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ABSTRACT Microstructures of the transverse and longitudinal sections of commercial purity cop-
per deformed by high-pressure torsion (HPT) have been examined by OM and TEM. In the transverse
section the deformed microstructure is complex, and dislocation cell structures formed in the original
grains at low strain levels. With increasing strain, the dislocation cells continuously transformed into
equiaxed subgrains and finally into equiaxed grains with high angle grain boundaries. In the longi-
tudinal section the elongated grains with lamellar submicron structures were observed at low strain
levels, and with increasing strain the boundary spacing of the elongated grains as well as their orien-
tation angle with respect to the shear direction decreased. In the lamellar structures some elongated
dislocation cells formed and the misorientation between them increased with increasing shear strain.
At medium strains the elongated dislocation cells transformed into subgrains, which transformed into
individual grains at large strain, and the outline of the lamellar structure disappeared. Compression
testing results show that the yield stress and strain rate sensitivity of the HPT treated copper reached
385 MPa and 0.021, respectively.
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HE1 HPT IT¥RERrEHE

Fig.1 Schematic diagram of the device used for high pres-
sure torsion (HPT) (the upper anvil fixed, applied
pressure 1.2 GPa, velocity range 1/3—1/2 r/min)

B2 BuiERER

Fig.2 Schematic drawing of sampling positions (Z: torsion

axis, 7: radius direction)
(a) used in microstructure observation
(b) used in compression testing

B 60 s.
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B3 HPT Cu #& ND HX2BMAR
Fig.3 Optical micrographs of ND sections of the Cu samples deformed by HPT with different shear strains

(a) v=0, initial annealing state (650 C/3 h), average grain size 43 ym
(b) 4=2.7 (torsion revolution N=1, r=1.5 mm), deformed structure is complex and the original

grain boundary is hard to be distinguished
(c) v=10.8 (N=4, r=1.5 mm), uniform microstructure but still difficult to be distinguished
(d) v=43 (N=16, r=1.5 mm), deformed microstructure is very fine and difficult to be distinguished

by OM

E 4 HPT Cu #& ND & TEM BinQ & HE KA i
Fig.4 Bright—field TEM micrographs and SAED patterns of ND sections of the Cu samples deformed by HPT
with different shear strains
(a) v=5.4 (N=1, r=3 mm), subgrain size 100—500 nm
(b) y=8.1 (N=1, r=4.5 mm), more dislocations in subgrains
(c) y=21.5 (N=4, =3 mm), grain boundaries with large orientation difference, dislocation decreased
due to possible dynamic recrystallization, average grain size 273 nm
(d) v=43 (N=16, r=1.5 mm), steady-state grain refinement, average grain size 285 nm
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HE5 HPT Cu #% TD BXFIHAR
Fig.5 Optical micrographs of TD sections of the Cu samples deformed by HPT with different shear strains
(a) v=0, annealing state with equiaxed grains

(b) ¥=2.7 (N=1, r=1.5 mm), grains elongated, average width 12.5 um, average angle 29° with respect

to shear direction

(¢) v=10.8 (N=4, r=1.5 mm), fine elongated microstructure, average angle 12° with respect to shear

direction

(d) v=43 (N=16, r=1.5 mm), grain refined obviously, deformed structure features are difficult to be distin-

guished by OM
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6 HPT Cu #& TD & TEM BAS{R K H ik KATH i
Fig.6 Bright-field TEM micrographs and SAED patterns of TD sections of the Cu samples deformed by HPT

with different shear strains

(a) v=2.4 (N=1, r=1.35 mm), elongated sugrains surrounded by dislocations, average spacing 250 nm
(b) y=12.9 (N=4, r=1.8 mm), average spacing reduced to 170 nm

(c) y=21.5 (N=4, r=3 mm), some grain boundaries with large orientation difference, and some elon-

gated subgrains transformed into equiaxed grains with an average grain size of 264 nm
(d) ¥=37.3 (N=16, r=1.3 mm), equiaxed microstructure with an average grain size of 272 nm
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Fig.7 Schematic drawings of geometric changes in ND sec-
tion (a) and TD section (b) for sample deformed
by HPT (abcd: initial unit configuration; abcd: de-
formed unit configuration)
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Fig.8 Calculated curve of ¢c’ in Fig.7b vs shear strain
for the HPT Cu, cc’ represents the width of elon-
gated grain, the inset shows the variation of mea-~
sured lamellar spacing (Syg) with shear strain
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Fig.9 Compressive stress—strain responses of HPT Cu at
constant strain rate (a) and different strain rates (b).
The materials were subjected to HPT for 16 revolu-
tions at 1.2 GPa and room temperature (Nos.1—4 in
Fig.9a are the sample positons in Fig.2b)
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