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The Equilibrium between Sulphur in Molten Iron and

H,-H,S Gas Mixture

Shoji 1KADA, Shoji HavasHi, and Tatsuji UNO

Synopsis:

To determine the thermodynamic properties of sulphur dissolved in liquid iron, the equilibrium in

the reaction

S +H,(g) =H,S(g)

was investigated for the temperature range of 1550~1700°C and sulphur concentration up to about 2

pct., using an induction furnace.

Though these measurements have been done by many investigators, their results have scattered by
such reasons as sulphur segregation in specimens and thermal diffusion of gas mixture.

After the improvement for these many problems to be solved, the following equilibrium relation was

obtained.

log K(=pu,s/pu, @s) = —3200/T—0.863
The activity coefficient of sulphur in molten iron, that is fs, decreased with the increase in sulphur

concentration, however its decreasing rate became smaller with increasing temperature, indicating that

iron-sulphur solution had a tendency to approach on ideal state with increasing temperature.

The relationship among fs, sulphur concentration and temperature was given as follows,

log fs= (—286/T+0.119) [%S].
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1 (H;S+Ar) cylinder 7 Flow meter

2 Hjy cylinder 8 Sodalime

3  Ar cylinder 9 Pt asbestos

4 Bleeder 10 Cu wool

5 CaClz+P; 05 - 11 l\l[g chip

6 KzCr;0;+H2S0, 12 Gas mixer
Fig. 1. Gas purifying system.

T
|

/
#47“7*‘~f;£:ﬁm
(AR
R
-

IT\N
12 © © 10
s el
o = o
14

—3 1

|
\\w

1 Optical pyrometer 10 Induction coil

2  Gas inlet 11 Crucible (A1,03)
3 Glass window 12 Protecting crucible
4 Guide tube 13 AlOj3 powder

5 Cooling water 14 Support tube

6 Brass head 15 Gas outlet

7 Radiation shield (Mo) 16 Melt

8 Reaction tube (5i03) 17 Discharge defense
9 Preheater (Mo) (porcclain)

Fig. 2. Reaction chamber.
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FeS inclusion.
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Fig. 4. Approach to equilibrium by desulphuri-
zation.

Table 1. Approach to equilibrium by sulphurization.
Heating " Time of .. (pu,s/pu,) X103 . E Expected
Run temperature | experiment | Im;;! : : Flsn;l . equilibrium
cc) (hr) i ¢ . Observed | Corrected ¢ S %
. i Il
B-1 1 600 65 | 03 | 216 2:02 | 0.4 0.66
B-2 1600 5.0 ) 0.25 1 1.35 1.27 1 0.32 0.41
B-3 1 600 5.0 : 0.00 0.70 0.67 0.09 0.22
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Fig. 5. Relation between preheating temperature
and K' (Gas flow rate 400 cc/min).
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-



BeEho 4 47 EKE-TRILAKFRREEGESSNR L DOFERH

2325

EAERWEZRELZ EHTES. HlxiE Ban-va LA
SHE L7~ 2.13%x10-8, 5.90%10-3 & HF AL FNL
NABFHETIE 2.13x10-3, 5.937x10-3 L7c5. (1600
°C DEHE) '

WIZHIE S NIIRE N AL pu,s/pn, &FHEA F Uik
& [%S] & oBfRE BGIRE 1550, 1600, 1650, 1700
°C, [% S1 %9 2% F Clt >WTRIE Li-fE#R % Fig.
6 IR L7

DR LEIGE—F bu,s/pu, WHT S [%S5] 5
Tz Enb, O WEEERCRTHELTWZE
Mo b, F£i [%S] o 2T frs/fu, &
[%6S] LREHBR?»S ¥hT 5. ZhidEgdo
1 F O RFHOMEEASEHTE R E2TERI L
BELRL, ZOBAERALRVWLTYWSZ ELLAAY
FRFRC3sIns@ncnws 2 L d3bhr»5s.

(@) X»roEBETENETh,

PAKALT B3, A A 0D MRFHFHETE fs=1 TH
D, £5¥45& K=K' t7%5DT, log K' £ [%S]
Lo AE Fig. 7 Rl THDB E, WHEOMITIEW
ToWEMBGRYED 5. ZoEMER/NDFETKD (%
S1=0 ~D/IBEEHE log K ELNE. BRETD
log K i iRE DT e » 35 L Fig. 8 0 X

-24
—— | 700%C

—o— 1650°%C

-—a-- |1 600T

— 6 o —-o—- | 550°C

[%S]
Fig. 7. Effect of sulphur on log K'.
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Fig. 8. Temperature dependence of log K.
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Fig. 9. Effect of sulphur on log fs.

Table 2. Equilibrium constant and interaction
parameter of sulphur in liquid iron.

°C 1550 1 600 1650 1 700
log K —2.612 —2.576 —2.527 —2.482
e —0.036 —0.035 —0.032 —0.023
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Table 3. Probable error of ¢’ and logkK, e,
and ep, respectively.

°C 1550 1 600 1650 1700
e 0.009 0.013 0.011 0.012
&R 0.013 0.013 0.014 0.015

| O O O o,
—220 5.50 C | 690 C | 6’50 C | 7]00 C
2
-230} %1
-240 |

-250

log A

-260

-2.70 ' ' :
56 55 54 53 52 51 50
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Fig. 10. Temperature dependence of log K.
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1. A. ApacHi, Z. Morita5? (R) 2. 7. Yosan, XK. Sasa-
K18 (H. F.) 3. 7. Yosmir, M. Takamasm1® (H. F.) 4.
S. Bax-va, J. Careman® (R) 5. 7. Yosi, M. Taga-
HasHII®) (R) 6. F. Isau, 7. Fuowall (H. F) 7. F.
Tsuiy, T. Fuwal®? (R) 8. Y. MarsusHIiTA, . Ssxaol?2
(R) 9. This work (H. F.) 10. E. Icmisg, K. Kirao, T.
Moril5? (Knudsen cell mass spectrometer)
H. F. : High frequency heating, R : Resistance heating

T2 mH, R POEIE L < —FK L7 LREHUn
EMDEE T H Ban-va & Cuipman® & 5, T o
ZREROERESE ORI HHD & ikl d &
NEVWOTEHETELERENLLVOPBEKRTHS. &
FREEREPSRBLRVICE VT & BEEIFLTAHLED
THHTEWNRELZZELCHELYAEMEEbh .

2% ) EIERBEBKICE S &FE 15N 5.

il

5. &

RIS EIBE THERT 04 £ v & He-H,S RS W
ADEEERIE Uiz, ER»rHLOMELEE LTA T V1R
WRIREH ADHFEELE, REFNADEGH s EiITO>NT
Mstahnx <, FRSIREE 1550, 1600, 1650, 1700°C,
T4 * U IRER 2% 0&E % CllE L.

FOFER, ZORIGFEIRIRD X SicRbd /.

S +H,(g) =H,S(g)
log K (=pn,s/pu, @s) =—3200/T—-0.863

FEIBHPOA 0 OFEERE fs 13 [%S] i
HUTHEAL TS, BERTOBEESS LD, b
5l BE RS RO HM 2558 Z LA TR L.

= OB,

log f6=(—286/T-+0.119)[% S]

EERbE.

LOERIIFERO DD E XL —F L.
AEMEDFRTE B WTHBIE WA W EETEX
FHBELEYR, AEEXRFEH BEHER, RREARE,
T LTAEEIERF FRRKBZER IO, HRSE L
h: g

o~



Bk 1 A+ 7 LARBE-TRILKEREV A L DOFM

2327

x 13

1) J.Cureman and Ta Li: Trans. ASM, 25(1937),
p. 435
2) wBEH, BEET: #kiM, 28(1942), p. 651
3) J. Warre and H. Skerry: JISI, 155 (1947),
p. 201 :
4) C. W. SuermaN, H. J. ELvanNDER, and J.
Curpman: Trans. AIME, 188(1950), p. 334
5) By #, HmEZ—E: &M, 44(1958),
p. 637
6) HIEHE, o4 AEiE: FIE 19-8131(1966-5 A)
7) WEE H, HARE, FMT: %K 19-8130

8)
9)

10)
1)
12)
13)

14)
15)

(1966-5 A)

HHEH, mEE: ¥R 19-8528 (1967-5 A)
S. Ban-va and J. CurpmMan: Trans. Met. Soc,
AIME, 242(1968), p. 940

HIEHE, B\ FK 19-9038 (1970-1 A)
LHHARTE, TR %#KE 19-9095 (1970-5 A)
WMTEHE, HRIA: gL, 58(1972), p. 1535
BHATER, TREH: &M, 59(1973),

p. S421

—HEIEE: #|%H, (1953), p. 34 [BEEEE]
—WEERE, JeRFEW, HAE: gi, 60
(1974), p. 2119




