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‘An Origin of the Recrystallized Grains with Preferred Orientations
in Cold Rolled Fe-3% Si Alloy

Ei-ichi FURUBAYASIH

Synopsis:

The origin of the preferred recrystallized texture (011)[100] in cold rolled (111) [211] single crystals
of Fe-395 Si was studied by observing changes in microstructures while heating foil specimens inside a
500kV electron microscope, and by determining the statistical distribution in orientations of small re-
crystallizing grains. ‘ ‘

The formation and the growth of subgrains are found to be a continuous process, in which the
size of cells or subgrains increases gradually through ¢ cooperative rearrangement’ of the subgrain boun-
daries; in other words, a composite process of boundary decomposition, combination and migration.

The subgrain growth is enhanced in the regions of heavily curved lattice, where the (011)[100]-
oriented cell groups are embeded. The (011)[100] grains grow appreciably larger than other grains
in the later stages of rearrangement, and extensively according to the rapid migration of the high angle
boundaries in the final stage.

The predominance of the (011)[100] orientation in the recrystallized textures is the result of the
(011) [100] subgrains to be far larger in number than that of the other recrystallizing grains. The
preferred formation of the (011)[100]-oriented cell groups and subgrains was discussed, as proposed by
CanN, on the basis of the accumulated dislocations belonging to a predominant slip system in the roll-
ing deformation,

(Received Dec. 25, 1969)
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Fig. 1. (110) polefigure showing as-rolled texture in
73%-rolled (111)[211] crystal.  Numbers
attatched on contour lines indicate intensity
referred to randomly oriented powder speci-
men. Triangles, rectangles, and double tri-
angles show (110) poles of (111)[211], (011)
[100], and (311)[233] orientations, respectively.
R.D. and N.D. indicate rolling direction and
normal direction to specimen surface, respecti-
vely.
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Fig. 2. (110) polefigure showing completely recrysta-
llized texture in (111)[211] crystal, 7395-
rolled and 600°C-4hr-annealed. Rectangles,
double triangles, and triangles indicate (110)
poles of (011)[100], (311)(233], and ({111}

(516} orientations, respectively.
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Photo. 1. Optical micrographs showing characteristic

structure of partially recrystallized specimen,
as observed in (111)[211], 73%-rolled and
600°C-8min-annealed. Recrystallized grains,
having bright appearance, are distributed
along striations S in deformed matrix, as
indicated in the figure. Striations lie nearly
parallel to slip plane (211).

Photo. (a) and (b) show similar place but
with different magnifications.
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Photo. 2. Electron micrograph showing typical band-
° ed structure indicated by B in 83%-rolled
(111)[211] crysal.
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Photo. 3. Bright-field and dark-field electron micrographs obtained in the same field of as-

709, ~rolled (111)[211)] crystal; (a)

is bright-field image, (b) to (d) are dark-

fiield ones as obtained by denoted diffraction spots in (¢).
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Photo. 4. Size dependence of intermediate stop on selected area diffraction pattern from a
small recrystallizing grain and the matrix.
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Photo. 5. Diffraction patterns obtained from a dislocation-free grain and surrounding matrix
indicated, as observed in (111)[211] crystal 839;-rolled and 600°C-1 min-annealed.
Orientation of the surrounding areas are (111)[21I1], whereas that of (¢) contains

the (155)[10,1,

Photo. 6. A typical recrystallized grain surrounded
by many small subgrains in matrix, as
observed in (111)[211] crystal, 739%-roll-
ed and 600°C-2 min-annealed
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Fig. 3. A comparison of pole-intensity distribution
in (111)[211] crystal between as-739;-
rolled and fully recrystallized textures
which appeared in Fig. 1 and 2.

kLD 73% JEIEAF s X OSSR T Mo (110) §#& 3
DHULRRIZ & LS o e R3 . ZoFtECi
KRS BAi7e O T DM ES N F 0O F F HR5 AN
LEZT I, EIEM THR-3BDEMMICE—2 2o



740 % t @

3% 56 4 (1970) 5562

2% .: 0\‘@%
S
]

Su

et

(a)

(111)(651)
\\\C) l
/
@

(011)C100) (012)(100)

P

Q

hu;;ﬁ\\

v,

P

(311)(233)

(b)

Fig. 4. Orientation distribution of grains at early stages of recrystallization in 709%-rolled
(111)[211] crystal, annealing being 550°C-15min or 750°C-10 min in bulk state.
Position and diameter of each circle in (a) represent orientation and size of the grain,
respectively. The orientations with simple indices are shown by schematic drawings
at corresponding position of (b). Connecting lines and distances along the lines in
(b) indicate rotations and differences in orientations, respectively.
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Fig. 5. Relation between orientation and size of
grain at three stages of recrystallization
as replotted from Fig. 6. Each stage cor-
responds to annealing of 550°C-15 min,
570°C-10 min, and 600°C°3 min, and is
distinguished by different marks.
Ordinate indicates rotation angle from
(111)[211] towards (011)[100] around
[011] axis. :
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Photo. 7. Successive stages of sub-boundary formation
in 995,-rolled (111)[211] crystal. Photo-
graph (a) was taken at room temperature
(before heating), (b) at 440°C and (¢) at
580°C; thickness being about 1.
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Photo. 8. Successive siages of subgrain growth in
839,-rolled (111)[211I] crystal at 800
°C; thickness being about 4.
Migration (indicated by M), decom-
position (by D) and combination (by
€) of boundaries can be seen.
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Photo. 9. Successive stages of subgrain growth in 839-

880°C; thickness being about 0-6.

rolled (111)[211] crystal observed at
Subgrains grow through boundary migration

(indicated by M), decomposition (by D), and combination (by C), finally large
grains surrounded by higher angle-of-misfit boundaries are formed.
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0

Photo. 10. Growth of a recrystallized (011)[100]
grain by migration of high angle
boundary at 600°C. Time interval be-
tween (a) and (d) was shorter than
30sec. Specimen is 83%-rolled (111)-
[211] crystal with thickness a little
larger than 1p.
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Fig. 7. Detailed representation of change in
boundary structure between (a) and
(b) of Fig. 6.
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