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The Role of Annealing Twins in the Dynamic Recrystallization

of an Austenitic Fe-Ni Alloy

Synopsis :

Ei-ichi FURUBAYASHI and Morihiko NAKAMURA

Dynamic recrystallization mechanisms have been studied in a fully austenitic Fe-33% Ni alloy, using

the orientation analysis of individual recrystallized

grains. The dynamic recrystallization has been found

to start in the form of bulging of existing boundaries, similarly to the static recrystallization at low defor-
mation strains, and multiple annealing twins have been formed at the growth front. Appart from the
twin boundaries, twinning has resulted in the formation of new high angle boundaries, which controlled

the growth of recrystallized grains.

Evidence has been found suggesting that twins are formed by chance during the boundary migration,
and the twinning probability is nearly constant except for some large grains having preferred orientations,
where twinning is suppressed. Schmid factor analysis has been unsuccessful to prove possible mechanical
effects of twinning based on the applied compressive stress. ’
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Table 1.

Etching methods and revealable microstructures.

Naming Composition

Revealable Structures

(a) Macro-Etching
(b) Orientation-Etching

Saturated acqueous solution of FeClg

0.3%IF, 3%HCI, 8%H,0,5 8%HCOOH, Bal. H;0.

Grain boundaries, deformation bands & other substructures
{111} and (001} facets of austenitic crystals
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Table 2. Deformation conditions and microstructural
parameters.

Spec- Peak
imen le&np. € z & Stress Hv Do Fr
N 10-%/s s=? % om MPa k%

7.2x10" 34 66 120 46 100
2.1x10'* 28 129 136 46 ?

tals

5 1000 3.9 1.4x10' 44 56 — — 10
4 1000 2.7 0.94%x10!'* 41 55 139 — 20

6 1000 2.3 0.8x10'2 20 55 130 — 4

7 1000 50, 9 1.8x101% 29 78 148 — 0.1
10 950 0.75 1.1x10'% 37 49 137 — 7

8 930 1.7 4.4x1017 30 56 - - =
3 900 L6 1.0x 10 42 64 —_— = 0.5
9 250 1.4 4.0x10% 36 257 185 — 0

¢ : Compression strain, Hv : Vickers hardness,

Z:é-exp(Q/RT)

, where Q=85 kcal/gram-atm!9,
Dy : Initial grain size,

Fr: Fraction recrystallized,
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(a) : serration of prior boundaries. (b) : boundary bulgings (B) take place along deformation bands (DB). The drawing shows

octahedron composed of (I11) planes, and F and C indicate primary slip directions.

the bulging boundary.

(c) :a twinned recrystallized grain (R) at

Photo. 1. Micrographs of specimen No. 3 revealed by the macroetching.
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Photo. 2. Twinned recrystallized grains formed
along the prior boundary (GB) in sbecimen No.
10. Considerable fraction of recrystallized grain
boundaries, shown as RB, appear parallel to coher-
ent twin boundaries (TB).
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Fig. 1. A cluster of twinned recrystallized grains
along a prior boundary GB between deforming
grains M1 and M2 in specimen No. 5.
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Fig. 2. (111) pole figure showing orientation
relation between recrystallized grain X and
deformed matrix M2 in specimen No. 5.

Fig. 3. (111) pole figure showing orientation
relation between recrystallized grain Y and
deformed matrix M2 in specimen No. 5.
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Photo. 3. Micrograph of specimen No. 5 revealed
by the orientation-etching. The field of the photo-
graph is indicated in Fig. 1.

Table 3. Orientation relations among recrystallized
grains and deformed matrixes.

Matrix Ml M2
Recrys.
Grain
A 011> -50° 1-r¥ twin (<111» -60°)
(near zil) (z 3)
X <115> -32° 2-ry twin (£011) -39°)
{near £ 5) (9
<123> -18° l-ry twin
{111> -hy° 2-ry twin
(near £ 7)
v 123y -uge ]| 3-ry twin (<012) -35°)
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Fig. 4. Mean twin size Dt, or twin frequency

per grain Dg/Dr as a function of recrystallized
grain size Dg.
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Fig. 5. Schematic drawing of the nucleation of
a recrystallized grain by the prior boundary (PG
B) bulging and twinning. TB is the twin bounda-
ry.
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Table 4. Scmid factors for twinning systems and
their relation to the observed grain orientations.

Twinning System Observed
orienta-
Ratrix | 1-ry twin 2-ry twin 3-ry twin 4-ry twin|tion
M1 P1 (0.28)
P2 (0.25)
P3 (0.01)
P4 (0.09)
M2 Pl (0.37)
P2 (0.37) A
$1 ¢0.46)
$2 (0.47)
$3 (0.31) X
Ti B
Q] C
T2 D
al E
S4 (0.32)
P3 €0.13)
Py (0.22) ~Ml
S1 (0.21)
$2 (0.32)
S3 (0.34)
S4 (0.03) P
Tl Y
Q1 G
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