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Acidic Water Acidic process water produced by refineries contains some hazardous pollutants such as (H2S and NHs).
Aspen Hysys Acid water extraction units remove both compounds from the water. The removed contaminants are sent
Refienary to a sulphur recovery unit to produce sulphur and avoid any acid emissions contrary to environmental
Pullution regulations. Water pollution is a problem that concerns all people in the world. In view of the importance
Simulation of preserving the environment and water resources, in this research, the simulation of the acid water

treatment unit in the refinery was studied using the Aspen Hysys software based on determining the
appropriate operating conditions. The NRTL electrolyte activity coefficient model was used to predict
the system's thermodynamic behaviour. The simulation results showed that the suitable temperature for
the feed entering the tower is about 38°C and the convenient distance for the trays in the disposal tower
is 0.54 mm. Under these conditions, the concentration of hydrogen sulphide 0.1694 and 0.2418 of
ammonia in the acid gas exiting the tower reaches its maximum at a molar flow rate of the mixture of
about 39.86 kgmol/h, according to the economic considerations of the operating tower.
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Introduction

Oil refineries use large amounts of water for various purposes and metals. In addition, chemicals dosed to control corrosion and
generate significant amounts of ruin. The properties of the biofouling are also set up [1, 2]. These effluents typically consist of
wastewater produced are strongly dependent on the process many types of organic and inorganic compounds that can be
configuration. Refinery effluents contain contaminants such as hazardous to the environment.

cyanide, petroleum, phenols, benzene, sulfide, ammonia, and heavy Several methods have been developed for biology
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treatment of wastewater containing complex organic compounds [3-
10]. The acid water extraction process has become an important
pollution abatement technique due to its focus on regulating
wastewater quality and saving energy [11]. Therefore, the removal of
chemical contaminants such as hydrogen sulfide, carbon dioxide, and
ammonia from wastewater using the steam stripping method is the
focus of research [12, 13].

Numerous developments have been proposed by researchers aim to
improve acid water extraction technology.

Darton [14] and Melin [15] used the single stripper system for the
acid water filter and manipulated the method by modifying its
working parameters. The result of their work showed the CO:
reduction efficiency on a low plate.

In refineries whose operations deal with sulfur-containing raw
materials, the sulfur is released in various units in the form of
hydrogen sulfide. Water containing sulfides is called acidic water,
and the process used to separate sulfide compounds from water is
called dewatering or abstraction. In this process, compounds such as
hydrogen sulfide and ammonium dissolved in water are separated by
steam and heat, and the water is purified. This operation can also be
done by airflow. Acid water is disposed of in refineries and other
industries to purify water containing hydrogen sulfide and ammonia.
In most cases, in addition to the compounds mentioned, this water
also contains carbon dioxide and other impurities [16].

The main objective of the sour water disposal process is to reduce the
ammonia concentration to less than 50 ppm (part per million) and the
hydrogen sulfide concentration to less than 10 ppm. In fact, the
concentration of said impurities in the water must reach such a level
that this water can be reused in the refinery or returned to the
environment as a safe flux [16-18]. In general, the amount of
hydrogen sulfide in water is more than ammonium and this high
potential can make the water very acidic and toxic. If this pollution
is not removed from the water, the amount of water pollution may
become uncontrollable. The water purification process is a simple
process that is done with heat. In the purification tower, heat is
exchanged between the steam and the acid water in the re-boiling
boiler causing its temperature to increase. As a result of chemical
reactions in the tower, compounds such as CO2, H.S, and NHs are
separated from the water. In short, it can be said that the desalination
process takes place through the following steps:

1-Raising the temperature of the acid water until it reaches the boiling
point.

2- Occurrence of reciprocating chemical reactions.

3-Reducing the partial pressure of the gases emitted from the vapor
flow and their exit from the aqueous phase.

Acid water can be supplied from different sources depending on the
complexity and variety of operations in the refinery. One of the main
sources of sour water production in refineries is water obtained from
the top of the atmospheric distillation tower, which is formed by the
condensation of dewatered steam in the distillation tower [3]. H2S is
acidic and is considered one of the types of water pollutants. The acid
water after purification is used in other units of the refinery, such as
the crude oil desalination unit. This purified water, which is no longer
dangerous to the environment, can also be used to wash the area or
appliances in the refinery.

In this paper, the acid water treatment unit in the refinery was
simulated in acid water purification units. Another new process for
ammonia removal and acid gas purification was simulated by
reducing the pH from 9 to 7 and removing phenol with an extraction
solvent under acidic conditions using Aspen Hysys software. The
results indicated that the removal of phenol was more compared to
the old processes [4]. The removal of phenol was studied using
surface adsorption methods [5], [electrolysis [6], and liquid
membrane separation [22]. Considering that the workability is high
and the percentage composition and properties of acidic water are
complex [4], the mentioned methods are not suitable for removing
phenol in water. The proposed methods for purifying sour water are
distillation and extraction [16, 17, 19].

Given the importance of preserving water resources and the

environment, acid water treatment and water reuse are a necessity.
Also, due to the compounds present in acidic water, which mainly
include ammonia, carbon dioxide, hydrogen sulfide, phenols, fatty
acids, etc. [16-17], acidic water in nature cannot be left unpurified.
Therefore, in this paper, the acid water purification process of the
refinery was investigated. The refinery is fed heavy crude oil, acid,
and gas condensate, which are transported to the refinery by
conveyors and pipelines. Refinery products can include high-octane
number gasoline, various solvents, aviation fuel, various petroleum
raw materials, gas oil, fuel oil, liquefied gas, bitumen, and sulfur.
Description of the process

The acid water is treated in two units which are completely identical
in design. The capacity of each is 33 m3h. The task of these units is
to separate hydrogen sulfide and ammonia gases of high
concentration from the acidic water solution produced in other units.
The output of these units is pure water, which is used in the salting
devices of the distillation units. The separated acid gases are also
used as a feed line to the sulfur production unit. The acid water with
a temperature of 38°C first enters the heat exchanger and after the
heat exchange with water enters the drain tower. After separating in
the tower, the sour gas, which contains H2S and NHz and reaches a
temperature of 105°C, enters the receiving tank after passing through
air fans and reducing the temperature and reaching a temperature of
98°C. In this tank, the acid gas enters the sulfur recycling unit from
the top of the tank, and the liquid in it as a stream may also produce
acid water. The acid water produced in different processes is sent to
the storage tank of the unit by the pump. The task of this tank is to
stabilize the feed in terms of percentage composition and separate
possible hydrocarbons with water. In this tank, natural gas and
nitrogen are used in order to create positive pressure and prevent the
release of unpleasant odors into the atmosphere, and prevent ignition.
The return is injected from the bottom of the tank to the top of the
tower. At the bottom of the tower, the water free of H2S and NHs
enters the heated exchangers, and after the heat exchange, it is sent to
the required units.

Process simulation

In this paper, the sour water unit in the refinery was simulated with
the help of Aspen Hysys software. In the sour water purification
process, the main and important processes of the process include the
feed preheated unit and the separator unit (removal tower). Figure 1
depicts the flow diagram of the process [23].
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Fig.1: Process flow diagram of an acid water unit for an oil refinery
The molar ratio composition of the components in the feed stream is
presented in Table 1. The information regarding the feed flow and
tower specifications are provided in the process flow chart in Table
2.
Table 1: Composition of the sour water feed [23].

Component Composition
Hydrogen
sulfide 0.0070
Ammonia 0.0050
Water 0.9880
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Table 2: Stream Condition of the Sour Water Stripper.

Name Stripper Feed Sour gas
Vapor 0 1 0
Temperature [°C] 93.33333 105.3523 124.0309
Pressure [kPa] 206.8428 197.8796 225.4586
Molar Flow [kgmole/h] 18203.36 3.99E+02 17804.74
Mass Flow [kg/h] 328925.4 8.17E+03 320754.1
Std Ideal Lig Vol Flow [m3/h] 331.2241 9.820795 321.4033
Molar Enthalpy [kJ/kgmole] -277990 -153675 -277621
Molar Entropy [kJ/kgmole-C] 70.58481 185.8197 76.22074
Heat Flow [kJ/h -5.1E+09 -6.1E+07 -4,9E+09
The process was carried out unde( rea_tl conditions (information in =f@l—Ammonia =#=Hydrogen Sulfide ==f==\Nater
Tables 1 and 2) in the program taking into account that the purpose
is to purify acidic water, the purity of the purified water is the 1.0000 1.01
validation criterion for the results of the program. g
Results and discussion £ 0.1000 1
According to the operating conditions in the acid water purification a 0.0100 0.99 8
unit, it is during the implementation of the simulation on the program, gc)n — : ‘;‘
we reached some important results that will be clarified in the tables © 'S 0.0010 098 =
) . K s gl . c
and figures that will be presented later: ZE 2
. ) < < 0.0001 097 s
Table 3: Composition Streams of the Sour Water Stripper. o g uw
= 2
Stream Stripper Feed Sour gas Striped water § 0.0000 0.96 §
[T
Hydrogen 0.0037 0.1695 0.0000 2 0.0000 0.95
sulfide §
Ammonia 0.0053 0.2418 0.0000 0.0000 0.94
Water 0.9910 0.5887 1.0000 100 110 120 130
. . Temperature, °C
Table 3 shows the results of the molar fraction on the stream lines of
the purification tower, as well as Figure 2, the amount of energy Fig. 3: The effect of temperature on pollutant concentration
required to operate the purification tower and the heat exchanger
versus flow of sour water.
=== Heat Flow of Reboiler === Duty of Heat Exchanger ==t==Hydrogen Sulfide  ====Ammonia Water
2.60E+07 - g 1.0000
] &
2.10E+07 ] 3 0.1000
2 160E407 =g $F 00100
> ] o ¢
2 110E+07 P - 0.0010
& 5 // TE
6.00E+06 <
4 & o 0.0001
1.00E+06 B T8
1000 2000 3000 4000 5000 P 0.0000
Flow of Sour Water, bbL/D % 0.0000
=
Fig. 2: Energy required for the unit 0.0000
1 2 3 4 5 6 7 8 9 10
Figure 3,4 shows the decrease in the concentration of hydrogen
sulphide and ammonia with the rise in the temperature of the tower _ _ Number of Trays
from the top to the bottom, as well as with the increase in the number Fig. 4: The molar fraction changed along the separation tower
of separation stages, which reach ten stages. This decrease is due to Figure 5 shows the change in the molar flow of gas and liquid through
the high temperatures, as well as the increase in the number of stages. the tower.
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Fig. 5: The molar flow rate changed along the separation tower

From the previous figure, it is clear that the rate of flow increases
with increasing separation stages through the purification tower.
Conclusion

Considering the importance of preserving water resources and the

environment, in this research, the acid water treatment unit in the

refinery was simulated using Hysys Aspen software, and appropriate
operating conditions were determined. In order to predict the
thermodynamic behavior of the system, the electrolyte activity
coefficient - NRTL model, which is shown as ELECTROLYTE-
NRTL in the software, was used to simulate an acidic water treatment
unit. The simulation results indicated that the range of feed discharge
ranged between 58 and 38 m3/h. Also, there is no significant change
in the purification performance of the tower by increasing the inlet
flow rate of the purification tower, while the increase in the flow rate
will lead to an increase in costs per unit cubic meter. Therefore, the
feed flow is recommended to be 38m%h. Also, to increase the
performance of the acid water filtration unit, the distance between the
trays should be 0.54 mm and the temperature of the feed inlet should
be around 40°C. In this case, the composition of the ingredients

coming out of the top of the tower includes 24% ammonia, 17%

hydrogen sulfide, and 59% water vapor.
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