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The Growth of MnS Precipitates in Fe—Si Alloys

Hajime HASEGAWA, Keijji NAKAJIMA and Shozo MIZOGUCHI

Synopsis : “In-situ” observation of the growth of MnS precipitates in Fe-Si alloys was made on cooling using a confocal scanning laser microscope.

The MnS precipitates in 8 phase grew fast, but those in y phase grew slowly. Two calculation models for the growth of MnS precipitates
were compared each other. One is “diffusion controlled” model, and the other is “Ostwald ripening” model. In this case, MnS precipitates ap-
peared in solid iron supersaturated with Mn and S, so the growth of MnS precipitates would be represented by “diffusion controlled” model.

The “diffusion controlled” model was combined with the diffusion and redistribution model of solute elements during the phase transforma-

tion in Fe-Si alloy. If the coefficients of volume diffusion were used for calculation, the size of MnS precipitates by calculation model was

much smaller than that by “in-situ” observation. It would be because of the effects of the short circuit diffusion, especially the surface diffu-

sion. So the calculation model was arranged to consider both the surface diffusion and the volume diffusion. The calculation results became

agree with the observation results. The size of MnS precipitates was measured in surface area and bulk area, and that in surface area was

larger than in bulk area. This fact suggests that the surface diffusion is effective.

Key words : MnS precipitates; laser microscope; “in-situ” observation; Fe-Si alloy; diffusion controlled growth; Ostwald ripening; surface diffusion.
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Table 1. Chemical composition of samples (mass%).

C Si Mn P S tAl O
0.12 3.47 0.39 0.002 0.024 <0.002 0.0011
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Fig. 1. The change of diameter of MnS precipitates in Fe—
3.5mass%Si alloy by “in-situ” observation.
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Fig. 2. Schematic drawing of distributions of concentra-
tion of solute elements during diffusion controlled
growth.
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Fig. 3. Schematic drawing of distributions of concentra-
tion of solute elements during Ostwald ripening.
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Fig. 4. Schematic drawing of calculation model of diffu-
sion controlled growth.
(a) Dividing area around MnS by spherical ele-
ments.
(b) Schematic drawing of distributions of Mn and
S concentrations around MnS.
(c) Change in concentration product of Mn and S.
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Table 2. Parameter values for calculation model.

& phase y phase
Temperature : T (K) 1350 1350
Gas constant : R (J/molK) 8.31 8.31
Distance between each node : Ar (um) 5.0 5.0
Distance of Mn$ precipitates (m) 100 100
Conc. of Mn : Cyy, ; (mass%) 0.4 0.4
Conc. of 8 : Cy (mass%) 0.015 0.015

Diffusion coef. of Mn : D), (cm?/s) 19 0.76exp(-53640/RT)
Diffusion coef. of S : Dg (cm?/s) 1 4.56exp(-51300/RT)
Equilibrium solubility products -10590/7+4.2489
of MnS : K, (mass%?) 2021)

0.055exp(-59600/RT)
2.4exp(-53400/RT)
-9090/T+2.929
~(-215/T+0.097)[%Mn]
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Fig. 5. Changes of diameter of MnS precipitates by calcu-
lation model.
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Fig. 6. Comparison of self diffusion coefficients of BCC
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Fig. 7. Comparison of self diffusion coefficients of FCC
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Fig. 8. Schematic drawing of calculation model of diffu-
sion controlled growth considering surface and vol-
ume diffusion.

(a) An outline, (b) a cross section of dividing area.
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lation model considering surface and volume diffu-
sion.
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Table 3. Condition of the measurement with CMA.

Analysis spot size 2 um
Analysis area 1 mm?
Integration time 50 msec
Acceleration voltage 15 kV
Probe current 1 uA
Elements Si, Mn, S
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Fig. 10. Distribution of diameter of MnS precipitates in
surface area and bulk area by CMA analysis.
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EWTROEEN S 12D EELILEND,

(5) #22°7T, EHILHMEEEL -MnSKRET L&
HL, HEXRTH--LTA, REFHOHERLRE [Z0D
B BEERARL L,

(6) Z=MEEWNEBO MaSHT IO Y 4 X & KT 5 &,
EFHEIOHNKREL KoTHY, 2O enb LEM
WBOBEBIEBHTELIWEEALONS,

AHROERIZH 7D, CMADT B EZIT T
W B HARYE (B JURRINFESICR#H LT,
¥ 72, AEO—EZ (k) BASERG ST Rk AR

21

Fe-Si 242 1T 5 MnSHT IO B R EEE)

B, LOISHBAREE (), EREBLE ) 250
BEeENEIckoTirbhizZ kil L, B#HPL LT
LK
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