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Abstract — The sulfidation reaction between,$1and a desulfurization sorbent composed of 1.5 ZnO : 1.9 da@ be
described by the unreacted core model in which the global reaction rate is controlled by mass transfer, product layer diffusion
and chemical reaction resistance. But at a low temperature like beldi€ 68dfidation reaction can be described by the spe-
cial case of the unreacted core model which assumes that the global reaction rate is controlled only by the chemical reaction
resistance. In this work, the reaction rate constants were determined by using this special case of unreacted core model and
apparent activation energy was calculated by the Arrhenius equation. Apparent activation energies were 9,010 cal/mol(ZT01)
and 10,350 cal/mol (ZT02).
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Fig. 1. Shcematic diagram of STA(Rheometric Scientific Ltd.).
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Table 1. Experimental conditions and physical properties of zinc titanate

sorbent
Properties Condition
Designation ~ ZTO01 ZT02 Flow rate 80
(ml/min)
Composition 1.5 ZnO/Ti@1.5 ZnO/TIQ
Additive Kaoline Bentonite Gas compositioft,S 1.88
2.0% 2.0% (vol%o) N, Balance
Particle mean 225x10*  225x10™
size(cm)
BET surface 2.51 3.19 Pressure 1
area(ni/g) (atm)
Pore 3.95x10° 4.66xX10° Temperature 550-600
volume(cc/g) (°C)
Density(g/cnd) 3.02 4.20

H,S+0.667(1.5 ZnO TiO,) — 0.667(1.5 ZnS+TiQ+H,0  (6)
2] (6} 9E3ske] zinc titanatel AIFHEE THESe HITES
2] (7Pl BolstTt

_W()-W,

Xs_ Wf_WO (7)
Wee &8A19] 2715A1015L, Was HF35701H, W(te A7l
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GgAle) Fahrg A9 delEE PAel el He nlwed ®
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Fig. 2. Scanning electron microscopy of fresh zinc titanate.
(a) ZT01, (b) ZTO2
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Fig. 3. Comparison of calculated conversion curves by unreacted core

model with the experimental data for sulfidation reaction of

ZT01.
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Fig. 4. Comparison of calculated conversion curves by unreacted core

model with the experimental data for sulfidation reaction of

ZT02.
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Table 2. Reaction rate constants of zinc titanate sorbents calculated by

oTelzl

unreacted core model

Designation ZT01(cm/min) ZT02(cm/min)

550°C 4.0022x< 1072 3.8642x< 1072

575°C 4.6673x 102 4.8423<107?

600°C 5.4874x 1072 5.5474x 107
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Fig. 5. Temperature dependence of the reaction rate constants for
ZTO01.
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Fig. 6. Temperature dependence of the reaction rate constants for
ZT02.
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Table 3. Comparison of apparent activation energy and pre-exponen-

tial factor calculated by unreacted core model

ZT01 ZT02
Apparent activation energy(cal/mol) 9,010 10,350
Pre-exponential factor(cm/min) 9.85 2191

Table 4. Comparison of reaction rate constants calculated by unreac-
ted core model and mass transfer coefficients calculated by

Frossling eq.
ZT01 ZT02 Mass transfer
Reaction rateconstant(cm/min)  coefficient(cm/min)
550°C  4.0022< 1072 3.8642< 1072 5,518
575°C  4.6673<1072 4.8423x< 1072 5,801
600°C 5.4874x 1072 5.5474x< 107 6,089

Table 31 YelIc) T3k oA e o= gehuke A go]
AA vHeEEE Atk 7P BldAdS HES] 913l Fross-
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77029 WHEE e A (11 7ol XdECh

k=21.91x e 10:350RT  co/min (11)
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JES HA S ouldt}. T3k 550-600°C HlwE We AT
= HelM = Wt SV1EE Seukde] FAATke] A%
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A : pre-exponential factor
A(g) :gas reactant
B(s) :solid reactant

b, ¢, d : stoichiometric coefficient of reaction

Cho : bulk concentration of gaseous reactant [mol/lefigth
Cy :initial concentration of the solid reactant [mol/lerjth
D, : effective diffusivity of the gas [lengthime]

E : apparent activation energy [cal/mol]

f(Xg9 :diffusion function defined by Eq. (4)
g(Xy :reaction function defined by Eq. (4)
m : mass transfer coefficient [length/time]

~

k : reaction rate constant [length/time]

R . radius of particle of pellet [length]

T : temperature [K]

t :time

Xs : fractional conversion [dimensionless]

W(t) :mass of sorbent pellet

W, s initial mass of sorbent pellet

W; : final mass of sorbent pellet

Jgjoj|a 2Xt

a : diffusion parameter defined by Eq. (4) [time]

B : mass transfer parameter defined by Eq. (4) [time]

y : chemical reaction parameter defined by Eq. (4) [time]
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