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Ultra-grain refinement (mean grain size smaller than 1 um) of structural metallic materials has been studied to
improve their mechanical properties such as strength. A novel intense plastic straining process for bulk
materials, named Accumulative Roll-Bonding (ARB), has been proposed and succeeded in producing
ultrafine grained microstructures [1]. It was verified recently that most of the boundaries surrounding the
ultra-fine grains produced by ARB are high angle ones by means of Kikuchi-line analysisin atransmission
electron microscope (TEM)[2-4]. However, such a TEM method has the disadvantage that large areasin the
specimen cannot be measured. On the other hand, an electron backscatter diffraction pattern (EBSP)
technigue in scanning electron microscope (SEM) is suitable for large area measurement, while the quality of
the Kikuchi-lines obtained in a conventional SEM equipped with W or LaBs filament is too low to analyze
because of the intense strain accumulated and/or ultrafine size of the grainsin theheavily deformed materials.
In this study, EBSP measurements in a field emission scanning el ectron microscope (FESEM) was applied to
large areasin the ARB processed materialsin order to evaluate boundary misorientation as well as texturein
the ultra-fine grained microstructure.

The material used in this study is a Ti-added ultralow carbon interstitial free (IF) steel sheet whose chemical
compositionisshownin TABLE 1. The ARB was conducted at up to 5 cycles (an equivaent strain of 4.0)
under the conditions the same as those reported previously [5]. The cross section perpendicular to the
transverse direction (TD) of the ARB processed sheet was prepared by twinjet electro-polishing using a
100ml HCIO, + 900ml CH;COOH solution to obtain a smooth and flat surface. The EBSP measurements
were carried out using an Orientation Imaging Microscopy (OIM) system made by TexSEM Laboratories
Inc., which was attached to an FESEM (FEI XL30SFEG). The FESEM was operated at 15 kV. The
measured areas were 50um above the thickness center of the ARB processed sheet (Region A) and 50um
below the top surface of it (Region B). Each scan covered an area of 10 x 50um with a step size of 50nm,
resulting in about 230,000 measurements for each.

The image quality mapsfor the two measured regions are shown in FIG.1. Using the FESEM/EBSP system
makes it possible to obtain high quality patterns from the whole measured area even in the ARB processed
specimen severely strained up to astrain of 4. Although the measuremert in a conventional SEM equipped
with LaBg filament was also tried, Kikuchi-lines sound enough to be analyzed were not obtained. These maps
also show that both Regions A and B have elongated ultrafine grained microstructure. The OIM images
shownin FIG. 2 (a), (b) and (c) represent the crystal orientations parallel to the normal direction (ND) and the
rolling direction (RD) of the sheet, together with the boundary misorientations for a part of Region A,
respectively. The OIM images shown in FIG.3 are the same ones for a part of Region B. Theboundary

mi sorientation maps show that ailmost al the ultra fine grains have high angle boundaries whose
misorientations are greater than 15 degrees. These results prove that the ultrafine grains obtained by ARB ae
not subgrains but “grains’. The crystal orientation maps indicate that two regions have different textures, that
is, the rolling-texture of RD//<110> in Region A near the thickness center, while the shear-texture of
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ND//<110> in Region B near the surface. Thisdifference most likely reflects the distribution of shear strain
in the ARB processed sheet reported by Lee et al. [6] recently. However, these textures are not so strong.
In summary, the orientation analysis of the ultrafine grained microstructure in large areas has succeeded by
adopting the FESEM/EBSP technique.
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TABLE 1. Chemica composition of the IF steel (mass%).
C S Mn P S Ti B sol. Al Fe
0.0031 <0.01 0.15 0.010 0.005 0.049 <0.0001 0.054 bal.
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FIG. 2. OIM maps for a part of Region A (center). (a) crysta
orientation map showing ND orientations, (b) crystal orientation
map showing RD orientations and (c) boundary misorientation.
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10um | FIG. 3. OIM maps for a part of Region B (surface). (a) crystal

FIG. 1. Image quality maps for orientation map showing ND orientations, (b) crystal orientation
(a) Region A (center) and map showing RD orientations and (c) boundary misorientation.

(b) Region B (surface).
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