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A review of the production of ultrafine grained and nanograined metals by
applying severe plastic deformation
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this article, the structure of methods to produce ultrafine-grained (UFG) tubes is studied. The
Received 29 February 2016 metallurgical and mechanical effects of these methods on the materials are fully investigated. Ultrafine
Accepted 12 May 2016 grained materials have grains with an average size of 100-1000 nm. If the grain size is less than 100 nm,

Available Online 02 July 2016 the material is classified as the nanostructure which has numerous applications in different industries

such as aerospace, automobile, military and medical. Generally, the methods presented in this paper

gm‘;r,ﬂisﬁc deformation have been done on common materials like aluminum and pure copper and magnesium alloy AZ91.
Ultrafine-grain tubes Generally, in severe plastic deformation (SPD) methods, very high strain applied to the material at low
Nanomaterial ' temperatures to change microstructure for ultrafine or nanostructure. Most severe plastic deformation
Mechanical properties methods are used for producing ultra-fine grain bulk, whereas the need for strong tube increased in the

grain refinement last decade. Therefore, types of researches were conducted to produce UFG tubes. Advances have been

presented completely so that the advantages and disadvantages of each process are clearly comparable.
Microstructural features, benefits ultrafine grained and nanostructured materials, improved mechanical
properties will be discussed.Furthermore, this article reviews the refinement and deformation
mechanisms, e.g. dislocation deformation mechanism, twin deformation mechanism, grain boundary
sliding, etc. of SPD methods.
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Slow-angle grain boundary (LAGB)

* high-angle grain boundary (HAGB)

' disorientation distribution function (DDF)
!¢ Crystallographic texture
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! Severe Plastic Deformation (SPD)

? Dislocation

® Subgrain

* high-pressure tube twisting (HPTT)

® Accumulative spin-bonding (ASB)

® Tube Channel Pressing (TCP)

" Tube Channel Angular Pressing (TCAP)

® parallel tubular channel angular pressing (PTCAP)
® Tube cyclic expansion-extrusion (TCEE)

*® Tube Cyclic Extrusion-Compression (TCEC)

' Repetitive tube expansion and shrinking (RTES)
*2 Cyclic flaring and sinking (CFS)
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® bimodal

® twinning

" stacking fault energy (SFE)

® high-pressure tube twisting (HPTT)
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! orientation distribution function (ODF)
? Hall-Petch relation

® strain hardening

* vacancy
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Fig. 2 Micrographs obtained by EBSD from different points on tube
thickness (a) near the inner surface, (b) in the middle, (c) near the
outer surface [46].
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() Tube Roller

Mandre =

~ Spin- bonding

Fig. 3 (a) Schematic illustration of the spin-bonding and (b) tube
spinning set up used for spin-bonding on lathe [11].
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twisting [10].
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? Accumulative Roll Bonding (ARB)
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! Accumulative Spin-Bonding (ASB)
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® Tube Channel Pressing (TCP)

6 o)leiis16 053 1395 D93 s (w3 Sulle wiie



G5 )3 9 B 031) )i L

390 Sty JSubs puis Jloc! Josgs HUid Lwgili 9 4l ju) $99 slo alg) Julgs Loy s G920

Cylindrical punch ——4

Die -
Tube

Mandrel

() ()
Fig. 8 (a) Schematic of TCAP and (b) experimental setup [57].
[67] o255 g0 @ 12| cami -0 TCAP an 3 Ssloss -l 8 S

Fig. 9 FESEM micrograph of the microstructure of (a) the initial as-cast
material and (b) the processed tube along perpendicular to axis
direction after first pass TCAP [57].
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[17] RTES a5 Sstles 15 e

* Face center cubic (FCC)
? Repetitive tube expansion and shrinking (RTES)
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