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Morphology Changes of Manganese Sulphide Inclusions in the
Manufacturing Process of Grain Oriented 3% Silicon Steel Strip

Mahito Korzumi, Tuyosi KiKUTI, and Seisiré BANDO

Synopsis:

Until recently, conventional grain oriented silicon steel strip was made exclusively from ingots. In
conventional procedures, reheating to exceedingly high temperature is necessary to assure solution of

MnS in the slab prior to hot rolling.

In this paper, therefore, the authors investigated the morphology changes of MnS in the manufa-
cturing process without being reheated in exceedingly high temperature for solution treatment. It was
found out that the MnS inclusions were broken into small particles, or deformed and recrystalized
into small crystals. On the other hand, the temperature at which all the manganese sulphide was
dissolved depended on the product of the concentrations of sulphur and manganese in solution in the

394, silicon steel.
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Table 1. Outline of manufacturing process for grain oriented 39 silicon steel strips.
(Two stage method of cold rolling separated by anneal)

Steel making-[-Ingot making=—Slab

Continuous casting

—Hot rolling—=First stage —Intermediate —=Second stage
anneal

cold rolling

ii]—-Reheating and solution e——

treatment
for slab at 1350°C
(2007300mm in thickness)

cold rolling

(0.75mm thick)
850°C,

—Decarburizing anneal
(0.370.35mm thick)
850°C, b5min

Primary Recrystalization

Smin

—Coating with MgO ——Box anneal in coil form at 1200°C, 20 hours

Secondary Recrystalization

Purification
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Table 3. Experimental procedure for steel No. 1.

Manufacturing process and treatment conditions

1.

(&)

10.

11.
12.

Melting and casting :

Vac melting, 10 kg small ingot
Forging : 1000°C in H, gas
Pealing and sizing : 20 mm¢ X 80 mm
Remelting:

Controled cooling rate-.---- Sampling
Forging :

1000°C, plate 10 mm thick:---.- Sampling
Hot rolling: 950°C in Ar gas

10 mm—20 mmthick:----. Sampling

First stage cold rolling :

2.0mm—0.6mm (70%)
Intermediate anneal :

850°C x 3 min, in Ar gas
Second stage cold rolling :

0.6mm x0.3 (509;)
Decarburization :

800°C x3min, in Air--.-.. Sampling
MgO coating : Separator only
Final anneal :

1150°C x4 hours in dry H, gas

Table 2. Chemical composition of sample, which had been molten and slow cooled in the

experimental furnace (wt%).

;}gd ol Si Mn P S Sol. Al T. N T. O
1 0.0069 2.93 0.072 0.003 0.020 Tr <0.001 0.003
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Peep Hole

Feeder for Alloying Element
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Thermo -Couple

Fig. 1. Schematic diagram of melting and
controled cooling furnace assembly.

Steel 2
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Fig. 2. Comparison of cooling curves of Steel 1
for ingot simulation with Steel 2 for
strand casting slab simulation. A cooling
curve calculated by Mizikar for a plain
steel of strand casting slab is also shown
as a reference.
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2:1.2 HmHEAS 7O BHEEY v v—L L
TR

%él

KRBIREIT 5 Ted, AR ORI Steel No. 1
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Table 5. Experimental procedure for steel No. 2.

Manufacturing process and treatment conditions
1. Melting : Air melting
2. CQCasting : Gast slabs, 200 mm in thickness
3. Dividing into smaller slabs...... sampling
No. 1 Slab consisting of columnar grains
No. 2 Slab consisting of equiaxed grains
4. Hot rolling:----- Sampling
Prerolling : Reheating 1250°C x 20 min
Rolling reduction
50 mm—>7 mm (86%)
Finish rolling : Reheating 1 250°C x 10 min
Rolling reduction

7mm—>2.3mm (67%)
5. First stage cold rolling :

2.3mm—0.75mm (67%)
6. Intermediate strip anneal :
850°C x5 min, in dry H,
7. Second stage cold rolling :
0.75 mm->0.35mm (53%)
8. Decarburizing anneal :
830°C x5 min, in Ar gas
(D. P+30°C)----- Sampling
9. Coating : Coat with MgO
10. Final anneal : 1 170°C x 15 min in dry H,

Table 4. Chemical composition of samples, which had been cast into slabs with thickness

200 mm for simulation of continuous casting (wWt%).

%ﬁl c Si Mn P S Sol. Al ‘ T. O
2 0.0420 3.04 0.050 0.003 0.019 0.013 \ 0.0020
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TR EHBGE D, FhgRT 7ORMENTHI BT
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Fig. 3. Natural electrode potentials (SCE) of pure
iron and manganese sulfide in various test
solutions.

w5 Fe 1k % —0.760V (S. C. E) 2 LIEHA A
F b, MnS 3 Fe T EHETHOT, BBEMN
—0.31V (S. C. E) LU P CEBMEEIT 2 X v, BETl
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Table 6. Experimental procedure for making extraction replicas of MnS in 3% Si-Fe.

1 st etch

removal

Preparation for MnS particles

2 nd etch
A method to free the carbon
replicas from specimen

Composition| KBr

) of solution K|
Optimum

condition of
electrolytes PH: 7

Sodium citrate

Distilled water

10gr 10 gr

10gr Composition) KBr 10 gr

5gr of solution Ki 5gr
Distilled water

1000cc X 1600 cc

Sodium citrate

PH 1 7

used Ar gas babble stirring Ar gas babble stirring
Remove the specimen from
Durability : Total 60 min electrolyte distilied water,
( or 30 samples) when the carbon films changed
colour from brown to grey
Electric current Electric current
Optimum density : 2 ~ 3mA_ cm? density : 30~ 40mA cm?
electrolytic | Power source : 1~ 07Volt Power source + 1~ 07Volt
condition Treatment time : 70~ 100sec Treatment time : 100~ 150sec
Solution Temp. : 18~22°C Solution Temp. : 18 ~ 22°C
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T I BULrBEHhi\ Wz &ic/s,. Table 2 iR L
Steel No. 1 ©oEM% Fig. 1 olFf¢ Fig. 2 0 X5
A v=y P OBHIEEY > I o v— b LTCERE, 5%
VA MnS (3 Photo. 1, Photo. 2 D X 5 Th
%. Steel No. 1 3EAZEDEVEEIT, MnS 133 & A
ESAFOME MnS T, BEIRTHWAL00b5
3 1y it O M WERNR © 4 023 %\ . Photo. 2-B

Photo. 1. Optical micrographs of typical shape
MnS inclusions in a slow cooled 394,Si-
steel ingot (Unetched specimen).
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Fig. 4. Equilibrium relationship between Mn and
S in liquid or solid state 39;,Si-Steel.
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Photo. 2. Transmission electron micrographs, showing distribution and shape of fine MnS
inclusions extracted from the slow solidified specimen.
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FEOEITEAE SRS VLD, 1 vy MHAN
T, 2 7ghELGH IR TV 5. Photo. 3-A X No.
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b, —HEHEEOR S BVWHLEIE I LE0 %
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(A) Optical micrograph, as cast specimen
(B) Electron micrograph, as cast specimen
(C)~(F) Electron micrographs, as annealed for 1h at

1150°G(C), 1200°C(D),

1250°C(E), 1350°C(F).

Photo. 3. Relation between annealing temperature and morphology of MnS inclusions in
the No. 1 cast specimen consisting of columnar grains.
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(A):ascast, (B):1300C, 1h

Photo. 4. Effect of annealing condition on the
morphology of MnS inclusions in the
No. 2 specimen.
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T 1350°C < DIBEF C LT iEs bigwv.. &
L5 e SR EC AR T 5 RXATR o LivrMans 23358 L
TWBEOCEEEDEEDAT 7 OREIITE LLKE
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B EDbns. HHAEMRTLEREALERLTHS. L

LOERNOEL D L, BB A X7 MnS 24
ToHgEA 5 7% Preroll ‘375 & L in g0 ¥ Findhd
% & 3G LDER Y M b o oER g Lisit
E B3, 4 vay bbb Y x5 7 X
T, MnS OEEADIDRILI LARFITH D, 135
BT MBI 4 ROME&D Ly MnS 237-2< X
ABELTHWHREL0b 5T, £2FHTES, 2o
FEHIMBELCHRMEZ TS, L CEIRBDEE
RITH OB MnS BE DR GARFTOWMAYNH Y, F
DF FHLRE E LBARIE, RERLE O MnS B
FORRETELD, BEAFECHDThoOREE E
BT ENELLRS., 20X EERCLER L v
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M. BARSONIZY L OFES H D, FOBBTIIhELEL
DEIBALBE IR O OF S 3 BRI Eiis 5.
ROTHEEER S 7 ORERITH DO MnS 13520 EEE X
B &b XL, REACHEELE LThELST W
BECHEMELT, 2EXETRHII WEEL B L
MTES.
3.2 MWETRICHITS MnS OFEEDEIL

8:2.1 g vay, VEHBEENETSES

EM OR#AM 57D Table 1 @ X 5 7B 0Bl

Annealing time : 30 minutes
Annealing temp. : A) As cast, B) 950°C, C) 1100°CG, D) 1150°C,
E) 1200°C, F) 1250°C, G) 1300°C, H) 1350°C
‘Clolumnar interior grain region (Structure of cross section
transverse to the long axis of columnar grains)

Photo. :5. Macro structure shows that reheating the cast slab directly to 1350°C caused

abnomal grain growth.
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(A) As forged at 1000°C

(B) As hot rolled at 950°C, atter forging
(C) As intermediate annealed at 850°C prior to final cold rolling
(D) As decarburized at 800°C for 3 minutes after final cold rolling

Photo. 6. Transmission electron micrographs showing distribution of fine Mn$S particles
extracted from the specimens at various stages of processing.
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A, B :The specimen made from No. 1 casting consisting
of columnar interior grains
G, D : The specimen made from No. 2 casting

Photo. 7. Transmission electron micrographs, show-
ing distribution of MnS inclusions extra-
cted from the specimen, which had been
hot rolled at 1250°C after casting.
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9 020
—p 2929 (1200~1350°C) % i\ BYEBED

1200°C w2\ CHE$ 5 & Ko (7) =0.000638 & 7c b,
a FHC 2Tk Wriept & Hu o b K(a) =

oommgfﬁéﬁaKf?—OS&kbmmﬁﬁoa

-7 ARECH s MnS OBMERIL &< D, MnS
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A, B : The specimen made from No. | casting consisting
of columnar interior grains
C, D : The specimen made from No. 2 casting

Photo. 8. Transmission electron micrographs, show-
ing distribution of MnS inclusions extra—
cted from the specimen hot rolled at
1 250°C, intermediate annealed at 850°C
and decarburized at 830°C.
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