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Study of the Method of Controlling the Precipitation Behaviour of
MnS and AIN in Unique Manufacturing Process of Grain Oriented

3% Silicon Steel

Mahito Korzumi, Tuyesi Kikuti, and Seisiré BANDO

Synopsis:

1) The solubility product of AIN in austenite is several times as large as that in ferrite. It is, there—
fore, necessary to make uniform distribution of austenite phase in a steel to secure uniform distribution

of precipitated AIN in the ferrite matrix.

The microstructure of a thin plate casting of 3%, silicon steel is very fine and the distribution of austenite
phase is rather uniform compared with the hot rolled plate of the same steel. -

On the basis of the above findings, an unique manufacturing process of grain oriented silicon steel is
proposed, which makes it possible to eliminate conventional high—temperature slab reheating. By direct
casting of thin plate, the uniform distribution of AIN precipitates can be secured.

2) The precipitation of MnS below the Curie temperature is observed to be smaller in quantity than
that expected from an extrapolation of the precipitation in the higher temperature range.

3) The unique manufacturing process proposed here can greatly save energy consumption comparing

with the conventional process.
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Table 1. Chemical compositions of 39, Si-Steel samples containing

0.016~0.0289, Al. (wt %)
Steel C Si|Mn| P Sol Al|TotalNTotal.C Notes
a 0.050 | 3.14 | 0.096 | 0.003 | 0.024 | 0.016 | 0.0067 | 0.0010
Cast into
b 0.048 | 3.08 | 0.102 | 0.003| 0.026 | 0.025 | 0.0065 | 0.0010 oteel mould
c 0.050 | 289 | 0.096 | 0.003 | 0.026 | 0.028 | 0.0065 | 0.0010
Cast into
d 0.049 | 2.86 | 0.088 | 0.003| 0.027 | 0.020 | 0.0057 | 0.0049 |water cooled
copper mould

Table 2. Chemical compositions of 39, Si-Steel

samples for the study of precipitation
behaviour of MnS.

(wt%)
Steel C | Si| Mn P S [Sol Al[Total. N
b 0.048 | 3.08 | 0.102 | 0.003 | 0.026 | 0.025 | 0.0065
e 0.048 | 287 | 0.089 | 0.002 | 0.024 | 0.028 | 0.0061
f 0.036 | 3.11 | 0.096 | 0.003 | 0.024 | 0.022 | 0.0074
9 0.034 { 288 | 0.090 | 0.002 | 0.025 | 0.017 | 0.0074
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Table 3. Processing from thin plate casting.

1. Melting : In vacuum
Casting : Thin plate casting 5.0 mm thick
(Cast into steel mould or
water cooled copper mould)
3. Scarfing : Both side shaving 0.25 mm thick
4. First-stage cold roll : 4.5 mm—2.2 mm
(5195 reduction)
5. Precipitation anneal : 1 150°C, 850°C;
5 or 10 min
6. Finish cold roll : 2.2 mm—0.3 mm
862, reduction)

7. Decarburization : 850°C X2 min in wet gas
(N, 259%, H, 75%, dew point 30°C)

8. Coating of annealing separator : MgO

9. Final anneal : 1 200°Cx20h in dry H,
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Fig. 1. Equilibrium solubility of Mn and S in solid
state, which is calculated from Wriedt's
equation log [2%Mn] X [2,S]

-10 590
T
MnS in 39 silicon iron.

+4.092 for solubility product of
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Fig. 2. Schematic diagram of furnace assembly for solution and precipitation

treatments.
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Table 4. Procedure for making extraction replicas
of AIN in 39, Si-Fe.

Procedure Details of procedure

Final polishing

for specimen Diamond -paste polishing

No.1 method N2 method
Methanol 100m¢ | (Methyl
lst — stage lodine 05gr acetate 100my¢
A Surface active Bromine 0.2mg
etching reagent  4m¢ |(Surface active
18 ~ 24°C reagent 025m¢
Maximum 18~24°C
15sec Maximum
10 sec

Cleaning and Methanol cleaning

drying Air blowing
Making of Vacuum evaporation of carbon °
carbon replica Thickness of carbon film : about 600 A
(Methanol 100m¢
Surface active reagent 1mye

18~24°C, 2 ~ 5 min
2nd - stage (1) Dip and keep the specimen in the
methanol solution

etchi
ching (2) Add ligquid bromine dropwise and
keep stirring the solution all the
while
Decomposition (Methanol 100 m¢
of MuS Bromine 1 m¢
particle 18~ 24 °C , about 10 min
Final Methanol rinse
cleaning
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Photo. 1. Transmission electron micrographs, show-
ing distribution of fine MnS particle
extracted from the thin plate casting of
39, Si steel containing 0.028 wt% alu~
minium.

(A) As intermediate by annealed at 1150°C for 5 minutes after first cold rolling
(B) As decarburized at 850°C for 2 minutes after final cold rolling

Photo. 2. Transmission electron micrographs, showing distribution of fine MnS particles
extracted from the specimen containing 0.028 wt% aluminium.
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Solution treatment at 1350T
prior to precipitation treatment
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Amount of precipitated MnS (ppm)
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Precipitation heat treatment condition

Fig. 3. Relation between precipitation heat treat-
ment condition and amount of precipitat-
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Fig. 4. Relation between precipitation heat treatment and magnetic property.
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Fig. 5. Relation between heat treatment condi-
tion and content of AIN.
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Table 5. Comparison of solubility products of AIN
in y-iron with AIN q-iron.

Heating (%AL] (%N] Ratio
" K K
temperature K'l* Kz** K;lek* yKa sz
1250TC 1.236X1073 | 3.871x107* | 1.298X10~* | 95 2.9
1150C 5.623X1074 | 1.884X107* | 4.467X107° | 126 4.2
1000C 1.370X107* | 5.186X107° | 6.544X107°% | 20.9 79
—7400
* Fe(y) by DARkEN : log K1=log{ %A %N]= T +1.95
—677
** Fe(y) by LESLIE : log K;=log [%AII%NJ:—GTZ—O+1.033
—10062
#4*% Fe(a) by Iwavama : log vK3=Iog[%Alj[%Nj=———T——+ 2.72
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Steel a Steel b Steel ¢
Photo. 3. Optical microstructure observed on cross section of the thin plate castings

of 3% Si-steel containing aluminium.
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Fig. 6. Comparison of various distribution types of heterogeneous phase.
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L, A Steel a, B: Steél b, C: Steel ¢
Phato. 4. Optical microstructure of thin plate
castings, which were annealed at 850°

C for 5 min.
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A : Steel a, B: Steel b, C: Steel ¢

Photo. 5. Optical microstructure of thin plate cast-
ings which were annealed at 1 150°C
for 5 min.
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(A) corresponds to Fig. 4

intermediate by annealed at 1150°C. Observed in steel ¢

(B) corresponds to Fig. 4 @

intermediate by annealed at 850°C. Observed in steel ¢

(C) corresponds to Fig. 4 @

intermediate by annealed at 850°C. Observed in steel a
Photo. 6. Transmission electron micrographs, showing distribution of fine AIN particle
extracted from the specimens decarburized at 850°C.
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Fig. 7. Solubility of Al and N calculated by the
equation log [9,Al] X [9%N]
___T2272 for AIN, and contents of
[2All, [%N] in samples.
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