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Equilibrium between Yttrium and Oxygen in Liquid Iron and Nickel

Fujio Isun and Shiro Ban-va

Synopsis : In order to investigate the equilibrium between yttrium and oxygen in liquid iron and nickel, the deoxidation of yttrium
in liquid iron and nickel saturated with yttria has been measured at the temperature ranges from 1600°C to 1700°C using

the sampling technique.

The effect of temperature on the equilibrium constant of the deoxidation reaction in liquid iron was found to be :

log Ky(Fe) (= a;' as) = _36160/T+733

while the deoxidation product of iron, log Kie (= [%Y1*[%01°), was expressed as follows :
log Kirey =log Kyrey— (—17350/T+3.14) (3[9% Y] +11.1[%0])
0.02< [%Y]<0.11
by the use of the interaction parameter, e&re) = —17350/T +3.14.
The temperature dependence of the equilibrium constant for the deoxidation of nickel, log Kyny, was given by the

expression :
log Ky = —36250/T +6.36

Besides, the deoxidation product of nickel was represented to be:

log Ko =log Ky +6.47(3[% Y] +11.1[%01)
0.01< [%Y]<0.11

with the interaction parameter, e§ny= —6.47.

Key words : deoxidation equilibrium ; yttrium ; iron ; nickel ; deoxidation product ; interaction parameter ; superalloy.
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Fig. 1. Deoxidation curves of liquid nickel with
yttrium.
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eP=—0.12 <3 —3440/T+1.717 Narita et al.?®
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eP=—0.1 <2 —1830/T+0.874 Koyama et al.?®
e¥=—1.3 Buzek?®
el =—046 0.01-1.85 Buzek'®
=-6.12 0.02-0.11 —17350/T+3.144
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AL, Tbb, 0.05mass% YR ERIMES b D phig
£729,1600°CTIEHIE L7-HEHE Ol KB £ 13#720mass ppm
BRL TV 5, EREHE STV 3 BERCRIBRE L VP lRk
FRIEE L ORREFig 6 CHERLTRT. T4bb, YIREE
R LOBAN ZBOVANESTHEE 12D S, L

-1
10 T T T T T T T T

T T 1171
/’
=3
25
D
LA
I S |

%

g .]01 \

E - . \‘

= L e, Ti

c -

g - e, HELY /]

§ L AL N A 4

£10° -

<

LN i

x A

o i I 7
]o"' - L L - PR S A S JEE S A |

10 10 10" 10°

Etement content(mass®)

Fig. 6. Deoxidation equilibria with various elements
in liquid iron.
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Table 2. Interaction parameters in liquid nickel at

1600°C.
e Conc. range  Temp. range("C) Investigators
(mass%)
ed=—147 0.001-1.2 1550-1700 Ishii et al.?®
ey=—006  0.001-2.0 1500-1650 Ishii et al.191920
e¥=—9.75 0.001-0.1 1600-1750 Ban-ya et al.?V

e =—6.47  0.01-0.11 1600-1700 This work

BRI L U=y r D4 v b Y V& LBREOTH

10_2 1 7 T T LI | T T LI |

) —

o 1600°C
o 1650°C
a 1700°C

10‘% NI S B L U - il L [
107 10"
Yttrium content(mass®)

Oxygen -content(mass )
3
i@
1

1

T T 1T

Fig. 10. Equilibration between Y and O in liquid
nickel.

107 7T —rT r—rTT

1600°C
inNi

102 \
- \
N S~

N

10—4 N Ll 1 Ll P Y ‘l
10° 107 10" 10°
Element content (mass®)

_.
<
&

Oxygen content({mass®o)

Fig. 11. Deoxidation equilibria with various ele-
ments in liquid nickel.

LIS IERINITHE 6 UAHEERRE % Table 2 (2R T 5,

Fig.10i2 (13) RDlog Kyap & (12) RE& b =a— >
ETEM LRERNIFTOY LBEOFEIMRERLIZL D
THo, b s, EEHER IR LI2HS, YIRE0.04~0.05
mass% {SR/ME OB TH b, 1600°CTIRER L IZY
BERHE T PR RIEE I2#10mass ppmZP R L TV 5,

Fig 1L # 6 2%, BRCIRE LI BIERR L A EERY
FLDTRLIZLDTH Y, YORERIISI L AIOBIERERD
PRCMEL TV 3,

4. &8

Y,0: 320X HV T, iZ#gks X NIiDYC & 5 HEEF
B BE L KORR 312, |
1) I RRERDIBLRE T 2 X & IR EERI21600°C~ 1700°COFE
HTKRD & 5 @60, o

363 EN



B 364 &% & $RVol. 80(1994)No.5

log Kygey=—36160/T+7.33
log Kiey=1log Kyrey— (—17350/T+3.14)
(3[%Y1+11.1[%0D
0.02<mass% Y <0.11

2)ERNIT BB O E K & FRERIIRNTRS
s,

log Ky(Ni) - —36250/T+6 36
10g K{z(m)=log Ky(N1)+6.47 (3[%Y] +111[%O])
0.01<mass%Y <0.11

b bizgleh, Y,0, 5 D3 EBETaICE L=3E
i (BR) - RGBS L, HEOKIZE B OBRBRENL, 26
CCHER 2 REET 3 » & L7CTHI(BR) <458 F 34 K #HL
BLEY T, BEEBAERYORE CEHEE e e H
KERMHZRAT - BMEMEEOF %, ko R KRE
MBI LR - =4 707 F 5 4 F—F0HEARZK K
Bl LE T, 70, ARPFZEHRAT O YRImEE L LTHE
WhoeliZel:BBEEZ (BHEMEER) L 0/kOEH

(B (BR)) oM c@E#ec L+, R ofky
T & CARREOIEBO IR H w7075 w 2o 3R 2 T2
BE - AREERCE#HCZLET,

X 7

1) JM.N’G. Muamba, R.Streiff and D.H.Boone: Mater. Sci.
Eng., 88 (1987), p.11

2) A.W.Funkenbusch, J.G.Smeggil and N.S.Bornstein: Metall.
Trans. A, 16A (1985), p.1164

3) J.G.Smeggil, A.W.Funkenbusch and N.S.Bornstein: Metall.

4

~

5)
6)
7)

8)
9)
10)

1D

12)
13)

14)
15)
16)
17)
18)
19)
20)

21)
22)
23)
24)

25)
26)

27)
28)

Trans. A, 17A (1986), p.923

J.Jedlinski, K.Godlewski and S.Mrowec: 2nd Intern. Symp.
on High Temp. Corr. of Advanced Materials and Coatings.
II, Les. Embiez, France, (1989), p.22

G.H.Meier and F.S.Pettit: 16th Intern. Conf. on Metall.
Coatings, San Diago, California, (1989), p.17

S.0.Mancuso, F.E.Sczerzenie and G.E.Mavrer: Superalloys,
1988, Pennsylvania, USA, (1988), p.18

S.B.Maslenkov, N.N.Burova and V.V.Xangulov : Metalloved
Term Obrab. Met., 4 (1980), p.45

RHEFHE  AE

L. Wang and T.Du: Iron Steel, 20 (1985)8, p.9

A.V.Senin and G.G.Mikhailov : Izv. V. U. Z. Chernaya Metall.,
(1986)4, p.4

T.Dan and K.Gunji: Trans. Nat. Res. Inst. Met. (Jpn), 26
(1984)3, p.188

M.B.Movchan : Adv. Spec. Electrometall., 3 (1987)4, p.249-252
Z.Buzek : Proc. Intern. Symp. of Metall. Chem., ISI, London
(1971), p.173

BIHATR, BEEHB kL, 75 (1989), p.2188

F.Ishii and S.Ban-ya : ISIJ International, 32 (1992), p.1091
FFHARR, BLHELS kLM, 77 (1991), p.384

F.Ishii and S.Ban-ya: ISIJ International, 33 (1993), p.245
BHATR, BAEEE LM, 77 (1991), p.1274

F.Ishii and S.Ban-ya: ISIJ International, 32 (1992), p.1097
F.Ishii and S.Ban-ya: The P.E.Queneau International Symp.,
Proce., Vol. I, Fundamental Aspects, Ed. by R.G.Reddy and
R.N.Weizenbach, (1993), p.59

BAEES, AIFATR, KEEAIEH 78 (1992), p.1449
T.B.Massalski : Binary Alloy Phase Diagrams, Vol.2, 2nd ed.,
(1990), p.2832, p.2885, p.2937 [ASM Intern.]
SRMRODOHESRE  BRETIR (B AEMNIRASBSE 19T B LH),
(1984), p.106, p.262

BRILOHESME  RETAR (B AR R SRS 198 524),
(1984), p.259

H.A . Wriedt and J.Chipman : J.Metall. Trans., 8 (1956), p.1195
E.S.Tankins, N.A.Gokcen and G.R.Belton: Trans. Metall.
Soc. AIME, 230 (1964), p.820

J.E.Bowers: J.Inst. Met., 90 (1961/62), p.321

FHARR, BEEE HELE w12, 2(1989), p.145



