 2.40

5 32 96.9 4.00

10 1024 99.9 8.00
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Table 2 Superplasticity of ultrafine grained metallic materials processed by SPD
Material SPD process Grain size/pm Temperature/ Strain rate/s | Elongation/%
Al-3 %Mg-0.2 %Scl ECAP ~0.2 500 1.0><1072 33107 2100 2580
Al1-70345% ECAP ~0.3 400 1107 1090
Cu-30 %Zn-0.1%Z11> ECAP ~0.1-0.4 400 1><107* 400
Al-3 %Mg-0.2 %Sc!'” HPT ~0.13 300 3.3%<10° 1600
Ti-6Al-4VE* HPT ~0.1-0.2 650 1><102 110" 305 530
Mg-9 %A1 HPT 0.33 200 50107 810
7075A15¢ HPT ~0.1-0.15 250 300 21107 2.1><10° 200 320
AZ312 ARB ~2.8 300 11072 316
AZ31P7 MF ~0.36 150 5.0%<107° 300
Mg-1.5Mn-0.3Cel*” TCP ~2 400 3.0x107° 604
AZ6158) ECAP ~0.6 200 33%<107* 1320
Ti-6Al-4V ECAP ~0.3 700 5.0%<107* 700
Ti-48A1-2Nb-2Cr!”! MF ~0.3 800 8.3%<107* 355
Al-3 %Mg-0.2 %Scl®" ECAP ~0.2 400 331072 2280
ZK 601 ECAP ~0.8 200 1.0=<10"* 3050
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