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Effect of Al Content on Secondary Recrystallization of Ultra-low Carbon 2.2945i-1.5%Mn Steel
Hiroyoshi Y asuiki and Teruo Kanexo

Synopsis :

The effect of Al contents ranging from 0.002% to 0.025% on secondary recrystallization behavior of ultra-low carbon

2.29%Si-1.5%Mn steels was investigated. The secondary recrystallization at relatively low annealing temperature of
1148K was achieved only in the steel with 0.0079% sol.Al. The development of Goss texture was affected by annealing
atmosphere, and the Goss texture as same as that of conventional grain oriented electrical steels was obtained by

annealing in N, containing atmosphere.

The Goss texture of 0.007% sol.Al steel would be developed due to the

optimum inhibitor effect of fine (Al,Si,Mn) nitrides whose crystal structure was similar to AIN.
Key words : secondary recrystallization ; electrical steel; Goss texture ; inhibitor ; precipitate.
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Table 1. Chemical composition of test materials

(mass%) .

Steel C Si Mn P S sol.Al N
A 0.0016 2.18 1.51 0.013 0.005 0.002 0.0039
B 0.0018 2.17 1.51 0.013 0.005 0.007 0.0050
C 0.0013 2.22 1.51 0.013 0.006 0.025 0.0054
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Table 2. Processing conditions from hot rolling to
secondary annealing.

(1)Hot rolling : 22—2.3mm in thickness
{Slab reheating> 1523KX1h
{Finishing temp.>1093K <Coiling temp.>773K
(2)Pickling
( 3)Hot-band annealing : 1148KX5min
(4)Pickling
(5)Cold rolling : 2.3—0.35mm in thickness
(6 )Primary annealing : 1148KX1min
(7)Al,0; coating
(8)Secondary annealing : <Heating>40K/h
{Soaking>1148Kx48h <Cooling>Furnace cooling
{Atmosphere>(a )Ar (b)75vol%N,+25vol%H,
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~-¢———— Rolling direction

Steel A b),b’) Steel B ¢), ¢’) Steel C
, ¢) Annealing in Ar
, ¢’) Annealing in 75vol%N,+25vol%H,

Fig. 1. Macrostructures after secondary annealing
at 1148K for 48h.
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Fig. 2. Magnetic induction Bg after secondary an-
nealing at 1148K for 48h.
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Fig. 3. {100} pole figure of Steel B after secondary
annealing at 1148K for 48h in 75vol9%N,+
25vol% H,.
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1 : After primary annealing
11 : After heating to 1148K in secondary annealing
111 : After holding at 1148K for 48h in secondary annealing
Fig. 4. Changes in average grain size at each annea-
ling stage.

81

RIS 2.2%S1-1. 5% MndD 2 KFEFE S R TAFMEORE 661 I

Steel A

o.® Total N
O,.® N as nitride

Steel B Steel C

Annealing in
75vol%N2
+25vol%H2

200}

—_

w

=)
T

100

Total N, N as nitride (mass% X 10%)
@
-+

~ o™

S
NN
I & :6‘1119 I I 1 1

I !
I 11 111 1 11 11 1 Il m
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I : After primary annealing
11 : After heating to 1148K in secondary annealing
111 : After holding at 1148K for 48h in secondary annealing

Fig. 5. Changes in total N and N as nitride at each
annealing stage.
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A), a), a’) Steel A B), b),b’) Steel B C), c), ¢’) Steel C
A), B), C) After primary annealing

a) b). c) After secondary annealing in Ar

a’), b’), ¢’) After secondary annealing in 75vol%N,+25vol%H.,

Fig. 6. Dispersion of precipitates after primary an-
nealing and heating to 1148K in secondary
annealing.

Table 3. Identification of precipitates after heating
to 1148K in secondary annealing.

Steel A B C
Atmosphere X ’ Y| X ‘ Y X ‘ Y
Crystal structure | MnSiN, Similar to AIN
Chemical composition| (Si,Mn) | (ALSi,Mn) [Al or (ALSi)| (ALSi,Mn)

X : Annealing in Ar Y : Annealing in 75vol%N,+25vol%H.,

, c), d) Steel A
Bright field image
Electron diffraction pattern
Crystal index

Chemical composition by EDX

e), f), g), h) Steel B

Fig. 7. Typical precipitates after heating to 1148K
in secondary annealing in 75vol9%N,+
25vol% H,.
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Fig. 8. Effects of Al content and secondary annea-

ling atmosphere on nitride precipitation
?fter heating to 1148K in secondary annea-
ing.
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