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Distribution of Solute Elements between Solid and Liquid
Phases in Iron-Carbon Base Ternary Alloys
Zen-ichiro MORITA and Toshihiro TANAKA
Synopsis:

The equilibrium distribution coefficients &, for some solutes in Fe-C-base ternary alloys have been ex—
perimentally investigated. The mechanisms of these solute distributions between solid and liquid phases
have also been discussed on the basis of thermodynamics.

The experimental results show that k, of Ni increases and &, of V decreases with increasing carbon con-
tent, and the distributions of C in Fe~C-Ni and Fe-C-V alloys differ little from those in Fe-C binary al-
loys. The effect of carbon on ks of Ni and V can be thermodynamically explained by using the inter—

action parameter, the activity coefficient and so on.
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Photo. 1.

Table 1. Chemical composition and equilibration
temperature for Fe-C-Ni and Fe-C-V alloys.

wt%C wt%V wt%Ni Holding temperature [K)
2.57 1.03 1543 1548
3.50 1.06 1468 1476
2.30 0.44 1628 1643 1653
3.34 0.44 1536 1546
2.45 2.96 1622 1632
3.37 2.80 1543
1.62 0.39 1673 1683
2.77 0.48 1573 1593
3.28 0.59 1526 1556
2.71 1.03 1605 1608 1613
3.84 0.93 1473 1483 1490

Table 2. Chemical composition for
standard specimens.

wto C wto V wto% Ni
0.00 0.00 0.00 (pure iron)
0.71 0.44
0.97 0.59
1.04 0.41
2.30 0.44
3.34 0.44
0.92 1.10

. 114 0.59
1.31 0.94
2.71 1.03
3.84 0.93

fo. $ichh, BRI E B ERICR O TR
1To7. e, WHIMOEEREC W THABT TS
— & DTS, EMERD 2~ 3 S0
OTHEBEYAEL, FOFHE Lok, FOE, &
SR B\ Tk Table 2 W3- RS BEAN 0 HEHES R &
Avt, XgRELAEEAROBMRERD, Fig. 11t
AT LS IRBEREERL, chyEWCREREY R
FE L.

Fig. 2 &, EPMA 1= X B HIEED T O RERE R
oO—FlEkrd. AL D, ERBRECSR»ASG L
FeRENTIE, ERAEEOBEMHEPEEAFOREDH
B X A RED R\ ANE— LI FED bbb, Wi
o oFE S EAEPRIBIE—RBES MR R L, FHRE
ROT\ B T Evhb D, Tols, EHT 0P R REE

- p————1 1004
Microstructures of quenched specimens.

Fe-3.28C-0.59Ni

DOPECEL T, ZOFEMBOEREHA L
3. 2 B B B

Fe-C-Ni %k X" Fe-C-V R KT HA—-AT
A AR - WA O RFBREOW E B & Fig. 3w
F. ¥, BRTEBEODI, Fe-C 2Rk
BN, EAMRSRT. ARX Y, CoEME, &HEHE
DLHFICDWTEE, N,V 231 % BEORERFE T,
2 LR & TR AE(ERD bivio o & n3
o

Wi, Fe-C-Ni Rk} 2 Ni oF#gHE R A
o Coy g g Ees 528y Fig. 4 wrd. %
iz, Fe-C-V Rieki) 5 VORENEAE £ OCoW
TR bR 5 2k y Fig. 5 wnd. AR,
BMIIET -2 BB OTEHE L £, K offidbdheT

T T T T -
2 L o |
= 60 P

W

> §‘ 40 B
‘a

S 20g¢ . s . E
% Intensity of NiKa=48.8xWT%Ni+15.7

0 02z 04 06 08 10 12

WT%% Ni
2 o . /
> I .
57
s 20t 1
@
g 10E Intensity of. V Ka = 42 4XWT%V +8.21

0.2 04 06 08
WT%% V

5

A
2 A
J A
s@ ///// )
FNN
‘é A/
g r Intensity of CKa=977xWT%Cs17.9
= 1 1 1
0 10 2.0 30 40
WT% C
Fig. 1. CQalibration curves for Ni, V and C in

electron probe micro analysis.

— 76 —



Fe-C ¥ 3 nRAL KT HBHETLHEOEKMDO LA 1577

o iquid
liquid solid phase é?\u;se
phase Ni

Fe-162 C-0.39 Ni

c- } «auid
liquid I._ solid phase liqui
phase id ph phase

Fe-3.84 C-0.93 Ni
liquid solid phase liquid

phase phase

\

Fe-3.50 C-1.06V

Fig. 2. (iarbon, nickel and vanadium distri-
bution in quenched specimens.
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Fig. 3. Carbon distribution between austenite
and liquid phases in Fe-C-Ni and Fe-C-V
systems.
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Fig. 4. Change of k of Ni in Fe-C-Ni alloys
with carbon concentration on liquidus.
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Fig. 5. Change of k, of V in Fe-C-V alloys
with carbon concentration on liquidus.
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Table 3. Thermodynamic data for calculating A¥' and £%.

Austenite

Ref. Liquid Ref
*2 *2 -
In i —0.386(1300°C), ——°07 (10)  —0.416(1600°C), — 7T73 (9)
et 1200 *1 1,560 *1
. T T
Nickel . 4610 5300 ¥
e 8! 450 10.65 a1 2.85(1600°C), ‘:’;‘40, (9)
— (k1 =21.6-T +0.90x10-3-T2—3.2- T -In T +1257 (Ref.(16))
T *7 *J *2
n v ~3.1001000°C, @ phase), — ° 0 a8 —1.80(1600°C), 30 a%)
*2
ey 790, *1 3.30600°0), 090 (9)
Vanadium 23400*2 _ 3 100*°
el —18.4(1000°C), —#310 (12)  —16.1(1600°C), 0! (9)
2y ,uv 48.6T +1.29x 10-3-T2—0.1x 105 T-1—6.45- T -In T —3935 (Ref. (16))
In To 8680 £2.72 In T—24.3 (14) 27TZ° ~2.00 (15)
Carbon
e 8980 +3.00 (14) 7830 13,66 (15)
*1 csnmated from the equatmn Ex:‘2 In 7x *2 Temperature dependence is estimated in this work.

*3  The value of the term {(/lv

{(h— %) + RT-In 4/73} = { (3}~

in ligq.—7 equilibrium in lig.—a equilibrium

£%) +RT In 73/74} in lig.
£%) +RT-In73/75} + { (25—

— 7 phase equilibrium is calculated from the equation :

£Y) +RT-In7%/7%}

in a—7 equilibrium

where the last term is equal to (RT In kJ(a—7)=RT In NG/N% in Fe-V binary syslem)Nv_,O =—0.577-T (Ref.(17)).

BRI FAET S L5 Bbhs. 22T, ZOHEMBGR

FRAATFERICIOTRD S &, ROBGRIE BRI,
€35 =0.925 3! errriiiiiiiiiiiinn, (14)
ETkdbhiz Fe-C-X RickiFs eb! & eP°

ﬁﬁ%%&@%&%%u,@%mmlofF&No<x
CREWTHAD LRBEZENFEIRTWE. 2D
&, BEHEOARIEECT LesEL Lk, ThIIKE
BIOEBCRT HEEDOEC LD IDTHE EELD
hTuws., T, ETRDA) R E (18) RO FHLHE 4
HIRATS ERkARE LI B.
(69! —e$%kE) Ni=e$ ' (1-0.925%8) - N}
- (15)

T, COFEHRMRE 4 121 X h/hXvz &n

= >
[,

b,

(1-0.925 £§) >0
Ligh, A)ROAELFE4HDOIEAIL ' DEA, T
7tbbCLXDHEMERORCKET B 2 Liibns.
chib, CLREMFAERTTRXL, &' NIEDOHEY
Lot (1) R0ATL 4 HIEDHEE 7y, RFER
BE NS o e Ebic k5 BNImT 5 Lk b.
Ji, CrBEIEROHATLHRXIL, ' HNADHEE DD
e (1) ROATH 4 HIADMEE ey, RFEWE N
ORIE b £ WA TH I ECies. Thieko
T, AEBRIERO Ni, V OFEHEER &' & DK

FEEC XL ELFHBTES. Thebb, C &Nk
Feh CRFEMEA &R T 120 (X >0), k3 1L R F RS D
Wine & bcms 5. —J, CLVix Fe A cR5|E
A% RTIcD (691<0), k& (ZRFBEOHEME & Hic
WATHZ b, ZhEARBRER L E®RMC—K
T5. ki<, N,V UADOTHRGEDT, MORHREC

0 Mn:Umeda et al.: Vunin et al.
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Fig. 9. Change of equilibrium distribution coef-
ficient of some elements with carbon content in
iron-carbon base alloys.
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