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Effect of AIN Precipitation on the Secondary Recrystallization of Fe-3%
Si Alloy

Jirou HARASE, Kunihide TAKASHIMA, Ryo SHIMIZU and Tadeo WATANABE

Synopsis:

In an attempt to clarify the mechanism of the secondary recrystallization in 3% Si steel containing AIN
and MnS as inhibitors, the relationship between the sharpness of the secondary recrystallization texture
and the precipitation behaviour of AIN and MnS was investigated through changing the dew point of primary
annealing atmosphere and the dew point and the N, partial pressure of secondary annealing atmosphere.

1) The precipitation of AIN during secondary recrystallization annealing increases more when the dew
point at primary annealing atmosphere is 69°C than when it is 50°C, in the case the N, partial pres-
sure of the secondary recrystallization annealing atmosphere is high.

2) When the precipitation of AIN is adequately supressed during secondary recrystallization annealing by
controlling either the dew point of the primary annealing atmosphere or the N, partial pressure of the
secondary recrystallization annealing atomsphere, the onset of the secondary recrystallization temperature
is raised and the sharp secondary texture is obtained.

3) The secondary recrystallization mentioned above can be successfully explained by the new mechanism
of secondary recrystallization considering the special grain boudary migration characteristics of coincidence
boundaries under precipitates and the distribution of the coincidence boundaries in the primary matrix.

Key words: recrystallization; texture; grain boundary; precipitation; electrical steel; AIN; secondary recrys-

tallization; MnS; inhibitor.
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Table 1. Chemical composition of hot-rolled
specimens (wt%).

i C Si Mn S Sol. Al N
Specimen

A 0.044 2.94 0.070 0.027 0.022 0.0056

B 0.044 2.94 0.070 0.021 0.027  0.0061
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Table 2. Preparation of primary recrystallized
specimens.

Hot Band (2.3 mm#)— Annealing (1 100°C, 2 min)—>Pickling—Cold3%
%rolling (0.3 mm#)— Annealing (850°C, 90 s, D.P. 50°C, 69°C, <—10°C)

Table 3. Isothermal annealing condition.
Heating cycle Atomosphere
° . 100% Hy, 75% Ha-Nj, 50% Hy-No
975°C X 300 min DP.< ~10°C 10°C 2
1200CT %20 hr

\
7594 Hy—250Ng—\e— 100% H,
D.PLoTC \ D.P<oc

%Specimen is extracted and water quenched
at 25°C interval from 900°C to 1100°C during
constant rate heating stage

Fig. 1. Constant rate heating annealing condition.
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Specimen B
Fig. 2. Distribution of MnS along the thickness of
the specimen after isotermal annealing.
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Fig. 3. Distribution of AIN along the thickness of
the specimen after isothermal annealing.
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Fig. 4. Effect of the annealing atmosphere on the
aluminium content along the thikness direction.
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Photo. 1. Effect of atmosphere on the distribution of AIN along the thickness of the speci-
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Fig. 5. Effect of dew point of primary annealing
atmosphere on the precipitation of AIN.
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Fig. 6. Grain grawth behaviour during annealing.
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a, b : Specimen A ¢, d : Specimen B
Photo. 2. Effect of dew point of primary annealing
on the macro structure and the magnetic induction
By annealed in 25%N,-75%H,, D. P.<0°C.
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Dew point of primary annealing is 69°C
Fig. 7. Grain growth behaviour during annealing.
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After
secondary

a, ¢: Annealed at 1 100°C X 30 min and 1000°C X 60 min in
75%H,-25%N,, D. P.<0°C respectively
b, d : Annealed at 1 100°CX 300 min in 100%Hj, D.P.<0°C

Photo. 4. Effect of coarse grain layer on the
magnetic induction Bg of secondary texture.
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Fig. 8. Effect of heating rate and N, partial
pressure in the constant rate annealing on the
magnetic induction of secondary texture.
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