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Rate of Desulphurization from Liquid Iron and Iron Alloys with Hydrogen

Mitsutaka HINO, Shiro BAN-vA, and Tasuku Fuwa

Synopsis:

A study has been made of the rate of sulphur removal from liquid iron and iron alloys, containing carbon,
silicon, phosphorus, vanadium, and oxygen respectively, by hydrogen as a reaction gas at 1 600 °C. The

results obtained are as follows:

1. The effects of alloying elements on the rate of desulphurization depend on the effect of the activity

of sulphur in the liquid iron.

2. The reaction of sulphur removal is of the second—order, and it is considered that the chemical re-
action on the surface of liquid iron is the rate-determining step. The rate of the reaction, Hy(gas) + S (in
liquid iron) =H,S (gas), is expressed by the following equation:

d[%S] _4

where, 4 and V are the surface area and the volume of liquid iron.

3. The apparent activation energy of the sulphur removal is 11.0 Kcal/mol.

4. The surface active element decreases the rate of desulphurization markedly. A mechanism of sulphur
removal from liquid iron is proposed to describe the rate of reaction quantitatively, taking into considera-
tion of the effect of the adsorption of the surface active element.
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1 Sight glass 11, Mullite pedestal

2, Gas inlet 12, TInduction coil

3 Fe-Cr wire winding furnace 13  Pyrex glass cap

4. Quartz reaction bulb 14, Coolingc water

5. Molybdenum wire 15. Automatic burette

6. Gas inlet tube (silica) 16. Zinc and cadmium

7. Alumina protecting acetate solution
crucible t7. Magnetic stirrer

8. Alumina crucible 18. Manometer

9. Alumina grains -~ 19. Conec. H,SO,

10. Liquid metal 20. Gas outlet

Fig. 1. Experimental apparatus.
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Fig. 2. Desulphurization curves in Fe-$ alloys
under various partial pressure of hydro-
gen, Vyo+ Var=1500m!/ min, at 1600°
C.
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Fig. 3. Effect of partial pressure of hydrogen on
the rate of desulphurization, Vye+ V=
1500 mi{/ min at 1600°C.
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Fig. 4. Effect of flowrate of hydrogen on the
apparent rate constant of desulphurization
in Fe-S alloys, py,=1latm at 1600°C.
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Fig. 5. Effect of stirring on the rate of desulphu-
rization in Fe-S alloys ¥y,=1 500 m{/ min,
pu,=latm at 1 600°C.
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Fig. 6. Effect of the partial pressure of hydrogen
on the apparent rate constant of desulphu-
rization in Fe-S alloys, Vy,+ Var=1500m!
/ min at 1600°C.
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Fig. 7. Effect of temperature on the apparent
rate constant of desulphurization in Fe-S
alloys, py,= latm.
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Fig. 8. Effect of alloying elements on the ap-
parent rate constant of desulphurization
in iron alloys, py,=latm at 1600°C.
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Fig. 9. Effect of oxygen on the apparent rate
constant of desulphurization in Fe-S-O
alloys at 1600°C.
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Table 1. Change of the chemical composition of alloying element after melting.

Fe-C-S alloy Fe-Si-S alloy
. Carbon content, wt% . Silicon content, wt2%
Heat No. Tm.le Heat No. Tm.xe -

min Initial Final min Initial Final
C 1 291.9 0.44 0.00 Sil 302.2 0.52 0.00
C 2 277.3 1.32 0.23 Si 2 104.6 1.62 1.30
C 3 191.9 2.57 0.70
C 4 198.0 3.98 2.93
C 5 130.6 4.01 3.53
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Fig. 10. Equilibrium vapor pressures of sulphur-
bearing and other gases over liquid iron

at 1600°C.
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Fig. 11. Effect of sulphur on the rate of desul-
phurization, Py,=latm at 1600°C.
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Fig. 13. Effect of alloying clements on the ap-
parent rate constant of desulphurization
in iron alloys, pg,=latm at 1600°C.
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