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Influence of Sulfur Content and Deformation Temperature on Precipitation Behavior of MnS in 3% Si Steel

Toshito TAKAMIYA, Takashi OBARA, Mineo MURAKI and Michiro KOMATSUBARA

Synopsis

: The precipitation behavior of MnS in 3% Si steel was investigated for understanding the metallurgical sequence of precipitation during hot

rolling process in 3% Si steel. Precipitation was strongly accelerated by supercooling prior to aging or deformation even at high tempera-

tures. Relatively large and inhomogeneously dispersed MnS precipitates were observed on subgrain boundaries and dislocations at higher

temperatures. Fine and dense dispersed Mn$ precipitates were observed in the specimen deformed at lower temperatures. These fine precipi-

tates were not always observed on dislocations. The precipitation behavior was strongly affected by S content. An increase in S content pro-

moted fine precipitation. The precipitation rate estimated from classical nucleation model agreed with results at region of fine and dense pre-

cipitation.

Key words : MnS precipitation; thermo-mechanical process; grain oriented silicon steel; 3% Si steel.
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Table 1. Chemical compositions of the steels for MnS pre-
cipitation test (mass%).

C Si Mn S P Al
Steel A 0.001 3.06 0.066 0.026 0.002 0.001
Steel B 0.002 3.06 0.068 0.018 0.001 0.002
Steel C | 0001 | 306 | 0065 | 0008 | 0.001 [ 0.002
Solution Solution Solution
Treatment Treatment Treatment
1623K,600s 1623K,600s 1623K,600s

Deformation
Strain:0.69
Strain rate:1.38S™

without
deformation

without
deformation

“heat cycle A heat cycle B heat cycle C

Fig. 1. Schematic diagrams of thermo-mechanical treat-
ments.

Fig. 2. SEM observations of MnS precipitates in the steel
B showing the effect of quenching prior to aging at
1273K for 60s. ((a) Heat cycle A, (b) heat cycle
B)

5L L ISR & P 2 > 72, Fig 412, #iB
% TEM TBIER L 72fl &R ¥, A LRRICERAITIEIR
B— IR T —Isiih LT3, -8B T L
TWwaMnSid, FICEM ES L IFHERER BB LT
W3, =%, ZhEeEB2 D EEATEHE S h -k
MnS D #r H3G AT 13857 b & GRS & A 5 72, D TFig.

519 I



S 520

$k &8 Tetsu-to-Hagané Vol 89 (2003) No. 5

1273K

1173 K

Fig. 5. Effect of S content on MnS precipitation in (a) the
steel B and (b) the steel C deformed 1073K and
held at 1073K for 60s.

Fig. 3. SEM observations of MnS precipitates in the steel
A deformed at various temperature and held at the
temperature for 60s.

. . .. . Fig. 6. Effect of S content on MnS precipitation in (a) the
Fig. 4. r]gEé\gfggizrgzttm(gf ?{%ﬁsaggec(:g;ltf 6?753112 ;?fj ;t:le (} steel A and (b) the steel B deformed at 1173K and
at the temperature for 60s. held at 1173K for 60s.
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Fig. 7. Schematic illustration showing the effect of S con-
tent and deformation temperature on the dispersion
of MnS.
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Fig. 8. Density of active nucleation sites per unit volume
calculated from deformation stresses at various
temperatures.
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Fig. 9. Chemical free energy change for MnS precipitation

in 3% Si steel studied at various temperatures.
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10. Nucleation rate of MnS in 3% Si steel at various
temperatures.
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Table 2. Chemical compositions of the steel (mass%).

C Si
0033 | 308

Mn S P Al N [¢]
0069 | 0018 [ 0001 0.002 | 0.0015 0.0020

Table 3. Experimental procedures.

(1) Melting:meltimg in vacuum furnace,~50 kg ingots.

(2) Slab making:1473K-30min,—50mm(t)

(3) Machining: Tmm(t)

(4) Solution treatment:1693K-10min

(6) Hot rolling: Tmm—35mm at 1373K,1323K and 1273K respectively

(6) Cold rolling: 35mm—0.35mm

(7) Recrystallization annealing : in atmosphere of 50 vol%H2 + 50 vol%N2
Dew point 333K, 1103K-150s
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Fig. 11. Effect of hot rolling temperature on MnS precipi-
tation in the primary recrystallized sheet. (Hot
rolled at (a) 1373K, (b) 1323K and (c) 1273K.)
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