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Formation of {111} Recrystallization Textures in Polycrystalline Iron

Synopsis:

Hirosuke INAGAKI

Since the remarkable development of {111} recrystallization textures in polycrystalline iron has not
successfully been explained by the results obtained so far on single crystals, it was tried to clarify the
original these textures by studying rolling and recrystallization textures of polycrystalline specimens
having sharp initial textures and by observing their microstructures.

It was found that interactions between differently oriented neighbouring grains during cold rolling were
so anisotropic that non-random grain boundary nucleation of recrystallized grains could be expected.

Furthermore, it was suggested that, if the stable end orientations of two neighbouring grains were com-
mon, their boundary regions might be forced during cold rolling to rotate in these orientations, so that
stress and strain compatibilities could be satisfied concurrently, creating highly strained regions, which

could provide recrystallization nuclei.

Although such interactigns are considered to occur among the members of {(111)//ND fiber textures,
whose common end orientation is {111}<{110), grain boundary regions of {l111}{112) grains adjascent
to {111}<110) suffer from the severest strain, rotating in {111}{110) orientation. These regions seem
to be the origins of {111}<{110) recrystallization textures typically found in Al-killed steel.
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Table 1. Chemical composition and initial grain sizes of materials,

. .. Chemical composition (wt%) Initial grain size

Specimen Initial texture Ce)
C Mn P S Ti #

G {liO}(OOI) 0.005 0.41 0.011 0.015 — 50

A {111}<110) 0.002 0.36 0.010 0.008 — 60

T {111} {110} 0.006 0.14 0.011 0.020 0.15 50

p _random 0.005 0.005 0.002 0.006 — 40, 400
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Fig.

1.

(200) pole figures showing the initial
textures; a) specimen G, b) specimen A,
and c¢) specimen T.
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Photo. 1. Inhomogeneous process of recrystallization
observed on the longitudinal section of
polycrystalline iron, specimen P, cold
rolled 709, and annealed for 4 min at
550°C.  (Intial grain size, 400p)

i B . o . f
Photo. 2. Tacet pits on the rolling plane of 70%
cold polycrystalline iron, specimen P,
showing the effect of the constraining of
the neighbouring grains on the crystal
rotation of individual grains.

(Initial grain size, 40p)

observed on the longitudinal section of
709% cold rolled polycrystalline iron, spe-
cimen P, (Initial grain size, 400p).
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Fig. 2. (200) pole figures showing the rolling and recrystallization textures of {110}<001)
specimen, G; a) 70% cold rolled, b) 70% cold rolled and annealed for 1 min at
800°C by rapid heating, ¢) 909 cold rolled and d) 909 cold rolled and annealed
for 1 min at 800°C by rapid heating.
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Fig. 3. (200) pole figures showing the rolling and recrystallization textures of rimmed steel
specimen, A. a) b) and c) represent textures of {111}{112) specimen; a) 709 cold
rolled, b) 70% cold rolled and annealed for 1 min at 800°C by rapid heating and
c) 70% cold rolled and annealed for 3hr at 800°C by slow heating, whereas d) e)
and f) are texture of {111}{110) specimen; d) 709 cold rolled, e) 709 cold rolled
and anneled for 1 min at 800°C by rapid heating and f) 70% cold rolled and anneal-
ed for 3hr at 800°C by slow heating.
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Fig. 4. (200) pole figures showing the rolling and recrystallization textures of Fe-Ti alloy T.
res of (1111112} specimen; a) 709 cold rolled, b) 702

a) b) and c¢) represent texturcs of

cold rolled and annealed for 1 min at 800°C by rapid heating and ¢) 709 cold rolled
and annealed for 3hr at 800°C by slow heating, whereas d) e) and f) are textures
of {111}<110) specimen; d) 70% cold rolled, ) 702, cold rolled and annealed for 1
min at 800°C by rapid heating and f) 70% cold rolled and annealed for 3hr at 800

°C by slow heating.
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Fig. 5. {110}<111} slip systems sustaining the highest resolved shear stress during cold rolling
in (111) [112] and (111)[101] grains. (Poles of the corresponding slip planes and
slip directions are connected by solid lines. They are designated by $,~Sg.)
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Table 2. Values of r,/7, calculated for the combination, (111)[112] and (111)[101] grains. S;, S,, S;
and S, are slip systems in (111)[112] grain, while S; and Sg are slip system in (111)[101]
grain. Slip system S,, S, Sy, Sy, S5 and Sg are illustrated in Fig. 5.

Slip systems in

(111)[11§] . 7o/7; due to slip system
grain

Ss; (O11)[111] in (111)[101] grain

7o/7, due to slip sytem _
Se; (110)[111] in (111)[101] grain

Sy (100 [111] , 0.627
Sg; (O11)[111] 0.787
Ss; (110)[111] —0.047
Sy (110)[111] 0.595

—0.047
0.114
0.146
0.787
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