Ultrafine Grained Matcrials 1V, Edited by Y.T. Zhu, T.G. Langdon, Z. Horita, M.J. Zehetbauer,
S.L. Semiatin, and T.C. Lowe. TMS (The Mincrals, Metals & Materials Society), 2006

TRANSMISSION ELECTRON MICROSCOPY STUDY OF THE STRAIN
INDUCED LOW AND HIGH ANGLE BOUNDARY DEVELOPMENT IN
EQUAL-CHANNEL ANGULAR-PRESSED COMMERCIALLY PURE
ALUMINUM

M. Cabibbo'", E. Evmgclisw'. M.E. Kassner’, M.A. Mcycrs’

ICNR-(INFM)/Dept. of Mechanics, Polytechnic University of Marche
Via Breeee Bianche, 60131-Ancona, Italy
?Dept. of Acrospace and Mcchanical Engincering, University of Southern California
Los Angcles, CA, 90089-1453, USA
*Mechanical and Acrospace Engincering Department, University of California, San Dicgo
La Jolla, CA, 92093-0411, USA

Abstract

Cell and high-angle grain boundary cvolution under equal channel angular pressing
(ECAP) was investigated in commercially pure aluminum using transmission clectron
microscopy. Transmission clectron microscopy - techniques were cxtensively used to
characterize very low-angle (i.c. less than 1.5 — 2°) boundarics, which arc difficult, if not
impossible, to detect by ficld-cmission gun scanning clectron microscopy with clectron
back-scattcred diffraction. Boundary misoricntation was measured by Kikuchi pattern and
performed across about 120 boundarics at cach pass (strain level). Early, very low-angle
boundaries were mostly characterized using Moiré fringes, which yiclded a more precise
value of lattice angular misoricntation across cach boundary. Following routc Bc to a truc
strain of 8, the microstructure mainly consisted of nano-scalc grains and high-angle
boundarics (misoricntations higher than 15°) accounted for ~70% of all boundaries. The
microstructural cvolution was compared with that induced by cold-rolling (CR) to
cquivalent strains. The substructure development gencrally exhibits the same trends, as a
function of strain, for both ECAP and CR and have very similar grain refining potentials.
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Introduction

Different techniques for producing ultrafine-grained (UFG) materials for structural
applications have been introduced, especially over the last decade [1]. The advantages of
fabricating matcrials with sub-micron size grain microstructurcs as structural components lic
in their improved mechanical propertics such strength, hardness, ductility, fatigue resistance
and low-temperature superplasticity [1-10]. Equal channel angular pressing (ECAP) is onc
promising tcchnique that uses severe plastic deformation (SPD) to induce a refined
microstructure. ECAP has the important advantage of maintaining billet shape. This method
was introduced and developed by Segal ct al. [2]. A typical ECAP dic consists of two
intersccting channcls of identical cross-section [1-3]. A billet of material is introduced in the
vertical channel and forced by a plunger into the horizontal channel [3]. The shear strain per
pass through the dic is determined by the channcl angle and the intersccting curvature
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