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ABSTRACT

In this work, a Claus reaction furnace was analyzed in a sulfur recovery unit (SRU) of the Abadan
Oil Refinery where the combustion operating temperature is important since it ensures optimal
performance in the reactor, this study focused on temperature of control of 1400, 1500 and 1600
K and excess air of 10, 20 and 30% to improve the reaction yield and H2S conversion. The CFD
simulation was carried out in Ansys Fluent in transitory state and in 3 dimensions, considering
turbulence model k -g standard, energy model with transport by convention and mass transport
with chemical reaction using the Arrhenius Finite - rate/Eddy dissipation model for a Kinetic model
of destruction of acid gases H2S and CO>, obtaining a good approximation with experimental re-
sults of industrial process of the Abadan Oil Refinery, Iran. The percentage difference between
experimental and simulated results varies between 0.5 to 5 % depending on species. The temper-
ature of 1600 K and with excess air of 30% was the best, with one fraction mol of 0.054 of S; at
the outlet and with conversion of the acid gas (H2S) of 97.64%, which is quite good compared to
the experimental one.
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INTRODUCTION

High concentrations of sulfur and nitrogen are pro-
duced in crude oil processing, increasing the formation of
hydrogen sulfide (H2S) and ammonia (NHz). Most of the
H2S is absorbed by the circulation of an amine solution
(DEA process), and much of the ammonia is absorbed,
along with proportional amounts of H2S, in the wash with
water (stripper of sour waters).

Applying a Claus process, the Sulfur Recovery Unit
(SRU) converts H2S present in sour amine gas and sour
NH3 gas to elemental (pure) sulfur. Environmental regu-
lations have become stricter on sulfur dioxide emissions.
One of the main strategies to reduce sulfur emissions is
to increase the performance of sulfur recovery units
(SRU) [1]. The modified Claus process is one of the main
processes that convert toxic hydrogen sulfide into ele-
mental sulfur from acid gas during natural gas processing
and upgrading the refinery [2]. The main reactions of a
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sulfur recovery unit occur in two stages:

A highly exothermic reaction occurs in which a large
amount of heat is released, and a partially exothermic re-
action occurs in which sulfur dioxide (SO2) is produced in
the reactor, and unreacted H2S are burned together to
produce sulfur elements [3]. The modified Claus process
in which hydrogen sulfide is converted to sulfur can be
represented by;

The sulfur recovery in the modified Claus process is
obtained through thermal and catalytic reactions. The
first step is thermal, where one-third of the hydrogen sul-
fide (H2S) is partially oxidized, and Sulfur dioxide (SO2) is
produced at very high temperatures. The second step in-
volves the reaction between unreacted hydrogen sulfide
and sulfur dioxide over a catalytic bed at lower tempera-
tures:
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2H,S + SO, = 1.55, + 2H,0 (3)

The conversion of H2S to SO in the modified Claus
process is carried out in the reaction furnace, which is a
cylindrical vessel with a refractory lining. The acid gas
stream at a pressure typically ranging from 130 to 180
kPa is fed to the reaction furnace burner along with an
appropriate amount of air to oxidize the feed contami-
nates and results in a 2:1 ratio of H2S:SO: in the reactor
effluent. The combustion of acid gases in the RF is car-
ried out in temperature ranges of 975-1300 °C, and resi-
dence times of the gas are 0.5-2.0 s [4]. Another exper-
imental investigation was on the effect of O2 enrichment
on the yield of the Claus process. It was observed that
the rate of COS formation increased with Oz enrichment
due to the availability of higher amounts of CO, while that
of CS; (carbon disulfide) decreased.

A tool that has been used lately is CFD (Computa-
tional Fluid Dynamics), where you can work with the ki-
netics of chemistry and the transport of mass, momen-
tum, and heat, which helps us predict the temperature of
combustion, recovery of sulfur and molar fractions of the
products. The Abadan Oil Refining Company in Iran has
introduced CFD to analyze the effect of O, enrichment on
dry air, combustion temperature, sulfur recovery, and
pollutant production [5].

A current study develops a new reduced kinetic
model for simulating the destruction of acid gases in the
industrial sector in a sulfur recovery unit reaction furnace.
The proposed CFD model includes the reactions of the
new kinetic mechanism and stationary laminar flamelet
model. The relative error of the H2S conversion calcu-
lated by CFD, using the new kinetic model, is 9.48% com-
pared to industrial data [6].

The present work has focused on the effects of the
operating temperature of the Claus reactor and excess
air on the combustion and SRU emission characteristics,
using a kinetic model of acid gas destruction (H2S and
CO02) with Fluent to improve the reaction yield. The ex-
perimental data of a reaction furnace of Abadan Oil Re-
fining Company in Iran was taken as a reference. [7] The
kinetic studies Kinetic Modeling and Optimization of the
Claus Reaction Furnace by Samane Zarei [8] and the
evaluation of kinetic models to simulate Claus reaction
furnaces in sulfur recovery units under different feeding
conditions. This work has the following objective:

1.  Simulate with Fluent the kinetic model of the
destruction of acid gases H2S and CO2 and
mass transfer in the furnace of the Claus
reactor of SRU of the Abadan Oil Refinery. The
novelty of this work is the study of different
control temperatures 1400, 1500 and 1600 K,
with excess air of 10, 20 and 30% to increase
and ensure that more reactions occur in the
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reaction oven, since in other works only
modified operating conditions.

2. Use CFD to improve the reaction performance
by modifying the operating temperature of the
Claus reactor and removing excess air from the
combustion.

METHODOLOGY

The following equations are involved in solving the
problem posed by the physical phenomenon to be mod-
elled: Navier-Stokes Reynolds average equation (RANS),
turbulence model (k —¢) standard, equations of state
and coupled methods; FLUENT 16 TM uses the method of
finite volumes as a numerical method to solve the gov-
erning equations and those mentioned above [9]. The
partial differential equations that describe the phenome-
non of mass transport are the following:

The equation of conservation of mass or continuity.

ap S\
S+ V.(pD) = S (4)

The conservation equation of momentum or the m
mentum theorem in inertial reference frame is;

2 (p9) +V.(p9) = —Vp + V.(?) + pg + F (5)

Where p is the static pressure, Tis the stress tensor,
pg is the gravitational force and F is the external force.

The stress tensor is given by:
T=yp [(va +v5T) - 2v., 171] (6)

Where p is the molecular viscosity, | is the unit ten-
sor and the second term on the right side is the effect of
volume expansion.

Standard turbulence model (k — ¢)

9 9 C ) Ok — e —

S (0I) + 2= (k) = o= | (1 22) 2] + G + Gy — pe = Yy
(7)
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o:/ 0x;

—Cap; (8)

K is the turbulence kinetic energy, € is the dissipation
rate, Gk represents the generation of turbulence kinetic
energy due to the mean velocity gradient, Gy is the gen-
eration of turbulence kinetic energy due to buoyancy.

The above equations are considered in Cartesian
coordinates, Cs, C2, Cs, ok, and o are closure coefficients
and the values of these coefficients are: 1.44, 1.92, 0.09,
1.0 and 1.3, respectively for the standard turbulence
model (K - €) equations 7 and 8 (Launder and Spalding
1972).

The energy conservation equation is given by the
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following expression:

9 N
55 (PE) + 7 - (3(pE +p))

Jj

(9)

where Kerr is the effective conductivity (k + ki, where kt is
the turbulent thermal conductivity, defined according to
the turbulence model being used), and jj is the diffusion
flux of species j. The combustion process in the Claus
reaction furnace was modeled and simulated using Ansys
Fluent to study the influence of furnace temperature and
keep it under control and from excess intake air for sulfur
recovery and pollutant production, The temperatures
used were 1400 K, 1500 K and 1600 K, varying various
excesses of air 10, 20 and 30 %.

The dimensions of the reaction furnace in SRU of the
Abadan Oil Refinery were taken from Abdoli et al. (2018)
and a representation is shown in Figure 1. The inner sur-
face of the reaction furnace is covered by refractory to
protect its wall.

Alr Inlet 501 Inet

Acid Gas Inlet

CH,Inlet -«

Outlet Pressure

Figure 1. Reaction furnace in SRU of the Abadan Oil

Refinery.

The reaction furnace consists of 4 inputs: CHa input,
acid gas (H2S) input, air input are located in the burner
and SOz input is in the reaction furnace, there is a product
output.

For the simulation the walls were assumed to be ad-
iabatic, the mixture was treated as an incompressible,
ideal gas, and there is no slip on the walls.

The furnace produces sulfur, but also oxidizes H.S
to SO.. After the furnace there are catalytic reactors that
produce sulfur from SO, but at lower temperatures than
the reaction furnace. Also at the exit of the furnace there
is a heat exchanger that cools the gases before the cat-
alytic stage.

The study of hydrodynamics and mass transfer was
carried out with CFD tools in Fluent 16.0, which will give
us the profile of products obtained. A computer with 16
GB RAM and an Intel (R) Core™i 7 -2600 CPU was used.

The essential parameters to carry out a study of this
Morales et al. / LAPSE:2025.0266

type were to obtain an adequate mesh that represents
our study area, propose ANSYS models to represent our
process, turbulent model, reaction equations.

Table 1. shows the input operating conditions of the rea-
gents.

Mole Fraction acid gas air 50, CH,
Inlet temperature (k) 35315 463.15 324.15 3113.15
Mass flow (kg/s) 1.338 0.09028 0.25167 3.1025
Species

H, 0.00197 0 0 0
0: 0 0.19291 0 0
H:S 0.68952 0 0 0
$0. 0 0 0.90728 0
H:0 0.147 0.07948 0.09272 0
CH,4 0.00725 0 0 1

Simulation in CFD Preprocessing

Reactor meshing was performed in ANSYS
ICEM software and boundary conditions were also en-
tered into the mesh. The mesh was made with a hexahe-
dral structure with a size of 364456 cells (see Figure 2).

Figure 2. Mesh generated for the reactor.

Processing

The simulation in Fluent version 16.0 was performed
in 3 dimensions, in transient state, using the viscous
model of k — & standard, the species transport model and
for the reaction the Finite-rate/Eddy - Dissipation model.
To simulate the combustion reaction in the Claus SRU
furnace, the following reaction mechanism was followed
[Amer Mehmood, 2020];

H,S + 1.50, > SO, + H,0

2H,S + S0, > 1.55, + 2H,0

CH, + 20, > C0O, + 2H,0

€0, + Hy > CO + H,0

€O + 0.5S, - COS

CH, + 2H,S - CS, + 4H, (10)

The transport equation was solved for each species.

Postprocessing

The profiles and temperature contours were ob-
tained, the profiles of the products will be obtained, as
well as those of the acid gas conversion profiles at vari-
ous temperatures 1400, 1500 and 1600 K with excess air
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10, 20 and 30 %, the mathematical model in Fluent will be
validated with the experimental data.

RESULTS

The numerical results of the simulation are pre-
sented below, Figure 3 shows the behavior of the molar
fraction of Sz along the reactor at a temperature of 1400
K at 10, 20 and 30% excess air at 300 seconds of simu-
lation. The air and acid gas inlets are the same in the re-
actor causing the concentration to increase in the first 2
meters by 0.032 which is where the chemical reaction
takes place the most, the molar fraction of 0.043 at the
exit for 10% excess air and a value of 0.045 for 20 and
30% excess air at 1400 K.

Figure 4 shows the profile of the S2 molar fraction in
the reactor at a temperature of 1500°K with 10, 20 and
30% excess air at 300 seconds of simulation. The con-
centration increases in the first 3 meters up to 0.032 be-
cause it is where the reaction gases come together and
where the greatest reaction takes place and at the end it
has a value of 0.042, for 10% excess air and 0.045 for
20% and 0.046 for 30% excess air at 1500°K.

Figure 5 shows the profile of the molar fraction of S
in the reactor at a temperature of 1600 ° K at 10, 20 and
30% excess air at 300 seconds of simulation. As in the
other cases, the concentration increases in the first me-
ters of the reactor length up to 0.042 and at the exit there
is less reaction and a value of 0.046 is obtained for 10%
excess air and 0.055 for 20% and 0.054 for 30% excess
air at 1600 K. It is observed that there is a greater con-
version of Sz at 1600 ° K and at 30% excess air.

0.05
oy
0]
4 0.04
5 003
5 —e— 10% air
T 0.02
= —a— 20% air
o 0.01 .
s —e—30% air
0
0 5 10 15

Position (m)
Figure 3. Mole fraction profiles of Sz at 1400 K with 10,
20 and 30% excess air in the SRU reaction oven.
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Figure 4. Mole fraction profiles of Sz at 1500 K with 10, 20
and 30% excess air in the SRU reaction oven.
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Figure 5. Mole fraction profiles of Sz at 1600 K with 10, 20
and 30% excess air in the SRU reaction oven.
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Figure 6. Mole fraction profiles of H.S at 1400 K with 10,
20 and 30% excess air in the furnace at 300 seconds of
simulation.
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Figure 7. Mole fraction profiles of H2S at 1600 K with 10,
20 and 30% excess air in the furnace at 300 seconds of
simulation.

The following results show the acid gas (H2S) con-
version profile at the various temperatures 1400, 1500
and 1600 K and with the various excesses of air 10, 20
and 30% respectively. The fluctuations in figures 3, 4 and
5 depend on the reaction turbulence and the equipment
design.

Figure 6 shows the H2S conversion profiles in the
reactor at 1400 K at different air excesses 10, 20 and
30%, it starts with a value of 0.68 molar fraction of acid
gas, after 4 and 5 meters it consumes up to 0.1, and at
the reactor exit it reaches a value of 0.075, with a con-
version of 89.12%, due to the design of the equipment, it
could be raised if there was more contact and turbulence
of the reactants.

Figure 7 shows the H2S conversion profiles in the re-
actor at 1600 K at different air excesses 10, 20 and 30%,
it starts with a value of 0.68 molar fraction of acid gas at
the inlet, after 4 and 5 meters it is consumed up to 0.05
is where the reaction takes place, at the reactor outlet it
reaches a value of 0.03, a conversion of 97.64% is
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obtained, this is similar to the experimental conversion
with a value of 97.98%.

The results are presented only as a function of axial
position (graph 1-D) to analyze the behavior profiles on
action lines in the reactor. No experimental points were
added in the figures to show how the model compares to
reality, because | do not have all the experimental data
from the company, only output results.

The temperature as a function of the molar fraction
of CO2, CO and COS, H20 species with 30% excess air
was the best result, compared with the industrial data of
Abadan Oil Refining Company. Sz, SOz and H20 species
tend to increase at the exit of the Claus furnace, and COg,
COS and CO tend to decrease.

The results of the simulation were compared with
the experimental data of the Abadan Oil Refining com-
pany. Th results of the simulation for 30% excess air and
the experimental data for the species of Sz, SOz, CO, COz,
H20, COS and H-S. The relative error with respect to the
temperature of 1400, 1500 and 1600 K is 0.02, 0.01 and
0.02% respectively.

CONCLUSIONS

In this work, the SRU (sulfur recovery unit) process
was analyzed to improve the performance of the reaction
and sulfur recovery using the CFD tool, a standard k-€
turbulence model, an energy model with convective
transport and mass transport were used. with chemical
reaction using the Finite - rate/Eddy model. - Proposed
model for the destruction of acid gases (H2S and COz).

This work presents a CFD analysis controlling the
temperature and excess air of 10, 20 and 30% to improve
the reaction performance, outlet temperature, sulfur re-
covery. It was obtained a good approximation with the
experimental results of the industrial process of the Aba-
dan Oil refinery, Iran. Control temperatures of 1400, 1500
and 1600 K were analyzed, as well as excess air of 10, 20
and 30% respectively. It was found that at the highest
temperature of 1600 K and at 30 of excess air there is a
higher reaction yield, producing 0.0728 mole fraction of
S2, compared to the experimental one of 0.0709, which
has an error of 2.6 %.

For the conversion of H2S, a value of 0.03 mole frac-
tion was obtained at the reactor outlet compared to the
experimental one, with an error of 4%, a good approxima-
tion to the experimental results of the process. was ob-
tained a conversion of the acid gas (H2S) of 95.64%,
which is quite good compared to the experimental one.
The results of simulation or numerical predictions confirm
that, at higher temperatures and higher excess air, the
acid gas increases combustion and sulfur conversion.
The results confirm that the excess air for combustion
and more than 30% and with a temperature of 1600 K im-
prove the recovery of sulfur and reduce the amount of
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pollutants such as COS and CO2 and CO. The experi-
mental conversion of sulfur was 99.1% and the conver-
sion for the temperature of 1600 K and 30% with excess
air was 99.5% with a percentage deviation of 0.4%, for
the other temperatures of 1400, 1500 with 30% with ex-
cess air conversion was lower with a value of 98%.
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