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ABSTRACT

Hot-gas desulfurization for the integrated gasification combined cycle

(IGCC) process has been investigated by many researchers to remove

effectively hydrogen sulfide (H2S) with various metal oxide sorbents at

elevated temperatures. Various metal oxide sorbents are formulated with

metal oxides such as Fe, Co, Zn, and Ti. In this article, reactivity of AHI-1

sorbent, obtained from the Research Triangle Institute (RTI), was

investigated. Initial reactivity of AHI-1 sorbent with hydrogen sulfide was

studied in the presence of various amounts of moisture and hydrogen at
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various reaction temperatures. AHI-1 sorbent consists of 20-w% Fe2O3,

10-w% ZnO, and 70-w% spent fluid cracking catalyst (FCC). The

objectives of this research were to study initial reaction kinetics for the

AHI-1 sorbent–hydrogen sulfide heterogeneous reaction system, to

investigate effects of concentrations of hydrogen sulfide, hydrogen, and

moisture on dynamic absorption of H2S into the sorbent, to understand

effects of space time of reaction gas mixtures on initial reaction kinetics

of the sorbent–hydrogen sulfide system, and to evaluate effects of

temperature and sorbent amounts on dynamic absorption of H2S into the

sorbent. Experimental data on initial reaction kinetics of hydrogen sulfide

with the metal oxide sorbent were obtained with a 0.83-cm3 differential

reactor. The sorbent in the form of 130-mm particles was reacted with

1000 to 4000 ppm hydrogen sulfide at 450 to 6008C. The range of space

time of reaction gas mixtures is 0.03 to 0.09 s. The range of reaction

duration is 4 to 14,400 s.

Key Words: Metal oxide sorbents; Surface reaction; Intraparticle

diffusion; Hydrogen sulfide; Coal gases; Gas clean-up; IGCC; Transport

reactor; Gas-solid reaction.

INTRODUCTION

Coal is the most plentiful energy resource in the United States and

continues to be the major fuel utilized by electrical power plants. The coal

resources will become attractive for chemical feedstocks as well as for a

source of liquid and gaseous fuels as petroleum resources become continually

depleted.

Coal is a very complex and heterogeneous material. Effective utilization of

coal requires an understanding of the formation, structure, and purification of

coal. Raw coal consists of minerals and organic matter. The minerals include

primarily pyrites, silicate (quartz, clays), and various minor minerals, whereas

organic matter is composed of carbon, oxygen, hydrogen, nitrogen, and sulfur.

Sulfur in coal is present in organic, pyritic, and sulfate forms. Although the

sulfur occurring in the form of relatively coarse pyrite particles is removed

largely by density separation, very finely disseminated pyrite and organic sulfur

cannot be removed in this way. Sulfur products from combustion not only

pollute the environment, but are also detrimental to combustion systems

because of the corrosive action of their combustion products.

In the gasification process, coal is reacted with steam and oxygen to

produce a medium- to high-calorific value fuel gas. The fuel gas can be

subsequently combusted in a gas/steam turbine combined cycle (IGCC).
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These IGCC-based power generation options offer much higher thermodyn-

amic cycle efficiencies that promise to remove all forms of pollutants released

from a coal conversion process through lower fuel consumption.[1 – 3]

The removal of hydrogen sulfide from hot coal gas produced in the IGCC-

based system by metal oxide sorbents is required to protect downstream

combustion turbines from being corroded with sulfur compounds. The

removal of sulfur compounds from coal gas products is investigated by using

various metal oxide sorbents[4 – 8] and membrane separation methods. Current

investigations show that the removal of sulfur with metal oxide sorbents

appears to deliver the most promising results. The main requirements of these

metal oxide sorbents are durability and a high sulfur-loading capacity during

absorption-regeneration cycles.

EXPERIMENTAL SETUPS AND PROCEDURES

AHI-1 sorbent, obtained from Research Triangle Institute (Research

Triangle Park, NC, USA), consists of 20-w% Fe2O3, 10-w% ZnO, and 70-w%

spent fluid cracking catalyst (FCC). The spent fluid cracking catalyst, obtained

from Rocky Mountain Salvage, Denver, Colorado, contains 0.51-w% Fe,

0.03-w% Zn, 317-ppmw Ni, and 471-ppmw V. Fe2O3 and ZnO are active

ingredients and FCC is a support to impart attrition resistance. The attrition

losses are 1.8 w% for 5 hour, and 3.8 w% for 20 hour, using a ASTM three-

hole air jet attrition tester. The properties of the sorbent are shown in Table 1.

A 0.83-cm3 micro differential reactor was used for experiments on

absorption of H2S into AHI-1 sorbent. The reactor contains typically 0.0058-

cm3 (0.01 g) sorbent. Under the typical absorption condition, the sorbent-

particle bed in the reactor is fluidized.[9] Both conversion of H2S in the

fluidized bed reactor and change in concentration of H2S in the fluidized bed

are almost negligible, since the small amount of the sorbent was used in

Table 1. Properties of AHI-1 sorbent from the

Research Triangle Institute (RTI).

BET area, m2/g 110

Average pore diameter, Å NA

Density, g/cm3 1.7103

Pore volume, cm3/g 0.162

Mean particle size, mm 130

Active ingredients 20-w% Fe2O3

10-w% ZnO
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comparison with amount of H2S fed into the reactor. Consequently, the

concentration of H2S throughout the fluidized bed reactor is almost same and

approximately equal to the feed concentration. The surface reaction rate of

H2S with the sorbent is spatially uniform in the fluidized bed reactor during

short initial absorption durations.

These RTI AHI-1 sorbent particles were reacted with simulated coal

gases containing hydrogen sulfide in the 0.83 cm3 titanium grade-2 micro

differential reactor for 4 to 14,400 seconds at 450 to 6008C. Absorption

amounts of hydrogen sulfide into the sorbent were analyzed with the LECO

sulfur analyzer. The range of space (residence) time of the reaction gas

mixture in the reactor was 0.03 to 0.09 s under the reaction conditions.

A differential reactor assembly mainly consists of four mass flow meters

for gases, one differential reactor, one preheater, one high-pressure liquid

pump for water, one four-way switch valve, one muffle furnace, three filters

for gases, four check valves, and one water collection bottle (Fig. 1). The

differential reactor was fabricated with one 5-cm-long, 1/4-inch titanium

grade-2 tubing and two 1/4-inch external column end fittings. The preheater is

made of 1/1600 Hastelloy C tubing.

Figure 1. A differential reactor assembly.
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The reactor was loaded with 130-mm sorbent particles. The reactor,

loaded with the sorbent particles, was placed inside the muffle furnace to be

heated at a desired temperature. Nitrogen was introduced into the sorbent-

loaded reactor during preheating the reactor. When the temperature of

the reactor reached the desired temperature, a simulated coal gas mixture,

containing H2S, was introduced into the reactor for a desired reaction duration,

by switching nitrogen with the simulated coal gas mixture. The typical

reaction conditions are shown in Table 2.

THEORY

Many researchers investigated absorption capacities of zinc titanate

sorbents[10 – 13] and zinc ferrite sorbents.[9,14] An overall reaction equation for

a gas–solid reaction of spherical particles[11,15] is described, using three

reaction rate-controlling steps, such as mass transfer of gaseous reactants

through gaseous reaction mixtures around solid reactants, intraparticle

diffusion of gaseous reactants through porous reacted shells of solid reactants,

and surface reaction of gaseous reactants with solid reactants (see eq. 1).

Mass-transfer coefficient of H2S through gaseous reaction mixtures,

intraparticle diffusivity of H2S through porous reacted sorbent shells, and

surface reaction rate constant of H2S reacted with a sorbent can be obtained

with eq. 1, when the three rate-controlling steps are significant for overall

absorption of H2S into the sorbent. This equation is developed under the

assumptions that the shrinking core model,[11] an elementary surface

reaction,[6,7,11] and a quasi-steady state are valid.

Table 2. Experimental conditions for the reaction of AHI sorbent

with hydrogen sulfide.

Reactor volume, cm3 0.83

Temperature, 8C 450–600

Reaction pressure, psia 18

Reaction time, s 4–14400

Space time under the absorption conditions, s 0.03–0.09

Mean particle size, mm 130

Amount of sorbent, g 0.005–0.05

Gas flow rate, cc/min at room temperature 250–750

Hydrogen, vol % 0–20

Moisture, vol % 0–20

Concentration of H2S, ppm 1000–4000

Nitrogen, vol % Remainder
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Some researchers[5,12,13] applied the grain model to sulfidation data of

zinc titanate sorbents, obtained from a thermo gravimetric analyzer (TGA).

Their sulfidation experiments were conducted in stagnant gaseous reaction

mixtures around sorbent particles for long sulfidation durations, while those in

this study, were conducted in the fluidized differential reactor for short

sulfidation durations.

2
d rC

R

� �
dt

� �21

¼
CSR2

CG

� �
1

Rkg

2
1

d

� �
rC

R

� �2

þ
CSR2

CGd

� �
rC

R

� �
þ

CSR

CGk0b

� �
ð1Þ

Equation 2 is obtained by neglecting the mass transfer term of eq. 1. In

other words, mass-transfer rates of gaseous reactants through gaseous reaction

mixtures around solid reactants are much higher than both intraparticle

diffusion rates of gaseous reactants through porous reacted shells of sorbent

particles and surface reaction rates of gaseous reactants with reactive sites of

sorbent particles for the development of eq. 2. Equation 2 is applied to the

experimental data to obtain both intraparticle diffusivity values of H2S

through porous reacted shells of sorbent particles and surface reaction rate

constants of H2S with solid sorbent particles. The ratio of the radius of an

unreacted core rc to the radius of the sorbent R, rc/R, is obtained with the

conversion value of the sorbent, as shown in eq. 3.

Both the intraparticle-diffusion term and the mass-transfer term of eq. 1

are eliminated and the resulting equation is integrated in terms of reaction

duration to obtain eq. 4, when surface reaction is a controlling step for

absorption of gaseous reactants into a solid sorbent particle.

2
d rC

R

� �
dt

� �21

¼
CSR2

CGd

� �
rC

R
2

rC

R

� �2
� �

þ
CSR

CGk0b

� �
ð2Þ

rC

R

� �
¼ ð1 2 xBÞ

1=3 ð3Þ

t ¼
CSR

CGk0b

� �
ð1 2 ð1 2 xBÞ

1=3Þ ð4Þ

where

rc radius of an unreacted core

d intraparticle diffusivity of a gaseous reactant

k0
b reaction rate constant

kg mass-transfer coefficient of a gaseous reactant
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R radius of a spherical sorbent

t reaction time

CG concentration of a gaseous reactant

CS molar concentration of a solid reactant

xB conversion of a solid reactant

Both surface reaction of a solid sorbent with H2S and intraparticle

diffusivity of H2S through the porous reacted spherical shell of the solid

sorbent are the dominant controlling steps for overall reaction of the solid

sorbent with H2S during initial reaction periods. Both surface reaction of H2S

with active sites of the metal oxide sorbent and intraparticle diffusivity of H2S

through the porous reacted shell of the sorbent initially control absorption of

H2S into the sorbent. However, absorption of H2S into the porous sorbent is

mostly controlled by intraparticle diffusivity of H2S through the porous solid

sorbent as reaction duration increases. The absorption equation, as shown in

eq. 2, is developed assuming that the surface reaction, an elementary

reaction,[6,7,16] occurs at the interface between the shrinking unreacted core

and the reacted spherical shell of the solid sorbent after H2S diffuses through

the porous reacted spherical shell of the solid sorbent.

Surface reaction of H2S with a solid sorbent also is justified to be an

elementary reaction from the previous experimental data.[16] The surface

reaction of H2S with active sites of TU-24 sorbent in a batch reactor[16] was

found to be first order, with respect to H2S concentrations, and first order, with

respect to sorbent amounts during short initial reaction durations. Several

series of absorption experiments of H2S with TU-24 sorbent in the presence of

H2S with various concentrations and the sorbent with various amounts were

conducted in a batch reactor for the absorption duration of 60 s at 5008C.[16]

An overall reaction rate equation for the reaction of H2S with TU-24 sorbent in

the batch reactor was developed with the experimental data, as shown in eq. 5.

These data indicate that the initial surface reaction of the solid sorbent with

H2S at the interface between the unreacted core and the reacted shell of TU-24

sorbent particle be an elementary reaction. The fact that the surface reaction of

H2S with TU-24 sorbent is an elementary reaction is in agreement with

previous works.[6,7,15,16]

rA ¼ kAC a
A M

b
S ¼ 19:29C 1:08

A M 1:04
S ð5Þ

where

rA reaction rates of H2S, g-mole/cm3/s

CA concentrations of H2S, g-mole/cm3

MS quantities of sorbents, g/cm3
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kA reaction rate constant in terms of disappearance of H2S,

cc(aþb 2 1)/gb/g-mole(a21)/s

a reaction order with respect to concentrations of H2S

b reaction order with respect to quantities of sorbents

cc cm3

CALCULATIONS

Conversion of a sorbent, xB, is calculated by dividing absorption of H2S

into the sorbent with the total absorption capacity of the sorbent. Ratios of the

radius of an unreacted core rc to the radius of the sorbent R, rc/R, are obtained

with conversion values of the sorbent (see eq. 3). Values of rc/R are plotted

against corresponding absorption durations and values of ð2dðrc=RÞ=dtÞ21 in

the left-hand side of eq. 2 are obtained from slope values of this plotted curve

at various corresponding absorption durations.

Values of ð2dðrc=RÞ=dtÞ21 as a dependent variable and values of

ðrc=R 2 ðrc=RÞ2Þ as an independent variable (see eq. 2) are plotted and are

applied to the linear least squares method to find both the value of the slope

and the value of the intercept of this linear curve.

The value of the slope, obtained from the linear least squares method, is

equal to the value of CSR2/(CGd), as shown in the first term of eq. 2. The value

of intraparticle diffusivity d can be computed by substituting the known value

of the slope CSR2/(CGd) with the sorbent radius R, the H2S concentration CG,

and the total absorption capacity of the sorbent CS.

The value of the intercept, obtained from the linear least squares method,

is equal to the value of CSR/(CGk0
b), as shown in the second term of eq. 2. The

value of surface reaction rate constant k0
b can be obtained by substituting the

known value of the intercept CSR/(CGk0
b) with the sorbent radius R, the H2S

concentration CG, and the total absorption capacity of the sorbent CS.

RESULTS AND DISCUSSION

Experiments on absorption of hydrogen sulfide into AHI-1 sorbent were

carried out for 4 to 14,400 seconds at 450 to 6008C (see Table 2) to evaluate

effects of concentrations of components in coal gases, such as H2S, H2, and

those of reaction conditions, such as moisture, temperature, sorbent amounts,

and space time on initial dynamic absorption of hydrogen sulfide into the

sorbent. A typical simulated coal gas mixture consists of 4000-ppm hydrogen

sulfide, 10 volume % moisture, 10 volume % hydrogen, and nitrogen as
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remainder. A typical volumetric feed rate of a simulated coal gas mixture to

the reactor was 500 cm3/min at room temperature and atmospheric pressure.

The temperature of the reactor was controlled in the furnace oven at 450 to

6008C. The pressure of the reactor was maintained at 18 psia. The total

capacity of the sorbent for absorption of H2S was determined with the

experimental data shown in Fig. 2.

Effects of Temperature on Initial Dynamic Absorption of H2S

Experiments on initial absorption of H2S into AHI-1 sorbent were carried

out for 4 to 360 seconds at 18 psia and in the reaction temperature range of 450

to 6008C to find effects of temperature on initial dynamic absorption of H2S

with AHI-1 sorbent. The concentrations of both moisture and hydrogen were

maintained at 10 volume %. The concentration of hydrogen sulfide in the

simulated coal gas mixture was maintained at 4000 ppm.

Initial absorption of H2S into AHI-1 sorbent was affected by absorption

temperature for short absorption duration of 4 to 60 seconds (see Fig. 3).

Equation 2 was applied to the experimental data to obtain surface reaction rate

constants as well as intraparticle diffusivity values of H2S with the sorbent

(see Fig. 4). The detailed procedure on calculating surface reaction rate

constants of H2S with active sites of the sorbent as well as intraparticle

diffusivity values of H2S through the porous reacted shell of the sorbent was

discussed in the calculation section.

Figure 2. Effects of reaction duration on absorption of 4000-ppm H2S on 0.01-g

sorbent with 10-v% moisture and 10-v% hydrogen at 5508C and the space time 0.045 s.

Reactivity of Sorbents 3297
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The range of surface reaction rate constants is 0.29 to 0.98 cm/s. The

range of intraparticle diffusion values is 0.00011 to 0.00137 cm2/s. Both

surface reaction rate constants and intraparticle diffusivity values are affected

by reaction temperatures (see Fig. 5). These observations indicate that

reactivity of AHI-1 sorbent may be dependent on reaction temperature. These

facts also suggest that the controlling steps for absorption of H2S into sorbent

particles are surface reaction of H2S with reactive sites of sorbent particles and

diffusion of H2S through porous reacted shells of sorbent particles. Surface

reaction rate constants decrease with increased reaction temperatures in

Figure 3. Effects of temperature on absorption of 4000-ppm H2S on 0.01-g AHI-1

sorbent with 10-v% hydrogen and 10-v% moisture and the space time 0.045 s.

Figure 4. Effects of temperature on intraparticle diffusivity and reaction rate constant

in the adsorption of 4000-ppm H2S into 0.01-g AHI-1 sorbent with 10-v% H2 and

10-v% moisture at the space time 0.045 s.
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the reaction temperature range of 450 to 5008C, but surface reaction rate

constants increase with reaction temperatures in the reaction temperature

range of 500 to 6008C. These observations indicate that reactivity of the

sorbent may decrease with increased reaction temperature over the

temperature range of 450 to 5008C.

Effects of Moisture on Initial Dynamic Absorption of H2S

Experiments on initial absorption of H2S into AHI-1 sorbent were carried

out for 4 to 360 seconds at 18 psia and 5508C to find the effects of moisture

concentrations on initial dynamic absorption of H2S with the sorbent. The

concentrations of H2S and hydrogen were maintained at 4000 ppm and

10 volume %, respectively. The concentration range of moisture in the

simulated coal gas mixture was 0 to 20 volume %.

Initial absorption of H2S into the sorbent is affected by concentrations of

moisture for short absorption duration of 4 to 60 seconds (see Fig. 6). These

facts may indicate that moisture is not inert for the reaction of AHI-1 sorbent

with H2S. Equation 2 was applied to the experimental data to obtain surface

reaction rate constants and intraparticle diffusivity values of H2S through the

reacted shell of the sorbent (see Fig. 7). The range of surface reaction rate

constants is 0.23 to 0.53 cm/s, and the range of intraparticle diffusivity values

Figure 5. Effects of temperature on intraparticle diffusivity and reaction rate constant

in the adsorption of 4000-ppm H2S into 0.01-g AHI-1 sorbent with 10-v% H2 and

10-v% moisture at the space time 0.045 s.
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is 0.00025 to 0.0015 cm2/s (see Fig. 8). These observations indicate that

reactivity of the sorbent and intraparticle diffusivity of H2S through the

reacted shell of the sorbent may decrease with increased moisture

concentrations. These facts also suggest that the controlling steps for

absorption of H2S into sorbent particles are surface reaction of H2S with

reactive sites of sorbent particles and diffusion of H2S through porous reacted

shells of sorbent particles in the presence of moisture.

Figure 6. Effects of moisture on absorption of 4000-ppm H2S on 0.01-g AHI-1

sorbent with 10-volume % hydrogen at 5508C and the space time 0.045 s.

Figure 7. Effects of moisture on intraparticle diffusivity and reaction rate constant in

the adsorption of 4000-ppm H2S into 0.01-g AHI-1 sorbent with 10-v% H2 and 10-v%

moisture at 5508C and the space time 0.045 s.
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Water is a product of sulfidation reactions of ZnO and Fe2O3. The initial

rate of sulfidation may be affected by moisture, possibly due to inhibition

caused by strong adsorption of water, thereby, blocking diffusion paths as well

as active sites of reaction.[17]

A series of absorption reactions of H2S into AHI-1 sorbent was carried out

in the absence of moisture (see Fig. 6). Equation 4 was applied to the

experimental data to obtain the surface reaction rate constant (see Fig. 9). The

surface reaction rate constant is 2.05 cm/s in the absence of moisture. Initial

absorption of H2S into the sorbent in the presence of moisture is controlled by

both the surface reaction step and the intraparticle diffusion step. However,

initial absorption of H2S into the sorbent in the absence of moisture is

controlled by the surface reaction step only.

The total sulfur absorption capacity of the sorbent is 7.05 w% in the

presence of moisture, whereas the total sulfur absorption capacity of the

sorbent is 9.36 w% in the absence of moisture. These observations also suggest

that moisture poisons reactive sites as well as diffusion paths of AHI-1 sorbent

at the elevated temperature 5508C and affects mechanisms on absorption of

H2S into the sorbent.

Effects of Space Time on Initial Dynamic Absorption of H2S

The absorption equation was developed under the assumption that mass-

transfer rates of H2S between gaseous reaction mixtures around a sorbent

particle and the outside surface of the sorbent particle do not control

Figure 8. Effects of moisture on intraparticle diffusivity and reaction rate constant in

the adsorption of 4000-ppm H2S into 0.01-g AHI-1 sorbent with 10-v% H2 and 10-v%

moisture at 5508C and the space time 0.045 s.
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absorption of H2S into the sorbent. Several series of experiments were

conducted at various flow rates of gaseous reaction mixtures to examine

validity of this assumption.

Eliminating the mass-transfer term of eq. 1 under the following

assumption, develops the absorption equation (see eq. 2). Mass-transfer

rates of H2S through gaseous reaction mixtures around a sorbent particle

are much higher than both intraparticle diffusion rates of H2S through the

porous reacted spherical shell and surface reaction rates of the sorbent

particle with H2S at the interface between the shrinking unreacted core

and the reacted spherical shell of the sorbent particle, since the particle

bed in the reactor is vigorously fluidized. Surface reaction rate constants

of H2S and intraparticle diffusion values, obtained from eq. 2, are

expected to be independent of space times of reaction gas mixtures, since

eq. 2 does not contain the space time term.

Experiments on the effects of space (residence) time on initial dynamic

absorption of H2S into the sorbent were conducted for the reaction duration of

4 to 360 seconds at 5508C and the space time of 0.03 to 0.09 s. The

concentrations of both hydrogen and moisture were maintained at 10 volume

%. The concentration of H2S was maintained at 4000 ppm.

Space time does not significantly affect initial dynamic absorption of H2S

into AHI-1 sorbent in the space time range of 0.036 to 0.09 s (see Fig. 10).

Figure 9. Absorption of 4000-ppm H2S on 0.01-g AHI-1 sorbent with 10-volume %

hydrogen in the absence of moisture at 5508C and the space time 0.045 s.
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These observations suggest that the mass-transfer-controlling step of H2S

through the gaseous reaction mixture may be negligible for adsorption of H2S

into the sorbent in the space time range of 0.036 to 0.09 s.

Equation 2 was applied to the experimental data to obtain surface reaction

rate constants and intraparticle diffusivity values of H2S through the porous

reacted shell of the sorbent (see Fig. 11). The detailed procedure on

calculating surface reaction rate constants of H2S with active sites of

Figure 10. Effects of space time on absorption of 4000-ppm H2S on 0.01-g AHI-1

sorbent with 10-v% hydrogen and 10 v% moisture at 5508C.

Figure 11. Effects of space time on intraparticle diffusivity and reaction rate constant

in the adsorption of 4000-ppm H2S into 0.01-g AHI-1 sorbent with 10-v% H2 and 10-

v% moisture at 5508C.
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the sorbent as well as intraparticle diffusivity values of H2S through the porous

reacted shell of the sorbent was discussed in the calculation section.

The range of surface reaction rate constant is 0.34 to 0.53 cm/s, and

the range of intraparticle diffusivity values is 0.0006 to 0.0011 cm2/s (see

Fig. 12). These observations indicate that reactivity of AHI-1 sorbent may

be slightly affected by space time. These data also indicate that

intraparticle diffusivity decreases with increased space time in the range of

0.036 to 0.045 seconds and is slightly affected by space time in the range

of 0.045 to 0.09 seconds.

Effects of Concentration of H2S on Initial Dynamic

Absorption of H2S

Experiments on the effects of concentration of H2S on initial dynamic

absorption of H2S into AHI-1 sorbent were conducted for the reaction

duration of 4 to 360 seconds at 5508C and the space time of 0.045 seconds.

The concentrations of hydrogen and moisture were maintained at 10-

volume %.

Concentrations of H2S significantly affect initial dynamic absorption of

H2S into AHI-1 sorbent in the H2S concentration range of 1000 to 4000 ppm

(see Fig. 13). Equation 2 is not applicable at the H2S concentration of 1000 to

2500 ppm. In this H2S concentration range, differences between inlet

concentrations of H2S to the reactor and outlet concentrations of H2S from the

reactor are significant.

Figure 12. Effects of space time on intraparticle diffusivity and reaction rate constant

in the adsorption of 4000-ppm H2S into AHI-1 sorbent with 10-v% H2 and 10-v%

moisture at 5508C.
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Effects of Sorbent Amounts on Initial Dynamic Absorption of H2S

Experiments on the effects of sorbent amounts on initial dynamic

absorption of H2S into AHI-1 sorbent were conducted for the reaction duration

of 4 to 360 seconds at 5508C and the space time of 0.045 seconds.

The concentrations of both hydrogen and moisture were maintained at

10 volume %. The concentration of H2S was maintained at 4000 ppm.

Amounts of AHI-1 sorbent slightly affect initial dynamic absorption of

H2S into the sorbent in the sorbent amount range of 0.01 to 0.05 g (see Fig. 14).

Figure 13. Effects of H2S concentration on absorption of H2S on 0.01-g AHI-1

sorbent with 10-v% hydrogen and 10-v% moisture at 5508C and the space time 0.045 s.

Figure 14. Effects of sorbent amount on absorption of 4000-ppm H2S on AHI-1

sorbent with 10-v% hydrogen and 10-v% moisture at 5508C and the space time 0.045 s.
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Absorption of H2S decreases with increased amounts of the sorbent for

the reaction duration 60 seconds, whereas absorption of H2S appears to be

independent of amounts of the sorbent after the reaction duration of

180 seconds (see Fig. 14). These observations suggest that surface reaction of

the sorbent with H2S may be a dominant controlling step for the initial reaction

duration of 60 seconds, and diffusion of H2S through the porous reacted shell

of the sorbent is a dominant controlling step after the reaction duration of

180 seconds. Equation 2 was applied to the experimental data to obtain surface

reaction rate constants and intraparticle diffusivity values of H2S through the

porous reacted shell of the sorbent particle (see Fig. 15). The detailed

procedure on calculating surface reaction rate constants of H2S with active

sites of the sorbent as well as intraparticle diffusivity values of H2S through

the porous reacted shell of the sorbent was discussed in the calculation section.

The range of the surface reaction rate constant is 0.47 to 0.53 cm/s, and

the range of the intraparticle diffusivity values is 0.00058 to 0.00066 cm2/s.

The surface reaction rate constants decrease slightly with increased sorbent

amounts, and the intraparticle diffusivity values increase slightly with

increased sorbent amounts (see Fig. 16).

Effects of Hydrogen Concentration on Initial Dynamic

Absorption of H2S

Experiments on the effects of hydrogen concentrations on initial dynamic

absorption of H2S into the sorbent were conducted for the reaction duration of

Figure 15. Effects of sorbent amount on intraparticle diffusivity and reaction rate

constant in the adsorption of 4000-ppm H2S into AHI-1 sorbent with 10-v% H2 and

10-v% moisture at 5508C and the space time 0.045 s.

Kwon et al.3306

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



4 to 360 s at 5508C and the space time of 0.045 s. The concentration of

moisture was maintained at 10-volume %. The concentration of H2S was

maintained at 4000 ppm.

Concentrations of hydrogen affect initial dynamic absorption of H2S into

AHI-1 sorbent in the hydrogen concentration range of 0 to 20 volume % (see

Fig. 17). Effects of H2 concentrations on absorption of H2S into the sorbent are

more pronounced with longer reaction durations. Equation 2 was applied to

the experimental data to obtain initial surface reaction rate constants and

Figure 16. Effects of sorbent amount on intraparticle diffusivity and reaction rate

constant in the adsorption of 4000-ppm H2S into AHI-1 sorbent with 10-v% H2 and

10-v% moisture at 5508C and the space time 0.045 s.

Figure 17. Effects of hydrogen on absorption of 4000-ppm H2S on 0.01-g AHI-1

sorbent with 10-volume % moisture at 5508C and the space time 0.045 s.
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intraparticle diffusivity values (see Fig. 18). The detailed procedure on

calculating surface reaction rate constants of H2S with active sites of the

sorbent as well as intraparticle diffusivity values of H2S through the porous

reacted shell of the sorbent was discussed in the calculation section.

The range of the initial surface reaction rate constants is 0.29 to 0.53 cm/s,

and the range of the intraparticle diffusivity values is 0.00058 to

0.00101 cm2/s (see Fig. 19). Surface reaction rate constant increases with

hydrogen concentration. Hydrogen is a reactant in the reaction of Fe2O3 to FeS

(Fe2O3 þ 2H2S þ H2 ¼ 2FeS þ 2H2O). Hydrogen also is needed to reduce

the hematite (Fe2O3) to magnetite (Fe3O4) before the sulfidation reaction can

proceed. Increased concentration of hydrogen increases the rate of reduction,

which is a necessary step prior to sulfidation. This may explain why the overall

sulfidation rate increases with H2 concentration.[17]

These facts may indicate that hydrogen affects both surface reaction of

H2S with the sorbent and intraparticle diffusivity of H2S through porous

sorbents. Intraparticle diffusivity of hydrogen sulfide through the porous

reacted shell of the sorbent decreases with increased hydrogen concentration

in the hydrogen concentration range of 0 to 10 volume % (see Fig. 19).

Intraparticle diffusivity of hydrogen sulfide through the porous reacted shell of

the sorbent increases with increased hydrogen concentration in the hydrogen

concentration range of 10 to 20 volume % (see Fig. 19). These observations

may indicate that hydrogen itself changes pore structures of the reacted shell

of the sorbent.

Figure 18. Effects of hydrogen on intraparticle diffusivity and reaction rate constant

in the adsorption of 4000-ppm H2S into AHI-1 sorbent with 10-v% moisture at 5508C

and the space time 0.045 s.
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CONCLUSION

The following conclusions were drawn, based on the experimental data

generated from the micro differential reactor system, and their interpretations,

. Initial reactivity of AHI-1 sorbent is dependent on reaction

temperature. The controlling steps for absorption of H2S into AHI-1

sorbent particles are both surface reaction of H2S with reactive sites of

sorbent particles and diffusion of H2S through porous reacted shells of

sorbent particles.

. Both initial reactivity of AHI-1 sorbent with H2S and intraparticle

diffusivity of H2S through the porous reacted shell of the sorbent

decrease with increased moisture concentrations.

. Initial absorption of H2S into AHI-1 sorbent in the presence of

moisture is controlled by both surface reaction step and intraparticle

diffusion step. However, initial absorption of H2S into the sorbent in

the absence of moisture is controlled by the surface reaction step only.

The initial rate of sulfidation may be affected by moisture possibly due

to inhibition caused by strong adsorption of water, thereby blocking

diffusion paths as well as active sites of reaction.

Figure 19. Effects of hydrogen on intraparticle diffusivity and reaction rate constant

in the adsorption of 4000-ppm H2S into AHI-1 sorbent with 10-v% moisture at 5508C

and the space time 0.045 s.
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. Hydrogen affects both surface reaction of H2S with AHI-1 sorbent and

intraparticle diffusivity of H2S through the porous reacted shell of

AHI-1 sorbent.
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