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Effect of Inhibitor on Secondary Recrystallization of Grain-oriented

Electrical Steel Produced by Single-stage Cold Rolling Process

Shozaburo NAKASHIMA, Kunihide TAKASHIMA and Jiro HARASE

Synopsis :

- A study has been made on the effect of inhibitors on the secondary recrystallization of the grain-oriented
electrical steel produced by the single-stage cold rolling process.

(1 )The specimen with MnS doesn’t secondary-recrystallize at all.

Another with MnS and AIN completely does.

One with AIN partially does.

( 2 )For secondary recrystallization of Goss texture, the specimen with MnS and AIN has such following
advantageous features as (a), (b) and (c) as compared with the specimen with MnS, and as (b) and (¢) as

compared with the specimen with AIN.

(a) Strong effect of inhibition on the boundary migration of primary grains during the heating period of

final annealing.
(b)Small average size of primary grains.

(c) Strong densities of {110} and | 111} poles in primary texture.

That is, probably, abundant Goss

nuclei and the texture easy to be consumed by Goss oriented grains.

Key words : single-stage cold rolling process; electrical steel;

recrystallization ; inhibitor.
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Table 1. Chemical compositions.
Chemical compositions (mass% )
Specimen C Si Mn S sol. Al N
(A) 0.065 3.02 0.075 0.0003  0.0003  0.0007
B) 0.065 3.04 0.074 0.023 0.0003  0.0008
(C) 0.067 2.97 0.073 0.0006 0.0282 0.0103
(D) 0.062 3.05 0.076 0.025 0.0270  0.0089

Table 2. Experimental procedures.

(1) Melting : 300 kg vacuum furnace — 50 kg ingots
(2) Slab making : 1250°CX60 min— 40 mm(¢)
( 3) Hot rolling : Heating 1 350°C <90 min
Extraction (1 350°C) — Start of rolling (1300°C); 40s
Rolling (40— 2.3 mm in 6 passes, 1 300 —1100°C); 20 s
Cooling in shower (1100 —+550°C);5s
Cooling in natural air (550°C— RT)
(4 ) Hot-band annealing : 1120°C X 120 s— Air cool to 900°C—
100°C water quench
(5) Cold rolling : 2.3—0.285 mm(¢)
Aging; 250°CX 10 min X5 times (1.6,1.2,0.8, 0.6, 0.4) mm (t)
( 6 ) Decarburizing annealing : 75vol % Ha+25 vol % N3,
Dew point 63°C, 850°CX210s
(7) MgO coating : 95 mass% MgO+5 mass% TiOz
( 8) Final annealing : (Heating> 85 vol % Hz+15 vol %5 Na,
15°C/h <{Soaking> Hz, 1200°CX20h
(9) Sizing for SST : — 60 mm{ w) X300 mm(/)
(10) Stress-relief annealing : 850°CX4 h
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Fig. 1. Concentrations of MnS and AIN in each
stage. '
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Photo. 1. Dispersions of precipitates after hot
rolling (1/2 X thickness).
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Photo. 2. Dispersions of precipitates after de-
carburizing annealing (1/2 X thickness).
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Photo. 3. Dispersions of precipitates in heating of
final annealing (1/2 X thickness).
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Photo. 5. Macrostructures after final annealing.
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