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Abstract— The reduction, sulfidation and regeneration characteristics of high temperature desulfurization sorbents com-
posed of zinc oxide and titanium oxides have been studied in a TGA reactor. The addition of titanium oxides significantly
reduced zinc oxide reduction and subsequent volatilization of metallic zinc and increased the maximum sorbent operating
temperature. In the temperature range of primary interest(650-750 °C) the conversion for the sulfidation reaction was in-
dependent of reaction temperatures, while the conversion for regeneration was a relatively weak function of reaction tem-
perature. Also, the reaction between H,S and a single cylindrical pellet of zinc titanate sorbent was described by a special
case of the unreacted core model in which the global reaction rate is controlled by mass transfer and product layer dif-
fusion resistances. The temperature dependence of the mass transfer coefficient and the effective diffusivity could be cal-

culated from experimental data.
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Table 1. Experimental conditions for zinc titanate sorbents with TGA

Reduction. Sulfidation Regeneration

Temperature("C) 600-750 °C 600-750 °C
Pressure 1 atm 1atm 1 atm
Flow rate(ml/min) 100 150 70
Gas composition(vol.%)

H, 6.45

H,S 1.82

0, 5.7

N, Balance Balance Balance
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Fig. 1. Effect of flow rate on the reaction rate.
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Fig. 2. Comparison of conversion during the sulfidation reaction of
zinc titanate sorbent.
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Fig. 3. Comparison of regeneration modules of zinc titanate sorbent.
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Fig. 4. TGA reactivity profiles of zinc titanate sorbent for 1.5 cycle
at 600 °C. .

Table 2. Reaction times to complete. sulfidation and regeneration reac-

tions
Range First sulfidation Regeneration Second sulfidation
Temperature (min) (min) (min)
600 °C 33 60 27
650 °C 30 36 24
700 °C 18 12 15
750°C 21 9 15
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Fig. 5. Temperature dependence of the heating rate.

Table 3. Activation energy for high-temperature desulfurization reac-

tions
Reaction Activation energy, cal/mol’
Zn,TiO+2H,S — 2ZnS+2H,0+TiO, 15,290
ZnO+H,S — ZnS+H,0 7,240[20]
CaO+H,S — CaS+H,0 5,160[20]
V;0;43H,8 — V,S$,+3H,0 8,834[20]
MnO+H,S — MnS+H,0 5,690[20]
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Fig. 6. The plot showing mass transfer control regimes for the sulfi-
dation reaction.
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Fig. 7. Temperature dependence of the mass transfer coefficient.
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Fig. 8. Variation of mass transfer, pore diffusion, and chemical reac-
tion resistances with extent of reaction.
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Ay : gas reactant [mol]
b :stoichiometric coefficient, solid reactant [-]
B, : solid reactant [mol]
Cio : molar concentration of gaseous reactant in the bulk gas [mol/cm’]
C.s :molar concentration of gaseous reactant at the unreacted core
[mol/cm’]
Cso : molar concentration of solid reactant [mol/cm’]
D, :effective diffusivity [cm’/sec]
E :activation energy [cal/mol]
F, :diffusion parameter defined in Eq. (21) [sec]
F, :mass transfer parameter defined in Eq. (21) [sec]
F, :chemical reaction parameter defined in Eq. (21) [sec]
: intrinsic surface rate constant [cm*/mel-sec]
- - mass transfer coefficient {cm/sec]
n  :reaction order [-]
R :pellet radius [cm]
: radial distance in the pellet [cm)
r.  :radial distance in the pellet at the unreacted core [cm]

-

reg :regeneration

s :sulfidation

T  :temperature [K]

t  :time [sec]

W :sample weight after reaction [g]

W, :sample weight before reaction [g]

X :fractional conversion [-]

o :diffusion parameter defined in Eq. (10) [sec]
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LSS

: mass transfer parameter defined in Eq. (10) [sec]
: chemical reaction parameter defined in Eq. (10) [sec]
: heating rate [*C/sec]
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