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Effect of Solute Content and Solidification Rate on the Microsegregation of

Carbon Steels

Synopsis :

Geon SHIN, Toshio Suzuki and Takateru UMEDA

Casting conditions of continuous casting process especially a solidification rate and a temperature gra-

dient, were reproduced using unidirectional solidification.
samples were traced with an electron probe microanalyser (EPMA).
ployed to describe solute distribution in a dendrite.
and /7 transformation on the microsegregation of solutes, numerical analysis was carried out.
Considering 8/ 7 transformation and diffusion of solutes in

the analysis were compared with measured one.

Contour profiles of solutes in the solidified
A new evaluation method was em-

To account for the influences of solid state diffusion

Results of

a solid phase during and after solidification, the influences of carbon concentration and solidification rate
on the microsegregation of manganese were discussed quantitatively.
Key words : solidification; microsegregation; carbon steel; numerical analysis; diffusion; peritectic reaction.
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N, oK BEIBLY 2mass% & L7z %
B, 37 0EIMCBLETHOETOEELRS T 720,
2134k 0.015mass% LT, O A &HEHEIE 20 ppm
PUTFC L7z, R % Table 1 IZ/R.
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HHEHHTEA D 1/4 DL TOGEHREY »HH|E L
EREEE AR TAOIC0.1lmm/s #FEE L,
O 0.03mm/s KBV THLEREEIT-72. —HN
BEEFEERE, MBOBEHERLD, 7Y F 74 MM
BEFEGR 2 S 50mm U EERE L8 25 TEFIRE
Ko TWwWAhI ENghal. #2C, 7V F74 L1
RT — b AR= v 73 EFRFREHRAS 80mm O &£ 2

AT, 2RT—LAR=2 7380 & 9%5mm & DfF
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Table 1. Chemical composition of samples
(mass%).

Sample C Mn Si P S Sol.-Al

Al 0.06 1.05 0.008 0.0007 | 0.0006 0.024
A2 0.13 1.04 0.005 0.0005 | 0.0006 0.025
A3 0.18 1.06 | 0.007 | 0.0006 | 0.0006 | 0.026
Ad 0.27 1.04 0.015 0.0007 | 0.0007 0.024
A5 0.41 1.03 0.008 0.0008 | 0.0005 0.030
A6 0.60 1.06 0.015 0.0009 | 0.0008 0.026
B3 0.17 2.05 0.008 0.0007 | 0.0007 0.026
B4 0.26 2.06 0.009 0.0007 | 0.0010 0.028
B5 0.40 2.01 0.012 0.0008 | 0.0015 0.030
B6 0.56 2.00 0.007 0.0009 | 0.0010 0.032

Ni:0.002~0.009 Cr:0.001~0.007 Mo<0.001 V<0.001
Cu :0.001~0.016

Table 2. Experimental conditions for determining
the solute concentrations of a sample using electron
probe micro analyzer.

Average distribution Distribution of solute
of solute in dendrites in a dendrite
Area 3.2X3.2 mm? 1.2X1.2 mm?
Interval pm pm
Grid 46 X 46 41 X41
Voltage 20 kV
Ampere 50 nA
Sampling time 3s
Beam diameter 1 pm

2-2 BEBESHOAME
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WEMEE, —2DF Y FI 4 Fd7zh 100 MR
EFTELHLHIIC7T0um & L, £ Tk 3.2mm X 3.2
mm O 4EW DG 24T 7-. o EPMA MIESEH %
Table 2 12787
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Fig. 1. Effect of cooling rate on the primary and
secondary arm spacings of dendrites determined at
a unidirectionally solidified sample and the change
of secondary arm spacings of dendrites determined
with the location at continuous casting strand.
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Fig. 2. Cumulative frequency function of man-
ganese concentration determined by EPMA.
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Fig. 3. Definition of the solid fraction in this
study introducing the cumulative frequency func-
tion.
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Fig. 4. Effect of carbon concentration on the dis-
tribution of manganese in a dendrite with a solid
fraction.
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Fig. 5. Effect of solidification rate on the dis-

tribution of manganese in a dendrite with a solid
fraction.
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' Fig. 6. Effect of carbon concentration and solidi-
- fication rate on the segragation ratio of manganese.
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Fig. 7. Schematic diagram showing the longitudi-

nal and transversal cross sections of a dendrite to
" be analyzed.
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Table 3. Equilibrium distribution coefficients be-
tween liquid and solid and diffusion coefficients of
carbon and manganese in iron.

Pk D (mm?%/s) X100
C 8 0.199 0.0127 X exp( —19 450/RT;§)
b4 0.34%8 0.0761 X exp( —32 160/RT)?
Mn ) 0.76% 0.76 Xexp(—53 640/RTg:g)
7 0.78% 0.055 Xexp(—59 600/RT)'?

CCHZNZN 5, o HTO n WSORET, K2y
e otie OFEISEMABTH%.
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(3)X %2 TRD.

oCs /ot = 3/ 3x[D,(T)OCS/Ox] eereererenneeens (3)
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Fig. 8. Change of manganese distribution accord-
ing to a solid fraction during and after solidifica-
tion (Numerical results).

FHOBRELOMICKELRBEENELSD. CORBREE
X BB 2D, ROBHEZAT » 7 TIRREES
HTOBWHBRESZII WA T HER DR S N, B 208,
1573K £ CHH L ABECORMKREEROBEIZEL
KT L7z, STHEEERTE OB, BIKROAE S X UL
BHERO 1L RTLICHEL B EAMEEE ISR,
BiF 24T L Cid Uesnima &, Kosavasur 52 X BIEIEDS
RASNTWAS., LALLAS, ThiEFY FI9A4 o
oM S CRRTAMETH Y, BROBREL LV
SR 2 E5BROBRF 2 ET 5. AFTRETHE
BeE %O BB OB BMEE Z SN A EET TIE
%o 1K GH L -ROBEIRE XYV, EBRERE
BB LA ZoX)ehkicky, BESTHEHEREE
FHOBREFZEICEL T HHB M S, ERER
*BOHBT A EATEL, Fig 913, SFE#E 0.1
mm/s (2 2WT, BEZTHEHEZSHHAD, < Frg
S TORIMEL RKMEDOELZRLEFERTH 5.
ZIT, BHERRLERMEYILELTAL L, BEXET
EHE»S TK GELBOEREY, EBREE R
L7, —F, RERS0.13% OE41243, Fig 10 T
R &) ICEFES TRICARUC P ETRTH H 720,
WERSIEDHET 4 HIRE TOME * KBl & LT 54
%ﬁf&) a7,

PLE, BEOEITICED Mn OBE5EIC 2 W TR
ARTH, REDRESMIEHATIILALH—ThHo
7-. .
4:2:2 = U HYORITICB XTI RERE B X U4



280 &% ¢ & % 78 £ (1992) % 2 &
V : Numerical, Max. just after Solid.
/\ : Numerical, Max. below 1 K after Solid.
3.0 O : Numerical, Min. below 1K after Solid. —
O : Numerical, Max. at 1573 K
A : Experimental, Max.
| @ : Experimental, Min. v L?
DN
S v A ¢
) v - (&
o 201
© \Y4 ﬁ A <
E A, A =
g | X A o ] (] -
0
1.0 o ° -1
T8 88 8, g & _ - =
i ] ol v v |y
0 05 10
| ! ! ! ! ! . _
0 Solid Fraction, fs
0 0.2 04 0.6
C. mass% Fig. 11. [Effect of carbon concentration on the

Fig.'9. Change of the maximum and minimum
concentrations of manganese in a dendrite with
the temperature after solidification (Numerical

results).
24 T T T T T T T
- C;0.13 mass%, V;0.1 mmys -
A
L o, ]
Experimental
(1]
| Numerical, below 1K after Solid.
(1766 K)
Caf A
Q [ .
~
S o
i B Numerical, after 6/+ Trans.
< -
s (1765K)
1.2 [~ . J
0
| Numerical, at 1573K _
12 }+ e
0 Y I N (NN NN NN SN S
0 05 10

Fig. 10. Change of the distribution of manganese
in a dendrite with the temperature after solidifica-

Solid Fraction, fs

tion, 0.13 mass% C (Numerical results).

R D

distribution of manganese in a dendrite with a solid
fraction ( Numerical results).
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Fig. 12. Effect of solidification rate on the dis-
tribution (Numerical results).
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Fig. 13. Relationship between temperature and
the solid fraction at various carbon contents
(Numerical results).
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