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Effect of Tin Addition and Condition of Inter-pass Aging in Cold Rolling
on Secondary Recrystallization of Grain-oriented Electrical Steel
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Synopsis

Key words :

1. &S

: A study was made on the effect of the inter-pass aging during cold rolling on the secondary recrystallization of the

grain-oriented electrical steel with Sn produced by the single-stage cold rolling process. The following conclusions were
obtained.

(1) The specimen without Sn yields a perfect secondary recrystallization structure in case of no inter-pass aging and
200°C inter-pass aging, but no secondary recrystallization in case of 300°C inter-pass aging. This failure of secondary
recrystallization is attributed to the smallest amount of the product of {110} and {111} densities in the primary texture,
that is, the smallest opportunity of meeting for Goss nuclei with easily consumable grains by them. The specimen with
Sn yields a perfect secondary recrystallization structure in all cases of the inter-pass aging mentioned above. This is
attributed to the small size of primary grains, the large amount of the product of {110} and {111} densities in the
primary texture, and the large amount of effective inhibitors.

(2) The core loss of the specimen with Sn cold rolled with the inter-pass aging is very small because of the high
magnetic flux density and the small size of secondary grains.
single-stage cold rolling process ; electrical steel ; grain-oriented electrical steel ; secondary recrystallization ; cold rolling ;
inter-pass aging ; tin addition.
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Table 1. Experimental procedures.

) Melting : 300kg vacuum furnace, — 50kg ingots.

) Slab making : 1250°C X 60min, — 40mm(t).

) Hot rolling : 1350°C X 90min, 40mm(t) — 2.3mm(t).

) Hot-band annealing : 1120°C X 120s, — air cooling to 900C, —

100C water quenching.

(5) Cold rolling : 2.3mm(t) — 0.285mm(t).
Inter-pass aging ; after reduced equivalently in ratio.
(a) without
(b) 200°C X 10min X 10times
(c) 300C X 10min X 10times

(6) Decarburizing annealing : 75vol%H, + 25vol%N,, Dew point
63C, 850°C X 210s.

(7) MgO coating : 95mass%MgO + 5mass%TiO..

(8) Final annealing : <Heating> 85vol%H, + 15vol%N,,
{Soaking> H,, 1200°C X 20h.

(9) Sizing for SST : — 60mm(w) X 300mm(l).

(10 Stress-relief annealing : 10vol%H,+90vol%N,, 850°C X 4h.
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Fig. 2. Average sizes of secondarily recrystallized
grains (measured in rolling direction and in
transverse direction by intercept method).
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Fig. 1. Macrostructures of specimens after final
annealing.
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stress-relief annealing.
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Fig. 4. Hardnesses of specimens after hot-band
annealing and after cold rolling (measured at
7 midthickness points on longitudinal section
and averaged).
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Fig. 5. Pole densities for specimens after cold roll-
ing (1/4 X thickness).
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Fig. 6. Average sizes of recrystallized grains for
specimens after decarburizing annealing
(measured in longitudinal section by image

analysis method).
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Fig. 7. Pole densities for specimens after decarbur-
izing annealing (1/4 X thickness).
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Fig. 8. Products of ND pole density of {110} and

that of {111} for specimens after decarburiz-
ing annealing (1/4 X thickness).
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Fig. 11. Dispersions of Precipitates in specimens
after decarburiging annealing (1/4 Xthick-
ness).
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