KRWMOT Y P74 M7 uEIFCHT 2E8ETEORE 1551

© 1987 1S
}ﬁ?f‘%% O) :7:)‘ ‘/ F ? /f ]‘ FEﬁ S 7 U 'f;ﬁ?*ﬁ G: ;‘.\:l-j_ ;Q) E%unmxﬁm
/E‘-\{__:[:L‘.\j_t-?f‘% O) %Z%I}- TR HT T

EBEZY - MMBITY? - EOEZYC - MRk

Effects of Alloying Elements on Interdendritic Microsegregation of Carbon
Steel

Yoshiyuki UESHIMA, Nobuyuki KOMATSU, Shozo MiZoGUCHI and Hiroyuki KAJIOKA

Synopsis :

Effects of alloying elements on interdendritic microsegregation of carbon steels during solidification were
analyzed by unidirectional solidification experiments and mathematical analysis. In the mathematical analy-
sis, the diffusion of solutes in solid and redistribution of solutes at solid/liquid and at 7y interfaces were
taken into consideration. Based on the observed and calculated results, it was found that microsegregation
decreased by addition of ferrite former elements, and on the other hand, it increased by addition of auste-
nite former elements. It was clarified that the addition of ferrite former elements caused the increases of
the extent of diffusion in solid and that of redistribution between & and 7 phases, which reduced

microsegregation.
Key words : diffusion ; interface ; phase transformation ; segregation ; solidification ; element analysis ;
modelling.

Table 1. Chemical compositions of samples (wt%).
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AIRY <k, REMOBEEA/EICBIFS C, Mo, PO Sample c—lﬁ Mn P s | others
Fv NI A4 PG OB R — AR EER & BT c1 P 0851 035 | 14z | 0017 | 00020 -
PN s eI B F i e
BT ICED 7294 (o) BREATLETH S P 3HH ca F 00734 021 | 103 | 0011 | 0.0020 -
POBRABSEYT S C &, BEHIC X Y BOEATEE c5 016 4 020 | 100 | 0.012 | 00022 -

c-6 0.25 0.22 1.02 0.017 0.0022 -

hBAZERBRH L. 3512, A—Z2FF A4 b (7)

0.13 0.36 0.61 0.017 0.0019 -
Mn-2 0.13 0.35 1.52 0.016 0.0019 -

REAATECTHS COBBEZTTIAH L, BEO M, P

BEEAMRT 545, Sk oM FREESENL, E Bel | 015 | 021 l’L1.o4 0.018 | 0.0024 f 0.10 (Be)
HALHRE & o~y REREOHSREIETZOTHS cr1 | 043 | 020 | 101 | ooto | 0.0019 fos0(cn
SEEFBHOMILL. o2 EPLELHEHEBIZKD @ Mo1 | o060 ] 021 | 101 | 0011 | 0.0021 f 0.56 (Mo}
REATRZBML 2HE IO BE O IRE QT A Mo2 | 016 | 020 | 099 | 0.012 | 0.0022 f 0.52 (Mol

Mo-3 0.15 0.20 0.99 0.012 0.0024 F 1.01 (Mo}

HEETED, 22 TARTRELY D « ZEIALTEL R Mo-4 024 | 022 1.00 0.017 | 0.0022 E 1.20 (Mo}

ML7BED, BEOTFT ¥ N5 4 FASA & BHIEEA~

Sn-1 0.14 0.20 1.01 0.010 0.0021 g 0.99 (Sn)
s 2 5 . - - P
5 x % Ej% % ﬁgﬁ L f“" &b L"’ b 0)'%%‘:% % 14 _k‘%'ft V-1 0.077 0.20 1.01 0.011 0.0021 E 0.97 (V)
V-2 0.14 0.20 0.99 0.010 0.0022 g 0.97 (V)
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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. 3. Unit area of transverse cross section of a
dendrite.
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Table 2. Equilibrium distribution coefficients and diffusion coefficients of solutes.

Element koL KL ke D¢ (cm?/s) D7 (em%/s)
C 0.19 0.33 1.75 0.0127 exp (—19 450/RT) 0.0761 exp (—32 160/RT)
Si 0.77 0.52 0.68 8.0 exp (—59500/RT) 0.30 exp (—60 100/RT)
Mn 0.77 0.79 1.02 0.76 exp (—53 640/RT) 0.055 exp (—59 600/RT)
P 0.23 0.13 0.57 2.9 exp (—55000/RT) 0.010 exp (—43700/RT)
Be 0.65 0.33 0.51 17.1 exp (—54 490/RT) 0.33 exp (—61 190/RT)
Cr 0.95 0.86 0.91 2.33 exp (=57 070/RT) 0.169 exp (—63 070/RT)
Mo 0.8 0.585 0.73 0.663 exp (—53590/RT) 0.036 exp (—57 310/RT)
Sn 0.35 0.19 0.54 2.24 exp (—53 110/RT) 0.0035 exp (—45650/RT)
\' 0.93 0.63 0.68 3.05 exp (—57 190/RT) 0.28 exp (—63 100/RT)
Definition

£°’L : Equilibrium distribution coefficient between & and liquid k7’L ; Equilibrium distribution coefficient between 7 and liquid kr/o. pr/Ljgerk

Sources

k : Ref. 8) for C, Si,Mn and Mo Ref. 11) for P Ref. 7) for Be and Sn

Ref. 10) for Cr and V

D:Ref. 9) for C Ref. 10) for Si, Mn and P Ref. 12) for Be, Cr, Mo, Sn and V
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(A) 0%Mo, Sample C-5 (B) 1%Mo, Sample Mo-2
Concentration range : Mn 0.8-1.3%, P 0-0.035% Cooling rate : 27°C/min

Photo. 1. Manganese and phosphorus distributions on the transverse cross section of
dendrites at 1 300°C.
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(A) Manganese (B) Phosphorus (C) Molybdenum
Cooling rate : 27°C/min  Sample : C-5(0%Mo) and Mo-2(1%Mo) f, : Fraction area in iso-manganese concentration lines

Fig. 4. Solute distributions in dendrites at 1 300°C.
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Cooling rate : 2.7°C/min  Sample : C-5(0%Mo) and
Mo-2(1%Mo) fa: Fraction area in iso-manganese
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Fig. 5. Manganese and phosphorus dis-
tributions in dendrites at 1 300°C.
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Cooling rate : 27°C/min
Fig. 6. Effects ferrite former elements on
interdendritic concentration of manganese and

phosphorus at 1 300°C.
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Cooling rate : 27°C/min
Fig. 7. Effects of austenite former elements on
interdendritic concentration of manganese and
phosphorus at 1 300°C.
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Fig. 8. Change in fraction phase during solidifica-
tion.
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Fig. 9. Effect of molybdenum addition on & —7
transformation temperature, T,,,.
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Cooling rate : 27°C/min  Samples : C-5(0%Mo) and Mo-2(1%Mo)
Fig. 10. Change in interdendritic concentration of
manganese and phosphorus during solidification.
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Cooling rate : 27°C/min
Fig. 11. Relation between primary dendrite arm
spacing and solute concentration.
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Table 3. Change in interdendritic concentratios
ratios by the addition of the alloying elements.

Be \' Sn Mo Cr C
A(Cuy/ G no) 2.3 0.19 0.17 0.09 0.22 ~—1.20
A(Cp?CPZS 10.1  1.05 0.66 0.47 0.62 —5.65

- Notes : The concentration range of each element is 0~1% except Be
(0~0.1%), Cr (0~0.5%) and C (0.05~0.25%)

Table 4. Contribution ratios of the factors to the
decrease in interdendritic segregation of Mn and P
by the addition of the alloying elements (%).

(a) Mn segregation

Factors Be \Y% Sn Mo Cr C
Diffusion in § 83 63 29 67 0 —171
Decrease in dj 17 37 71 33 100 71

(b) P segregation

Factors Be \' Sn Mo Cr C

Diffusion in & ’ 53 4 17 37 -2 -8
Redistribution ¥ t¢ & 29 39 20 33 0 —95
Redistribution S to L 1 1 0 2 0 -5
Decrease in .dj 17 20 63 28 102 85

Colling rate : 27°C/min Carbon content : 0.07-0.24 %

D i i I

Re= ST Gl (g X 100+ QD
STz, BIBRE CT i+ ~T 1300°C BB E
HiETHY, R, 3ZEEFHEMOFSE (%) v KT.
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