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“In-situ” Observation of Phase Transformation and MnS Precipitation in Fe—Si Alloys

Hajime HASEGAWA, Keiji NAKAJIMA and Shozo MIZOGUCHI

Synopsis : “In-situ” observation of MnS precipitation in Fe—Si alloys was made on cooling using a confocal scanning laser microscope. The phase trans-

formation during cooling in low Si alloys (less than 2.0 mass% Si) was from & phase via ¥ phase to ¢ phase, but that in high Si alloys (more

than 3.0 mass% Si) was from & phase to 6+ phase. The MnS precipitation in low Si alloys occurred in two steps but in high Si alloys in one

step. In low Si alloys some large MnS precipitates appeared in high temperature by the solute pile up, and many small MnS precipitates ap-

peared in low temperature by the change of the solubility due to phase transformation. In high Si alloys, in which 6 phase and y phase were

present at the same time, most MnS precipitate in § phase according to the high supersaturation of Mn and S in comparison with ¥ phase.

The precipitates in & phase grew fast, but those in y phase grew very slowly, since the diffusion coefficients of Mn and S in ¥ phase are much

smaller than those in & phase.
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Table 1. Chemical composition of samples (mass%).

C|[Si|Mn| S Al Ti T.0
SampleA [0.15|1.910.38 |0.014 | <0.002| <0.002 | 0.0009
SampleB [0.16 2.93 | 0.36 | 0.014 | <0.002 | <0.002 | 0.0012
SampleC [0.12|3.470.39 | 0.024 | <0.002 | <0.002 | 0.0011
SampleD [0.16 | 4.49 | 0.40 | 0.014 | <0.002 | <0.002 | 0.0023
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Fig. 1. Drawing of confocal scanning laser microscope
(CSLM) with infrared image furnace.
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Fig. 4. Comparison between “in-situ” observation and Si
distribution from CMA data on Sample C.
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Fig. 5. Relation between temperature and y phase ratio
from ““in-situ” observation.
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Fig. 6. Relation between temperature and total number of
precipitates.
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Table 2. Classification of precipitates according to the
shape, specimen and location.

(1) Type by Sims®

(1-1) Type(l) : spherical,
(1-2) Type(II) : colony,
(1-3) Type(III) : polygonal

(2) Sample(Phase transformation)

(2-1) Low Si: 2% (Complete d/y transformation)
(2-2) High Si: 23% (Incomplete d/y transformation)

(3) Location of MnS
(3-1) in & phase,
(3-2) iny phase,
(3-3) in a phase,
(3-4) at d/y interface,
(3-5) in & phase surrounded by y phase
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Fig. 7. Ilustration and actual images of each type of pre-
cipitates in low Si alloys.
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Fig. 8. Illustration and actual images of each type of pre-
cipitates in high Si alloys.
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Fig. 11. Temperature dependency of the size of Type (I)
precipitates, (a): in low Si alloys, (b): in high Si
alloys.
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Table 3. Distribution coefficient and diffusion coefficient
used for calculation.

Element| | kv/® D¥cm?/s) DY(cm?/s)
Si 0.68 8.0exp(-59500/RT) 0.30exp(-60100/RT)
Mn 1.03 | 0.76exp(-53640/RT) | 0.055exp(-59600/RT)
S 0.70 | 4.56exp(-51300/RT) | 2.4exp(-53400/RT)
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B SHDOE B yHICHANTIHY ERELS H->TED, Z
D-DIZBRIZHB T EMISOREERBIZENELCED
LELZOLND,

5 &8

MnS xS B 6y, y/aZEREDHEIZ DOV TEFFMICH
HTBZLAHBNEL, FeSiAdE#HWT, MnSOHTH
284 (205 BR L, HEREHE MaSHIHZEH D
B A FNRLER, DTOZ &R

(1) HESLV-F-SAMEEHVI I LIZKD, dy,
y/aNERE & B ICBISR T X 7=,

(2) SIyERENET T8 (KSidd) & o/yEEHN
SETLEVRK (FESid$) T, MaSHHiZEHHIIKE <
B 5T\, BiEE, 1604K 55 1519K TMnS MHTH L
7o, XHIZIREMNET L2 135K EA & U MnS 28
T30S, 2BBotiEg R Lz, —F, &BE
1% 1280~1350K 7 & MnS A 2BUZ M 3 L5, 1 BFE
OFTHE# 2R L 7=,

(3) &KSiA&Eizh\nTid, BRETIESHENDSDR
BIZXDERTBERIK, 10umBEDO MnS B LML,
KR T3 1 um LT O 2 MnS 23 S B i 4 5

(4) BESIAETIE, MnSOH# A XiE5~10umfRETH
D, FLLTSHICHH L, LIZHyHEREFEIZB N,
Z#id, Mn, SOBEAAFME DS S/yBRATREAE L, X
T6M, yHOIEEIZA > TWB0EELLIS,

(5) MnSOEKEIZBIL Ty MIZHARSHD A,
ZhiZ SHIZH T 3 Mn, SOILEFRES yHIZIRT 1M
UERKZENWZDEEIONS,

AMEDEMIZH 72D, CMAGHEFIERZ T Tz i
WS HARE (Bk) UM RESRICR# 2 L £ 7
¥ 72, FEO—BEIFFEMREMIESH LU 1) BHX
BB 2SS R IREB K, & 5 CITH HARRE () ,
FEREBITXE () »50REFHEIZL->TiTbh/zZ
LERLL, B#HHBL ETET,
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