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Activities of Sulphur and Oxygen in Liquid Iron
Shoji Havasur and Tatsuji Uno
Synopsis :

The equilibria of reactions between liquid iron and H,S-H,O-H,-Ar gas mixture were examined using
a resistance furnace in order to make clear the interaction between sulphur and oxygen in liquid iron. The
gas mixture was sufficiently preheated by adjusting its total flow rate, and hence thermal diffusion was

avoided. Soundly solidified specimens were obtained when the gas mixture was diluted with argon.

How-

ever, adding too much of argon and water vapor decreased the values of Py,s/Py, thermodynamically
calculated. Therefore, experiments were performed on the basis of the condition, under which H,S-H,—

Ar gas mixture was in thermal equilibrium.

As a fundamental study, measurements were carried out for liquid iron equilibrated with H,S-H, and
H,O-H, gas mixtures using the same resistance furnace.

The interaction parameters ¢’ and ef®’ at 1500, 1550 and | 600°C were obtained by combining the
results for Fe~O-S system with those obtained in the present study for both Fe-O and Fe-S systems.
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A : HpS-H, gas system B : H; gas system C : Ar gas system D : HyO gas generating system E : gas analysis system 1 : H,S5-H;
gas cylinder 2: H, gas cylinder 3 : Ar gas cylinder 4: bleeder 5:CaCl3;-P3Os 6 : chromic acid mixture 7 : sodalime 8: flow
meter 9 : Pt asbestos furnace (250°C) 10 : Cu net (550°C) 1l : Mg chips (600°C) 12 : gas mixing tube 13 : H;O pre-saturator

(oil bath) 14 : water tank 15 : thermostat 16 : H,;S absorbant

17 : water vapor saturator 18 : soap film flow meter 19: Hg

manometer 20, 21 : to Pt6%Rh-Pt30%Rh thermocouple 22 : nichrom wire heater(100°C) 23 : to reaction tube
" Fig. 1. Schematic diagram of the gas trains.
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1 : silicon rubber cap 2 :gas mixture 3 : Pt6%Rh-Pt30%Rh
thermocouple 4 : Pt-Pt13%Rh thermocouple 5! alumina
guide tube 6: Ar gas 7 : glass window 8 : Ar-5%H;gas 9 :
alumina protective tube 10 : cooling water 1l : alumina rea-
ction tube 12: brick 13 : Mo heater 14 : alumina powder
15 : alumina crucible 16 : liquid iron 17 : alumina support-
ing disk 18 : supporting tube 19 : porcelain tube 20 : Mo
radiation shield 21 ; quartz tube 22 : terminal

Fig. 2. Reaction furnace assembly.
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Fig. 3. Variation of [%S] with time in Fe-S
system.
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Fig. 4. Variation of [%S] and [% O] with time
in Fe-S-O system.
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Table 1. Comparison of the oxygen contents
determined.

present vacuum fusion method

sample composition
number total oxygen average oxygen of sample
content (55) content ($5)
0.0347, 0.0367 0. 0360 %Mn=0. 38
S—1 8 gggj 0. 0360 a=0. 00077 za%io 020 o
. %60=0. 0362
ZoMn=1.21
0.0169, 0.0171 o
s—2 0.0174, 0. 0166 0. o169 73=0 261
0. 0167 a=0. 00023 %C=0. 095b
) %Q=0. 017

o : standard deviation, a : vacuum fusion method,
b : Ar carrier gas chromatographic method.
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Fig. 5. Effect of gas flow rate on the apparent
equilibrium constants in Fe-S system at 1550
and 1 600°C.
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Fig. 6. Effect of Ar addition on the apparent
equilibrium constants in Fe-S system at 1 550 and
1 600°C.
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equilibrium constants in Fe-O system at 1 600°C.
(Pr,0/Py,=0.145 and 0.40).
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Fig. 8. Relationships between log K, and [%S]
in Fe-S system at 1 500, 1550 and 1 600°C.
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Table 2. Equilibrium constants and interaction parameters in Fe-S and Fe-O

systems.
Fe-S system Fe-O system
temperature
°C log K¢ egts? log Ko ed @
a a a
1500 —2.622 0. 0024 -0. 051 0. 0009 0.751 b —0.22 b
L 550 —2.604 0.0016 —0.049 0. 06007 0. 642 0. 0038 —0.20 0.038
1 600 —2.587 0. 0016 —0.047 0. 6007 0. 541 0. 0027 —0.18 0.027
1 650 0. 442 0. 0044 —0.16 0. 041

log Ky=—1169] T—1. 963
egfS) = —120/ T+0. 017

log K3=7012 T—3.203
e = —1 402) T+0.57

a : probable errors of experimental values (reliability : 503%) b : calculated
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Fig. 11. Relationships between log K, and [%O]
in Fe-O system at 1550, 1600 and 1 650°C.
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Table 3. Experimental results in Fe-S-O system.

a) 1500°C
.102 ot o
Feat no. Heat time P“as/f),,n 10 PH?O/pHB (%53 (%91 log fo‘m log fs(o)
. obs. cor. obs. cor. initi. final initi. final
R-1 6 4. 34 4. 00 0.197 0.198 2.33 0.108 0. 0817 —0. 349 -0.025
R-3 6 5.11 4.70 0.198 0. 199 3.03 0. 168 0. 106 —0.453 —0.033
R-5 6 3.79 3.51 0. 149 0. 150 1.9 1. 90 0. 0605 ~0. 345 —0.016
R-6 6 3.73 3.45 0.199 0. 200 1.90 L. 85 0. 0702 —0. 282 —0.013
R-11 6 2.93 2.73 0. 148 0.148 1.37 0. 0442 -0.216 —0. 009
R-12 6 2.91 2.70 0.197 0.197 1.38 0. 0614 —=0.231 —0.016
R-15 18.3 4. 80 4. 43 0. 150 0.150 2.86 2.64 0. 0670 0. 0690 —0.349 —0.019
b) 1550°C
P-8 6 3. 66 3.23 0. 304 0. 305 1. 68 1.71 0. 0958 0.134 —0. 258 —0. 036
P-9 6 2.42 2.15 0. 319 Q. 320 1. 05 1.05 0. 0868 0.112 -0. 165 —0.034
P-10 6 3.02 2.68 0. 298 0.299 1.37 1. 34 0. 142 Q0.114 —0.199 —0.028
P-11 6 1. 82 1.63 0. 297 0. 297 0. 681 0. 764 0. 0720 0.0927 —0.117 —=0.031
P-14 6 1.43 131 0.129 0.129 0.574 0.0773 0. 0374 —0. 096 —-0.011
P-15 6 1. 42 1.29 0.199 0.199 0. 569 0. 0374 0. 0552 —0.074 —0.011
p-22 6 2,32 2.01 0. 453 0. 454 1.00 1.05 0.167 0.157 —0.151 —0. 063
pP-23 6 5. 69 5.02 0. 130 0. 131 2. 96 0. 159 0. 0810 —0.418 —0.021
P-24 30 4. 50 4. 03 0. 149 0. 150 2.51 2.25 0. 0877 0. 0729 —0.313 —0.032
P-25 30 3.29 2.95 0.198 0. 199 1. 64 1.45 0. 0920 0. 0770 —0.213 —0.015
P-26 30 4.16 3.72 0. 200 0. 200 2.01 1. 90 0. 0863 0. 0867 —0.259 —0.010
¢) 1600C
Q-1 5 3.05 2. 60 Q. 297 0. 298 1.27 1.28 0.0833 0. 139 -0. 183 —0. 046
Q-2 4 1. 83 1. 58 0.294 0. 295 0.718 0.725 0. 0765 0.117 -0.120 —0.041
Q-3 4 3.05 2. 64 0. 131 0.131 1.26 1.21 0. 0784 0. 0661 —0.233 —0.017
Q-5 5 2.11 1. 80 0. 200 0. 201 Q. 768 0. 800 0. 0483 0. 0829 —0. 142 —0.022
Q-6 12 3.59 3.10 0. 199 0. 200 1.54 1. 47 0. 0957 0. 103 —0.233 —0.028
Q-7 12 4.33 3.75 0. 0988 0. 0992 1.72 1.79 Q. 0955 0. 0596 —~0. 309 —0. 007
Q-8 6 2.33 2.03 0.195 0.196 0. 867 0. 911 0. 0635 0.0844 —0.161 —0.021
Q-9 6 2.31 2.00 0. 293 0. 294 0.911 0. 915 0. 0844 0.121 —0.134 —0. 031
Q-10 6 1.72 1.52 0. 0989 0. 0991 0. 648 0. 0393 -0.132 —0.012
Q-11 6 171 1. 51 0. 150 0. 150 0. 648 0. 639 0. 0393 0. 0555 ~0. 100 —0.010
Q-12 6 4.13 3.57 0.148 Q. 149 1.79 0. 0876 Q. 0815 —0. 266 —0.029
Q-13 6 4.03 3. 47 0. 200 Q. 200 1.79 1.70 0. 0815 0. 105 —0. 243 —0.024
Q-14 6 4. 60 3.9 0. 148 0. 149 1.92 2.02 0.131 0. 0876 —0. 295 —0.026
Q-16 6 3.50 3.01 0. 247 0. 248 1.52 0. 0987 0.122 —0.210 —0.044
Table 4. Interaction parameters in Fe-$-O system.
) £0)
temperatlure € %
measured b measured <
—0.15 - —0.27 0.057% —0.30
1 500 ([%S)=1.3~3.0) 0.012% 014 ([%01=0.04~0. 11) :
, —0.15 a - —0.29 0. 058° —0.30
1550 ([%S]=b. 6~3. 0) 0.003 0.15 ([%01=0 61~0. 16) .
—0.16 a _ -0.28 aqd —~0.32
1600 ([%S]=0. 6~2.0) 0.009 0.14 (%01 =0 as—0. 14 0. 038

a: probable error of measured ¢g ¢S and egt®
¢ : calculated by equation(i5) with measured eg ¢S
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Fig. 13. Effect of sulphur on the activity coef-

ficient of oxygen in liquid iron at 1 500, 1 550 and
1 600°C.

kKt TOEREY Table 3 wWid. &2 & log K, i1
T Table 2 WRINTLBD T Table 3 D&

EfEH SN REHAT log f RESh, FoEY
Table 3 w3, log f§° & [(%S] OE4{E% Fig. 13

b : calculated by

equation(15) with measured eg(9?

Wi, HRED LR S Y 5 EEODE D S
HIERBMAREL ¢ 2@ ok, FhboofEs Table 4
WRT. WHIRE SR OBEOE R Z WP EE B 2 L
5.

ek BITEBERBEN G k2T & Fig. 13 o@
o DX TR T yD b H ok, Chrfiis
BEOEGAOHEEIFRAC I 23D THEDH, HB4
RHELORETCH2O»TATHBH, EA L LE
X CEBRBENMEVS DR DOWTDA Table 3 iR L
fe.

KT 1600°C ksl 5 €6’ oW TR BIEE &
OHEER ool LOERY Fig. 14 wiRid. &
ERIERERE YAV Fiscaer 51920 CO-CO,
AN AW LS ScrENck LMWDEX D HK EH20{HE
L BIE TR boFROME L feofe. K ESH$ HS-

— 60 —



BHEPOMBELREORGR 1735

0 T T T
5 Hilty etal®and
- Taylor etal " —
el -ons
o | _
-
g 1600°C all  ef> -
- | Fischer etal.?® -0.12
| 2 Fischer etal’® -0.04
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Fig. 14. Comparison of the effect of sulphur on
the activity coefficient of oxygen in liquid iron.
(1,2 : by a solid electrolyte 3 : by the equilibria of
reactions between liquid iron and GO-CO, gas
mixture 4 : by the equilibria of reactions between
liquid iron and H,S-H,O-H, gas mixture 5 : by
combining the effect of sulphur on the solubility
of oxygen in liquid iron with the solubility of ox-
ygen in liquid iron at 1 500 and 1 550°C)
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Fig. 15. Effect of oxygen on the activity coeffi—

cient of sulphur in liquid iron at 1500, 1550
and 1 600°C.

H,O-H, iB& # A FAVCTHE L TS0 7 A= VIR
B LT EAKRRgE S R s, i Hiry B2NIE
YDOBEBBET R LIETHEOBELHE LT\5.
CEESY TavLor BWDRIE LBk ORI M
LB G B TRDI €8 DfEix Fiscuer LOFERI
SV, Lo LSRR A 7 A BT A 8Tk ks & 7o o7k
R IDHDOERBCEREYXDOIDLELDLRS.

3.3-4 BEHHOMEOERITK LFTHROPE

&8 L log K, 133 Tic Table 2 WREATVHD
‘¢ Table 3 DAREMEE &1z (149)XHEHT log /&
NB LKL, “hb% Table 3 wWiRd. log f§ &
(%01 % Fig. 15 1cind. FRE S L CRORA
BB EBROFE, CHEFREMRH & 28 bRt
Zh 5% Table 4 @R

WaGNER®Y. i, j APMERFEORECDH o B
IR TR OB RIOHEERBGRE & 12 &Y
LWC ERR LI, 575 & & e ot
(15) RT3,

e =e> Mg/ Mo— (Ms/Mo—1)/230 =oooo- - (15)
ST Ms, Mo B hZPhiEEBEROKTETH
%. Table 4 ik (15) KA LOFEM SR Lichd, BE
L FHEETE T X —F L.
log £ BBEEENMEVICHDZOENRN I VWOT

e DEEXRDDZ ENLTHLWEHEShD. KL

2T AR L RO Y KB ieofkeh log [ &
CIELOENH D e OEIXRD T IgL. LB
WNIEE I FHEE LW olekd L B bhb.
F D1 ARG TR BB R B ER O HED HE 5
i e Ofixs) 0.15 L1, (15K X hed® Offirk
W, ThEBEV AR EEXA3), )RR ALT
FEREEBEYHE L, oEMICHBEOTINEEY
EHTERYR o0t FOFKER, log [ KITEDH
DENRDH BN, [%O0]&OEITIIITIEFEBEIRMNHZ N
iz, Lo LEEDS 2 FECERE LT 503 % LD
5ichEHEOFHER S hoThic. TO/EY
Fig. 4, Table 3 w&¥TRLE. B bhicg e,
e DOEFERFETFEHEEROBRTITIT—E L.

Table 4 1TIXB b 6, 6 ODEOEFRHRED
PR Licndy, ZOEREORED SR 1500~1600
oC T & 1 —0.15, ¢ : —0.28 ¥ it = —19.4,
e —17.7 LERTHONTELEELD.

4. & El

B oMK L BEOHAIER 2RO 5 B THE &
H,S-H,0-H,-Ar {B& » 2 & O RGO TFEES R % Eoum
EHIFA FAGTRD. FHOBEATNAXBVWSHER
VLENLEL, BMREEFAS I SR S B DT, HS-H,
& HO-H, oFRBEHHA HWTETOmEE T TV
HInOEEL RN, B clEEExAHe THRA L
fo. DT h-ERrrT.

(1) B8ks HS-H, B&# = & ORILOFHEARIL
1 500~1600°C THD XL H5KERTZ ENTEI.

H,(g) + S =H,S(g)
log K,(=Py,s/Pu, @s) = —1169/T—1.963
¢S = —120/T+0.017

(2) %L H,O-H, EE 7 A LORIEOFEBIR
13 1550~1650°C THRD X 5 IFE T LN TE .

H,(g) + O =H,O(g)
log K,(=Pu,0/Pu,a0)=7012/T—3.203
e = —1402/T+0.57

(3) Fe-S-O ZRoOPEME (L), (2)THLALE
2 SCEDFHE & DEA RN D 1500~1600°C D
BERE CHEIERB R S : —0.15, ¢ : —0.28%
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