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Analysis of the Rate of Crystallization and Precipitation of MnS in the Re-
sulphurized Free-cutting Steel

Yoshiyuki UESHIMA, Kohichi ISOBE, Shozo MIZOGUCHI,
Hirobumi MAEDE and Hiroyuki KaJioka

Synopsis:

It is necessary to investigate the behavior of MnS formation on the solidification of steel quantitatively,
in order to improve machinability of resulphurized free-cutting steel. From this viewpoint, a mathematical
model analyzing MnS formation on the solidification of steel was developed on the basis of the method for
analyzing interdendritic microsegregation. Furthermore, analysis by this mathematical model and directional
solidification tests were carried out to investigate this behavior and the effect of cooling rate on it.

The results are as follows:

1) The MnS particles in the low carbon resulphurized free-cutting steel are formed by crystallization and
precipitation on cooling.

2) The rate of crystallization of MnS is regulated by the diffusion rate of solute Mn from center of de-
ndrite to interdendrite region.

3) The rate of precipitation of MnS is regulated by the diffusion rate of solute Mn in the region of the
order of several um from the surface of precipitating MnS.

4) The amount of MnS is effectively increased by increase of Mn content and decrease of cooling rate on
solidification.

Key words: resulphurized free-cutting steel; manganese sulfide; crystallization; precipitation; mathematical
model; directional solidification.
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THE LAST PART OF
SOLIDIFICATION

Fig. 1. Schematic drawings of the longitudinal
and transverse cross sections of dendrites.
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Fig. 2. Schematic drawing of solute distribution
on the transverse cross section of dendrites.
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Fig. 4. Dividing area around MnS by spherical
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Fig. 5. Schematic drawing of distributions of Mn
and S concentrations around MnS.
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Fig. 7. Change in the calculated
amount of MnS on cooling.
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Fig. 8. Calculated distributions of (a) MnS and (b) so-

lute Mn and S in dendrites on cooling to 1 300°C.
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Fig. 9. Calculated distributions of solute Mn and
S around MnS on cooling to 1 300°C.
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Fig. 10. Effect of cooling rate on distributions of
solute Mn and S in dendrites on cooling to 1 300°C.
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1.5
1.2t

0.9
0.6
0.3+ | .
L (a) 1467C, 5.4C /min
1.5 _———
I Crystallized
1.2f MnS‘II

0.9

0.6 %i

0.37'(b) 1449C )
[ ,5:4C/min L4 Y

Mn (%)

TERY

Mn (%)

Precipitated

Mn (%)

Mn (%)

Mn (%)

9 %% 1

0.0 (e) 1250C, 54°C /min L IXI'X’
0.0 0.2 0.4 0.6 0.8 1.0

X orY DISTANCE (mm) X or Y’

Fig. 14. Distribution of solute Mn on the trans-
verse cross section of dendrites.

Dk dXBEEHNEEZOBIEINEKRT BDO b
L. & 512, EE Mn 5B VWEEICIGZL L CHEET S
MnS DOHTH 25582 % 5 1 (Photo. 2a), & A& W
Photo. 2b, ¢ TiZZ D EFIC Mn DFEABRHEE S h
5.

3:2:2 MnS DR EE

WHF O MnS A EZILORIEHR % Fig. 11 (2R
F. MnS AR ERERERT E b IHEML,
1400°C T—Elh b, ORI, Fig 7 OFtEER
EEWMIC—FTAH. 727L, MnS OAEKEICRITT
HHEE OB, HEAREEBEETIEZ Y. S,
S EVEE DY T B EM ML L, S OB
BRI THEDEFEIONS.

HHIF D MnS OFIRFENEIL® Fig. 12 12, %K
DAL % Fig. 13 IC/R7. MnS ORFRBERT L &
HIZHWEML, MnS OBEBUIHBEICEAL TS, wTFhdb i
1400°C LT TIRIT—F I B, $72, BHEEI/NE
VWii & MnS ORIFREEAL, BEEEST 5.

3:2:3 FUYFI74 FNOREE Mn DAL

Photo. 2 OHWTHE CMA 12T, X-X" 7243 Y-Y' T
RLALE D Mn BS54 % Fig. 14 © (a)~(e) 121
T KPR EREMEORE & GHEE %/R L7, Fig.
14 OFRHFRIZABM O Mn EHEH S OFEE Mn OERT
BERT.

Fig. 14 @ (a), (b), (d) &1, EERETICE DRV

SUM23
|
06 T T T T,
Mno=1.0 % pd
- 7 -
Ve
e
? rd
£ 04r 7307
tfca 2 50
= r 7 1007
202k ‘C/min|
7))
1 L ! ! !
0 T T T T T
-~ 04_ =
nw C/min
W 100
5 02 —
g‘ 50
) ] /30 |
o ] T | |
0 02 04 06

S CONTENT (%)

Fig. 15. Effect of S content on the amount of
MnS and solute S.



472 % & % 74 4 (1988) % 3 &

SUM23
T T T
S0=0.35%
104— -
< /,———— =
Q10 7]
=
" 02k / 77 ~30
< / 50
/ T~ . .
) _// 100 C/min _|
/
l I I
0 T T T
04t -
; 100°C/min _|
= 02 “é >0
> 30 7
a0 N
o
wn \\ —
0 ' ' '
0 1 2

Mn CONTENT ()

Fig. 16. Effect of Mn content on the amount of
MnS and solute S.

&% Mn 25 TF L, MaS @ ¥— 2 & CHEE Mn D&
FTEAIES DD bA A, $72, Fig 14 @ (b), (c)
DRBHDREESA &, BHEH» SEEA~K 150 pm DOH
PFTH# 0.3% % T Mn WA % ZRHTH L7 MaS O
JEB#) 10 pm OHPHTHEE Mn F L KT 5 AT,
Fig. 8(b) % Fig. 9 OFt&#HE R L —H T 5. Fig. 4 O
(d) & (&) X b, HHFEEI/NSVIZLE, BHE2 SHEH
A Mn O EEAHEAL, Mo DETEIILKT S0
Hhhsd, ZOEES Fig 10 OFMERER L 2N —
BT 5.
3:3 MnS £BBICKIFT Mn, S BEORE

D EOERIBRNETNVOZYUEAHTHILDOLE
AbND. FITEREFNCT MnS DEKREICKITT
Mn, S BEOHEIIOVWTHRE L. 20/E% Fig
15 & Fig. 16 \Z7RT. MOBHIEMLZ S, Mn 57
~NT MnS IC %2 78A %KY, Fig 15 CRT XIS
AEETS % 0.4% LLEFEML TH MaS OEREEZ
i sy, EESAEmT A, $72, Fig 16 X
D, Mn OFEMEBEMEGHEEOETICLD, MnS
DEFEIEML, AESBETTAZ Lovhbrol.

4. #&

BEOBMANIERE s~y EREROBSEZZELL
I RO HE BB S, MaS o & L
% FEENT S ABENE T MER L, ToRLUME—FA
BEEERL OB THRIEL 2. E5IEEETFTNVE—H
R E FEER & R FCRER E LIS o BEEIRF O MnS O & tH,
Bk & 2 IS RUT$ i HIERE R iR O R S
DWTHNT L7, ZORRUTOZ LA bho7.

i R EEISH O MnS (38EFE P O S & T TA
B2, E‘E.hﬂtiﬁifcﬁﬁ%ﬁﬂ%‘j/\@ Mn OEECT, i
i MnS T um OO Mn DI TEES NS &
Eibhsd, 7, GEPEREETICES %2V MaS D
AR, RMFREEMT AR TRERLT 5. KikR
FEPNISE O MnS £ E X Ma ORINERN & G EHLE
BT C¥NT 525, SEOBINEZDARKERINIC
HINFEGLEWEEZONS.

X 73

1) SERBLEHES 40 (BARKMIG W), p. 437 [AE]

2) V. K. SCHWERTFEGER: Arch. Eisenhiittenwes., 41 (1970),
p. 923

3) E. T. TurkDOGAN and R. A. GRANGE: J. Iron Steel Inst.,
208 (1970), p. 482

4) ARE R, KISTER: Sk L4, 71 (1985), S1069

5) SAREPILFEPIS: %5 RSERS (197348 A)

B 3 B4 (8K )

6) BE #F, AT B, FHEEFE koM, 62 (1976),
p. 1319

7) HEEE—, BHEEIA, MRS gk, 67 (1981),
p. 755

8) HEERE, FkE—,
(1982) 110, p. 1

9) FEEE—, KiE B, WEET: $koM, 68 (1982),

p. 1569

10) Y. UEsHIMA, S. MizoGUcHI, T. MATSUMIYA and H. KAJIOKA:
Metall. Trans. B, 17 (1986), p. 845

11) LBRZ, /MAMBT, HOE=, REESE: 5KeH, 73
(1987), p. 1551

12) T. MaTsuMivA, H. KaJioka, S. MizogucHl, Y. UESHIMA and
H. EsakaA: Trans. Iron Steel Inst. Jpn., 24 (1984), p. 873

13) % 3 MREKSMEES 1 (H ARSI M) (1978), p. 205 [A
#)

14) I BAaRIN, O. KNACKE and O. KUBASCHEWSKI:
Thermochemical properties of inorganic substances
(1973) [Springer Verlag]

15) H. A. WRIEDT and H. Hu: Metall. Trans. A, 7 (1976),

p. 711

16) E. T. TURKDOGAN, S. IGNATOWICZ and J. PEARSON: J. Iron
Steel Inst., 180 (1955), p. 349

17) B0 B, EEGS, S8R5 BT (1984) 313,

p. 93

UNEE THE v e 1 R e




