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Effect of revolution speed on microstructure and microhardness

of Cu spencimens subjected to high-pressure torsion
XIE Ziding' > WU Xiaodei’  XIE Ji4gia® HONG You-shi’

(1. College of Architecture and Civil Engineering University of Wenzhou Wenzhou 325035 China; 2. State Key
Laboratory of Nonlinear Mechanics Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)
Abstract:Cu specimens were deformed by high—pressure torsion ( HPT) at different revolution speeds to investigate the effect of
revolution speed on its microstructure and mechanical properties by means of OM TEM and microhardness testing. It was found that
heavily deformed microstructure with average grain size in 200 nm formed in the sample after HPT deforming to large strains at a revolution
speed of 1/3 remin~". Increasing revolution speed up to 1 r*min "' some dislocation4ree fine grains appears leading to a 6 percent of
decrease in average hardness as compared to the lower revolution speed counterparts. One turn of HPT deformation induces dislocation—
cells/subgrains with size in 100—600 nm formed and an increase in hardness from 52 to 140 HVO0. 05. The evolution of the microstructure
and mechanical properties with revolution speed was interpreted by using a thermal analysis simulation based on heat generation induced by
the extensive HPT deformation.

Key words:copper; high pressure torsion (HPT) ; microstructure; microhardness; revolution speed

R (HPT) .

63 . ( ) ( ™
’ 102 ). Hebesberger
o HPT
20 C 120 C
400 nm 600 nm

200 C 800 nm

20094106 T 20100402
(10721202 10772178 50571110)

(1978—)
10 1057786689609

Email: xiezl@ wzu. edu. cn. o



31

110
HPT
1/3 remin ™" 1 remin"' Cu
1 16 HPT
(OM) . (TEM)
Cu ;
Ansys HPT
. A 2 HPT
Fig. 2 Schematic diagram of the device used for high pressure
1 torsion (the upper anvil fixed applied pressure of 1.2 GPa)
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Fig. 3 Schematic drawing of sampling positions (z torsion axis)

section | used in microstructure observation (y = 3 mm dashed

circle represents TEM thin film) and section Il used in
Fig. 1

(annealed at 650 C for 3 h average grain size 43 pm)

Optical micrograph of the initial Cu sample microhardness testing (For a given x at least eight test values

were recorded along z axis. )
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Fig. 4 Measured torque curve for Cu specimen

processed by HPT under a pressure of 1.2 GPa
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Fig. 5 Models of thermal analysis for Cu specimen subjected to

HPT processing (a) finite element model; (b) initial mesh model
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Table 1 Material parameters used in the calculation model
Density/ Heat conductivity/ Specific heat capacity/
Material
(kgrm ™) (Wem ™' +K™1) Jekg ' K1)
Steel 7730 20 460
Cu 8930 398 386
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Fig. 6  Microstructure of the Cu specimens after HPT processing at different revolution speeds for 1 turn
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Fig. 7 Microstructure of the Cu spencimens after HPT processing at different revolution speeds
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Fig. 9 The calculated temperature of the Cu specimen 2. 0%
processed by HPT up to 16 turns at different revolution speeds
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