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® SPD techniques: ECAP, HPT and TE

S
» Equal Channel Angular Pressing (ECAP) ‘000‘(“
> High Pressure Torsion (HPT) a2
> Twist Extrusion (TE) @6‘“

*Productivity very limited
*Only suitable for small samples
*Expensive and large load equipment
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® SPD technique: ARB

% *Degreasing and wire brushing is needed

»A lative roll bonding (ARB) 2 :
cabrulEe el komeling ¢, <, *For good bonding, elevated temperature

( Surface treatment | <« "% *Edge cracking is a major problem
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Fig.4 ARB
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® SPD technique: ACR

» Additional shear strain contributes to grain rotation and subdivision, producing

grain refinement and modification of crystallographic texture. This improves the
properties of the sheet.

» The suppression of dynamic recovery during deformation at extremely low
temperatures preserves a high density of dislocations generated by deformation.
(b)
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Fig. 5 Cross-shear zone in the rolling deformatlon zone
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®World’s first ACR experiments

Rolling mill

Liquid nitrogen

Samples

i:ig.6 Asyn']metric Cryorollin f aluminum sheets
Yu H.L.* Tieu K., Lu C., Liu X.H. et al. Mater. Sci. Eng. A 568 (2013) 212. 2:34AM 6
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®Key findings

ACR: Asymmetric Cryorolling

ECAP: Equal-Channel Angular Press
HPT: High Pressure Torsion

AR: Asymmetric Rolling at room
ARB: Accumulative Roll Bonding

TE: Twist Extrusion
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Shear fracture angle after tensile process
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Fig. 9 Fracture degree and elongation for rolled and aged samples in tensile test.
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Not bonded.
\
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Fig. 10 Bond strength vs. reduction in deformation during cold rolling

Yu H.L.*, Liu X.H., et al. Metall. Mater. Trans. A 45 (2014) 1001. 2:34 AM 9
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| FL-ARB: Four-Layer Accumulative Roll Bonding

| ECAP: Equal-Channel Angular Press [2]

HPT: High Pressure Torsion [5]

[ GP: Groove Pressing [7, 8]

[ AR: Asymmetric Rolling at room [11], cryogenic [10] temperature
— ARB: Accumulative Roll Bonding [12, 13]

- TE: Twist Extrusion [9]
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Yu H.L.*, LuC., Tieu K., et al. Mater. Manuf. Process. 29(2014)448. 2:34 AM 10
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® Innovative combination of
ARB and AR

» ARB technique can produce
nanocomposite sheets.
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» Asymmetric rolling can produce
thinner foils.
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Fig. 13 lllustration of asymmetric rolling process of bimetallic foils
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~ Suh C. et al. I Mech Sci Tech, 2010
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Fig. 14 Tensile test for rolled bimetallic foils Fig. 15 Fracture graphs of tensile test samples
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Fig. 19 TEM graph of Ti layer shape along the rolling direction.
Yu H.L.*, Tieu K., Lu C., etal. Sci. Rep. 4(2014) art. 5017. 2:34 AM 15
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TIAl
Small voids

|
. ure Al aftd! SPD
Al composites /@ [

after annealing
[
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. Al single crystal after annealing [16]

. AA 1100 after annealing [26]

. Pure Al & 20% whisker after annealing [22]
. AA 6061 & SiC after annealing [21]

. Pure Al after HPT & Annealing [15]

. Pure Al after ARB [6]

. Pure Al after HPT [7]

. Pure Al after ECAP [7]

. Current study
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1 Iu- =V 1 1w ||||u.u\, Elrlo_\cllelsﬁlt\elclnnell?gl!??ul “UliniIivauaiIvu .I-U8 h (a.); TEM images Of

annealed Al/Ti/Al laminates in TiAl; nanoparticle frontier for 6 h (b), 12 (c) 48 h (d)
and 168 h (e); (f) is a detail of (e).

Yu H.L.*, et al. Philos. Mag. Lett. DOI: 10.1080/09500839.2014.971902. 2:34 AM 16
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