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Chemical Reaction Rate during Reduction of Iron Oxysulfide Melt with
Hydrogen

Shoji HAYASHI and Yoshiaki IGUCHI

Synopsis :

Iron oxysulfide melt saturated with iron was reduced in Ny-H, mixtures at 1000 ~ 1300°C using a
thermobalance to obtain both chemical reaction parameters concerning deoxidation and desulfurization
of the melt with hydrogen. Gas mixture flow rate of 2~ 41/min was employed to lower mass transfer
resistance in gas phase. Decrement of overall reaction rate using hydrogen diluted by nitrogen (PHZI
0.020~0.30 atm) was of advantage to avoid forming of melt and clarify reaction area.

Both the rate parameters were obtained in consideration of mass transfer resistance in gas phase
estimated by a dimensionless equation. The parameters of deoxidation depended on temperature, not on
oxygen activity in melt of 0.20~0.55, and amounted to nearly one tenth less than those extrapolated from
the results of liquid wustite by earlier workers, while the influence of sulfur diminished with increasing
temperature. The parameters of desulfurization were nearly two orders magnitude lower than those of
deoxidation and rised with increasing sulfur activity in melt of 0.64~0.93 and temperature.

The deoxidation process of wustite in coexistence of the melt showing extremely reaction retardation is
discussed kinematically.

Key words : iron oxysulfide melt; hydrogen reduction; deoxidation rate; desulfurization rate; chemical

reaction parameter ; temperature dependence ; activity dependence ; rate controlling step.
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No. Phys /Py, R Final time (s)

a 0 . 0.27 60
b 2.0X1073 0.06 1030

R : Fractional reduction W : Wustite F : Reduced iron
L : Iron oxysulfide melt

Photo. 1. Photographs in cross section of pure
dense wustite plates (Fe;—, 0, y=0.083) reduced
with Hp-H,S mixtures at 1 000°C (Reference 4).
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Fig. 1. Reduction curves of pure dense wustite
plates with Hy-H,S mixtures ( Reference 4).
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1: Setting position 2 : Isothermal water 3: Steel spring 4 :
Detecting coil 5 : Displacement meter 6 : Recorder 7 : Brass
connection 8 : Silica wire 9: Reaction tube (Mullite) 10:
Heating element (SiC) 11 :Brick 12 :Iron crucible 13: Melt
14 : Pt dish 15: Alumina dish 16 : Stainless steel wire 17:
Muilite fragment 18 : Pt-Pt13%Rh couple 19 : H,S absorbent

Fig. 2. Schematic reaction system.
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Fig. 3. Composition of iron oxysulfide melts.
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melts in a Ny,-Hy mixture.
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a : Before reduction b:1min c¢:5min F :Iron reduced from melt CF : Iron dendrite formed during cooling

Condition : BJ Py, :0.30atm V:2.01/min

Photo. 2. Photographs in cross section after cooling of melts reduced with a No-H, mixture at 1 100°C.
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_ Sh=2.0+ 0.6 Re28c1/3 orrererreceunenninen (4)
Table 1. Condition of reducing gas mixtures and . - B _ _
reaction area after reduction A. I 2T Sh= ked/D, Re= due/pt, Sc = p/pD, D i3
H AR (em?/s), u 3 H 2 DHEE (cm/s),
Temperature Py, Gas flow rate, V A
°C) (atm) (1/min) (cm?) o XN ATE (g/lem®), w3 H A ORERE (g/cm:s)
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TR R TR« P
. —~0. U~o. R Y2l N 4 - oA =N p.=}
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FeS(in melt) +Hy(g)=Fe(s)+H,S(g) -------++- (2)
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Table 2. Experimental results obtained by reduction of wustite plates with Ho-H,S mixtures of 2.0 1/min and
their analysis to investigate rate controlling process for deoxidation.

Temperature 1000°C 1200°C
References
(Phys / Puy) X102 in reducing gas 0 2.0 4.0 0 5.0 7.0 8.0
Deoxidation rate® (g/cm?:s) 2.7%107% 5.6X1077 1.3X1076{6.2X107* 7.9%x1076 1.1x107% 1.4x107%
Sulfurization rate® (g/cm?-s) 0 2.3%1078 5.7%X1077 0 2.8%1077 2.5%1077 4.1x107%
Experimental Final time (s) 820 3284 1938 160 746 954 1016 Thi K
results Fractional deoxidation 0.98 0.058 0.075 0.95 0.23 0.32 0.35 1S wor
Sulfur content {(wt%S) 0 0.028 0.532 0 0.080 0.095 1.59
Thin melt covers wustite surface No Yes Yes No Yes Yes Yes
Chemical ke, 0 (g/cm®-s-atm) 3.2x1074 1.2x1073 This work
reaction * . 0.49 0.75 13)
control Ve=ke,0Puy a0 ™ (g/cm*:s) 1.6x107* 8.9x107*
Diffusion Do (em®/s) 1.4X107° 5.6X107% 29)
control Co* (g/cm®) 0.44 0.69 13) 30)
in melt ! (cm) 0 8.7X1075 1.3x1073 0 4.2%1074 4.8x1074 8.4X107%| This work
Vo=DoCo*/1 (g/em?-s) 6.9%1072 4.8x1073 9.2%X1072 8.0X1072 4.6x1073
b 4.12x1073 3.6X107% 13)
c 1.5x1078 5%x1073 4) 6)

a: The rates are those at final and initial stages for reduction with and without H,S

ao® : Activity of oxygen in melt under equilibrium among iron,

wustite, and oxysulfide melt Py, : Hydrogen pressure in bulk gas phase (atm) Do : Diffusivity of oxygen in melt Co™* : Oxygen content in melt
under equilibrium among three condensed phases [: Thickness of melt estimated from sulfur content b&: Py,g /PH2 in equilibrium among three
condensed phases ¢ : Minimum Py,s/ Py, for the formation of melt during reduction of wustite plate with H2-H2S mixtures
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