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Effect of Condition of Hot-band Annealing on Secondary Recrystallization
of Sn Added Grain-oriented Electrical Steel

Shozaburo NAKASHIMA, Kunihide TAKASHIMA and Jirou HARASE

Synopsis :

A study was made on the effect of the cooling condition in hot-band annealing on the secondary recrystal-
lization of the grain-oriented electrical steel produced by use of MnS and AIN as inhibitors with additional
Sn. The following conclusions were obtained.

In the specimen without Sn, perfect secondary recrystallization was observed under the cases of air cool-
ing and quenching in boiling water, and no secondary recrystallization under quenching in water. The
failure of secondary recrystallization under quenching in water is attributed to the small amount of the pro-
duct of {110} pole density and {111} pole density, that is, presumably, the small opportunity of meeting of
Goss nuclei with easily consumable grains. In the specimen with Sn, perfect secondary recrystallization
was obserbed in the all cases of cooling conditions mentioned above. The following factors are considered
to be the reason why the secondary recrystallization occurs more easily in case of Sn addition; the small
size of primary grains, the large amount of the product of {110} pole density and {111} pole density in the
primary texture, the large amount of MnS and AIN, and, the fine and uniform dispersion of precipitates af-
ter decarburizing annealing.

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

recrystallization ; hot-band annealing; cooling condition : tin addition.
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Table 1. Experimental procedures.

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

(2) Slab making : 1 250°C X 60 min, — 40 mm(t).

(3) Hot rolling : <Slab heating>> 1 350°C X 90 min.
<Rolling™> 40 mm(t)—~2.3 mm(t). < Cooling>> 1100°C—550°C
by showering in 5s, 550°C—RT by natural cooling in air.

(4) Hot-band annealing : <Annealing>> 1 120°C X 120s.
<Cooling™>(a)Natural cooling in air, (b) Quenchmg in 100°C wa-
ter, (¢) Quenching in 23°C water.

(5) Cold rolling:2.3mm (t) — 0.285mm (t), inter-pass aging ;
250°C X 10 min X 5 times ( After reduced equivalently in ratio).

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

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

(8) Final annealing : <Heating™> 85 vol%H; + 15 vol%Ns, 15°C/h
<Soaking>> Ha, 1200°C X 20 h.

(9) Sizing for SST : =60 mm(w) X 200 mm(1).

(10) Stress-relief annealing : 850°C X 4 h.
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(measured at 10 midthickness points on longitudinal
section and averaged).
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Fig. 2. Pole densities for specimens after cold
rolling (1/4 X thickness).
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Fig. 3. Average sizes of recrystallized grains for
specimens after decarburizing annealing (measured
in longitudinal section by image analysis method).
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Photo. 1. Dispersions of precipitates in specimens

after hot rolling and after decarburizing annealing
(1/4 X thickness).
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Fig. 4. Pole densities for specimens after decar-
burizing annealing (1/4 X thickness).

Barisoni 5B X WEE LYWL L, A DOIBELIC
11} 2@+ 52 &, BHHYBLUEZESDOHE
&, ehEh, EPOBEMNTSH S, Bk, BEEHEE
BROBEIZED AIN O HES WA L, 2D 7% |554]
VYT HEELELTBY, B#512, AIN OHHE
DELIZ b ST, BEicXy (111} ELT B &
WELTWA,

<Sn A >

Sn HERMAIZEE~, {110) 2% <, (100} 252 %4
<, 111 i, ZBEBILUEBEGETLLL, KETEW,
WHIEE & OBRICO VT, {110] AKEOBSIIE
b SHE Sn BRI & FIZRBE QM % R
Fig. 512, Fig. 4 2875 {110} WEE & {111}
BERDOBOMEERY. O Sn WiFSmM 12~
Sn MM TEMBRICKE V., AHSGICEL T, B8
TROLBKEL, KETRS/AIE W, %8B, Fig 4, Fig
SIBULHEBERN L 0EAMBOER I, £OHE
DMELDBEEFEZRB L CHEDOND LD TH S,
3-5 Y

Fig. 6 {2, BUERR S L OBLRFESEZIZB 175 MnS &
%RY. Sn SR IHA Sn iRIIM T, S8R,
MnS &A% V. Sn G Tid, ZUER & BRI
D MnS BDED/NE VAL, Sn IRIIA Tid, BEELIC
HWABERBESI% O MnS B4 L <ML T 5. 2L
WBESLTE DHHISME L MnS & & OBIMR I BFE T4 o,
Fig. 712, 112835 AIN E%R¢. Sn #ER

. /A

= / \\

= / \

= / \

= / \

=5 10f / \

=2 /

2 = / \\

Sx & \

o~ \

¥ \

== b

=%

3=

2% o5

o3

ol

O Specimen A
A Specimen B (with Sp)

Condition 4
of cooling Cooled ?;e;gg‘z (iQr-.:eanshed
in hot-band in air At § ©
annealing water water

Fig. 5. Products of ND pole density of {110}
and that of {111} for specimens after decarbu-
rizing annealing (1/4 X thickness).
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Fig. 6. Contents of MnS in specimens after hot
rolling and after decarburizing annealing.
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Photo. 2. Macrostructures of specimens after final annealing.
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stress-relief annealing.
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