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Abstract

Processing of sour oil and gas will usually lead to generation of large volumes of acid gases. To produce
sulfur and also prevent environmental pollution, these acid gases shall be converted to sulfur in Sulfur
Recovery Units (SRU). The conversion of these pollutant gases to sulfur hardly exceeds 96% causing
excessive sulfur dioxide to be sent to atmosphere and hence leading to high pollution around
refineries. Tail Gas Treatment (TGT) process can achieve an overall efficiency of more than 99% by
eliminating certain portions of the acid gases present at the tail gas of SRU. The absorber column is the
most important equipment in TGT unit. The main task of this column is selective absorption of H,S in
presence of CO, by means of Amine solutions. In this paper, the absorber column of a typical industrial
TGT unit is simulated and then, the effect of the Amine concentration on the performance of TGT
absorber will be investigated.
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1. Introduction

As mentioned earlier, processing of sour oil and gas can lead to generation of large volumes
of acid gases which are converted to sulfur in Sulfur Recovery Units (SRU) in order to prevent
environmental pollution. Claus is the most conventional process used for conversion of hydrogen
sulfide to elemental sulfur. This process consists of a reaction furnace, a waste heat boiler
(WHB) and a series of catalytic converters and condensers. The overall reaction of the Claus
process is [151

2H,S+0, =S, +2H,0 (1)

In first stage, one third of the inlet hydrogen sulfide to the reaction furnace oxidizes to SO,.

The main oxidization reaction is as follows,

H,$+ 3,0, =30, +H,0 (2)

About 60% of the SO, resulted from reaction (2) reacts with H,S and is then converted to

elemental sulfur.
2H,S+S0, < %S, +2H,0 (3)

In second stage which is catalytic, the un-reacted SO, and H,S react according to relation
(3) and are converted to water and elemental sulfur. The overall recovery of Claus process
hardly exceeds 96% which leads to excessive sulfur dioxide sent to the atmosphere and accor-
dingly high pollution around refineries. To increase the total recovery of sulfur and decrease
the environmental pollutants, Tail Gas Treatment (TGT) unit is incorporated before incinerator of
SRU. In this unit, the Clause tail gas will be processed to recover as much of its sulfur content
as possible. Among several processes used for treatment of tail gases, absorption processes
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with amine solvent (e.g. SCOT process) is more common and have been industrialized in
more places. Figure 1 shows the Schematic diagram of a typical SCOT process 6121,
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Figurel Schematic diagram of a typical SCOT process

SCOT process was first developed by Shell to improve the efficiency of sulfur recovery unit in
SRU. As illustrated in Figure 1, tail gas stream coming from Claus unit, after heating in the
inline burner, enters the reduction reactor in which all its sulfur components including COS,
CS, and SO, are converted to H,S. After cooling the gas, this stream enters the amine absorber
column. H,S enriched stream (rich amine) is routed to the regenerator column (stripper). Lean
amine stream from the bottom of the stripper is recycled to absorber and the gas stream with
high content of H,S from the top of the stripper is returned to the input of the Claus where it
is mixed with Claus acid gas feed. The stream exiting from the top of the absorber (the off
gas of SCOT process) which includes a negligible amount of H,S is directed to incinerator where
it is burned with fuel gas [*1,

In next section, the absorber column of a typical industrial TGT unit is simulated to inves-
tigate the effect of Amine concentration changes on the performance of selective absorption
of TGT absorber column.

2. TGT absorber simulation test runs

In order to investigate the effect of Amine concentration on the performance of TGT absorber
column, a typical industrial TGT unit is studied. The specifications of the Claus tail gas which
is considered as TGT unit feed, is given in table 1. As shown in this table, the main portion of
tail gas is consisting of CO, while the H,S mass percent is just equal with 1%. As described
before, the rich Amine is routed to regenerator column, where in the absorbed acid gases
(i.e. CO; and H,S) are striped and returned to Clause unit. If high concentration of CO, was
absorbed by TGT absorber, there would be some problems in Claus unit such as increase of
the equipment sizes, decrease of the reaction furnace temperature, etc which result in low
sulfur recovery. Therefore, the ideal function of TGT absorber is selective absorption of H,S.

Table 1 Specifications of the input tail gas to TGT unit

Property Value
Temperature 47°C
Pressure 118 kPa
Mass Flow 75400 kg/h
Composition (mass%)

H,S 1

CO, 53.7
H,O 4.95
H, 0.2

N, 40.15




H. R. Mahdipoor, M. Kakavand/Petroleum & Coal 57(1) 56-59, 2015 50

Among conventional Amine solutions, N-methyl-diethanolamine (MDEA) and Diisopropanol-
amine (DIPA) can be used for selective absorption of H,S. In this study MDEA has been
selected as the Amine solution as it is more commercial. MDEA solution with flow rate of
315000 kg/h and temperature of 45°C is entered from the top of the absorber column. In
order to investigate the effect of MDEA presence in Amine solution on the performance of
TGT absorber, Amine solution with different weight percents have been incorporated in several
test runs. Figure 1 shows the changes in H,S in the outlet sweet gas from the top of the
absorber column versus the changes of MDEA mass percent in Amine solution. As illustrated
in this figure, the concentration of H,S is decreased by using more concentrated MDEA solution.
Although the slop of changes in H,S decrease for MDEA concentrations of more than 35-40%, but
it is shown that concentration of below 250 ppm is sufficient in terms of environmental regu-
lations.
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Figure 2 shows the changes in acid gas rich amine loading (moles of H,S and CO, in rich
Amine per moles of MDEA) versus MDEA mass percent in Amine solution. Acid gas loading is
decreased by increasing the MDEA concentration. If this semi rich Amine was used in another
absorber, it would be better to have less acid gas loading. However, for more MDEA concen-
tration, more operating cost is needed.
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As mentioned before, in addition to ppm of H,S in the sweet gas, the ratio between H,S
and CO, is an important parameter to evaluate performance of TGT absorber column. The
changes in H,S/CO, ratio with MDEA concentration is depicted in figure 3. As shown in this
figure, H,S/CO, ratio is decreased with increase of MDEA concentration. Therefore, using
lower MDEA concentration is more appropriate in terms of selective absorption of H,S. Furthe-
rmore, the changes in rich amine temperature exiting from the bottom of the absorber column
against changes in MDEA concentration is illustrated in figure 4.

As shown in figure 1, increase of the MDEA concentration will decrease H,S in sweet gas
indicating occurrence of more reaction between H,S and MDEA. Since this reaction is exothermic,
the temperature of Amine is increased at the bottom of the column (see figure 4). Moreover,
increase of Amine temperature will decrease the absorption of H,S rather than CO,. Therefore,
H,S/CO, ratio is decreased with increase of the MDEA mass percent (see figure 3).

3. Conclusions

The conversion of acid gases to elemental sulfur hardly exceeds 96% in the conventional
Claus units which leads to excessive sulfur dioxide sent to the atmosphere and hence high
pollution around refineries. Tail Gas Treatment unit can achieve overall efficiencies of more
than 99% by eliminating the remained sulfur in the Claus tail gas. The absorber column is
the most important equipment in the TGT unit. In this paper, selective absorption of H,S by
means of MDEA solution in a typical industrial TGT unit was studied. For this purpose, the
absorber was simulated and then, the effect of Amine concentration on the performance of
TGT absorber was illustrated. The results show that a range between 30 to 35 wt% could be
considered as optimum MDEA concentration in terms of maximizing H,S/CO, ratio as well
minimizing the volume of H,S remained in the sweet gas.
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