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Abstract. The nickel mining industry can potentially produce SO2 emissions
from nickel smelters. One activity that produces SO2 is mining industry activities
that use coal or diesel as fuel. One province with large nickel resources is Central
Sulawesi, which is precisely in Morowali Regency, Bahodopi District. The re-
sults of measuring the concentration of air pollutant parameters show that the
average concentration of particulate dust and SO2 in the region has exceeded the
quality standards. Based on this, research was conducted by building a prototype
of a Wet Quenching Tower Desulfurizer to reduce SO2 levels discharged into the
atmosphere using the desulfurization method. The desulfurization system is car-
ried out automatically using an Arduino Uno microcontroller, load cell sensor,
and HX711 module, which will detect and activate the ammonium pump and
solenoid valve so that the detected gas can be neutralized using ammonia. The
results obtained with the Ammonium Sulphide Wet Flue Gas Desulphurization
method, the sulfur content in the operation of the Prototype Desulfurizer Wet
Quenching Tower can be reduced by 81.9% using ammonia liquid with a con-
centration of 20%.

Keywords: SO2 emissions, Desulfurizer Wet Quenching Tower, Automatic
Desulfurization, Gas Detector, Sulphur.

1 Introduction

Nickel (Ni) is one of the most sought-after natural resources. Some Ni mining activ-
ities are carried out to meet the needs of industrial companies, and they continue to
increase along with the development of community needs. One province with
enormous nickel resources is Central Sulawesi, which is precisely in Morowali
Regency, Bahodopi District. Nickel is one of the basic components in manufacturing
battery
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stones, electronic devices, medical devices, and a mixture of metal-based tools. The
nickel mining industry can potentially produce SO2 emissions from nickel smelters [1].
Sulfur dioxide (SO2) is waste produced by thermal power plants, such as steam power
plants. This pollutant waste produces very dangerous impacts on human health and the
surrounding environment.[2].

In recent years, sulfur dioxide (SO2) emissions from the iron and steel industry have
attracted worldwide attention. SO2, mainly produced in the sintering process, accounts
for about 60% of annual emissions from iron and steel plants[3].

Emissions from industrial activities and their interaction with meteorology and to-
pography have an impact on fluctuations in atmospheric dispersion that can lead to
increased concentrations of air pollution. (SO2) can be said to be a pollutant that is
harmful to health, especially for elderly people and people who experience chronic dis-
eases of the respiratory and cardiovascular systems that are sensitive to (SO2) even at
relatively low concentrations, for example, 30 PPM or more [4].

SO2 gas can irritate the respiratory system, such as the mucous membranes of the nose,
throat and airways in the lungs. These health effects are worse in people with asthma. In
addition, SO2 is converted into secondary pollutants such as sulphate aero- sols in the air.
In addition, SO2 can also react with other chemical compounds to form sulphate
particles, which, if inhaled, can accumulate in the lungs and cause breathing difficulties,
respiratory illnesses, and even death[1].

Apart from coal, SO2 can also come from coke. Coke is a porous carbon material that
naturally has a higher heating value than coal. There are two main types of coke:
petroleum coke and metallurgical coke. Petroleum coke (abbreviated as pet. coke) is a
by-product of the petroleum refining industry. It is commonly used in power generation
but releases higher SO2 in the air than other sources, in contrast to metallurgical coke or
metallic coke. Met coke and coke oven gas (COQ) are produced in coke oven cham- bers
from coking coal. COG is an energy source and is commonly used to preheat blast
furnaces. In addition, coke can also be made from long-burning lignite coal[5].

With the establishment of very strict emission standards, many countries are trying to
reduce sulfur dioxide emissions. Therefore, many desulfurization methods have emerged
to solve this sulfur dioxide emission problem [2].

Many attempts have been made to offer new methods that can stand alone or be
combined with existing conventional desulfurization technologies, with the same goal,
namely to effectively capture sulfur compounds produced from fuel combustion. SO2
separation methods are divided into several wet, semi-wet (or called semi-dry), and dry-
based processes.

In the wet-based desulfurization method or commonly known as Wet Flue Gas
Desulfurization (WFGD), the most commonly used are wet types such as ammonia,
limestone, and seawater-based techniques. In addition to those mentioned above, there is
another technology known as the ammonium sulfate (AS) process. In the ammonium
sulfate process, ammonia-based flue gas desulfurization (FGD) is achieved with aque-
ous or anhydrous ammonia and converts the absorbed SO2 into plant fertilizer [6].

Wet Flue Gas Desulfurization (WFGD) technology is the most widely used desulfu-
rization technology. Among them, ammonia-based WFGD technology, compared with
other WFGD technologies, is recognized as one of the most popular methods because
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it has higher economic efficiency, more efficient desulfurization process, and useful
by-products, and has been successfully installed and operated in coal-fired power
plants. The desulfurization tower is one of the important components of the WFGD
flue gas desulfurization system. [3].

Research conducted [7] uses an MQ136 sensor to detect SO2 gas and a microcon-
troller in the form of Atmegal6 as a processor and data processor of sensor readings.
By utilizing SMS Gateway, SMS will be sent to several mobile phone numbers if the
SO2 gas level in the air exceeds the threshold. The designed tool is also given an
alarm that will sound when the gas level condition is at the danger level and will only
stop sounding when the SO2 gas is below the threshold.

Research conducted by [8] also used the MQ136 sensor as an SO2 gas detection
sensor. The STM32F4 Discovery microcontroller is used as the controller of the de-
signed system. An RTC module displays data according to the measurement time
when stored in the SD Card. This research also uses an SMS Gateway to send
information on sensor detection results to a cellphone number.

Research conducted by [9] was conducted to remove sulfur compounds using the
extractive-oxidation process method. The oxidation of sulfur compounds from
conden- sate can be carried out with an H202/formic acid system at low pressure and
tempera- ture. By continuing the oxidation process with extraction using DMF and an
optimized process configuration, 95.80% sulfur removal was achieved with a
condensate yield of 99.21.

Research conducted by [4] also uses the MQ136 sensor to detect SO2 gas. DT11
sensor is also added which can detect the temperature and humidity of the air in the
room. Using the ESP32 WiFi module, data from the two sensors is processed and dis-
played on the BLYNK application as a Human Machine Interface. In addition to the
BLYNK application, the data is also shown on a Google Spreadsheet. To set the
exhaust rotating time, Mamdani fuzzy logic is used which takes parameters from the
readings of the MQ136 and DT11 sensors.

In the research conducted by [3], structural optimisation research was conducted us-
ing ANSYS CFX. The flow field distribution was compared under different structural
conditions, and the results showed that the flue gas distribution of the double inlet
tower was more uniform than that of the single inlet tower. This optimized structure is
rec- ommended in designing an ammonia-based wet sintering flue gas desulfurization
tower based on comprehensive analysis. This research focuses more on the structure
of the desulfurization tower.

[10] in their research on desulfurization control systems for steel slag in sintering gas,
the researcher applied a PLC intelligent control system to control desulfurization
operation. Because it is applicable, this unit can widely meet the demand of the desul-
furization industry, especially the desulfurization of sintering machines in the steel in-
dustry. This control system with PLC can be widely applied in desulfurization control
systems, especially sintering machine desulfurization systems.

Research conducted by [11] designed a flue gas desulfurization control system for
ships based on a sodium-alkali desulfurization system. The control system consists of
a process control and monitoring system. Siemens S7-1500PLC was used to realize
the
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process control. The monitoring system consists of a machine-side touch screen and a
remote host computer, which provides real-time monitoring of the system.

Based on the risk analysis conducted [1], data on the achievement of Acute Respir-
atory Tract Infection (ARI) in 2023 was obtained from as many as 55,527 cases; this
data is based on the results of reports from the Bahodopi Health Center.

Based on the data collected above, to reduce SO2 emissions in Bahodopi Sub-dis-
trict, it is necessary to conduct research related to ammonia-based WFGD that can
desulfurize SO2 gas automatically before it spreads out into the atmosphere. With the
prototype in this research, we can experiment with automation systems to control SO2
emissions without having to try directly on the actual plant. The desulfurization
system is carried out automatically using an Arduino Uno microcontroller, load cell
sensor, and HX711 module, which will detect and activate the ammonium pump and
solenoid valve so that the detected gas can be neutralized using ammonia.

2 Method

The observation in this research was conducted at PT Indonesia Ruipu Nickel and
Chrome Alloy (PT IRNC). One of the departments in this tenant is a department that
produces coke with a by-product of hot steam, which can be used as a PLTU turbine
drive.

Fig. 1. PT IRNC, the research observat location.

Coke products that are still in hot conditions will produce harmful SO2 gas, so am-
monia watering is carried out as a way to desulfurize SO2 gas before being released
into the atmosphere.
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Fig. 2. Coke Quenching Tower at PT. IRNC

This research is divided into two stages, namely, the prototype design stage and the
automatic desulfurization system design. In the automatic desulfurization system, the
MQ-136 sensor is used to detect the presence of SO2 gas levels. If the MQ-136 sensor
detects SO2 gas above 1 ppm, the ammonia pump and ammonia valve will be active.
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Fig. 3. SO2 Gas and Coke Detection System Chart
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In addition, load cell sensors are used as detectors of the presence of materials (coke)
entering the Prototype Desulphurizer Wet Quenching Tower. The detection system is
based on the load weight reading method, which aims to ensure that the hot coke that
enters the prototype can be immediately flushed.

The initial stage of creating an automatic desulfurization system is designing and
manufacturing the hardware. The design consists of making wiring diagrams and
designing and making software, including Arduino IDE software used on the Arduino
Uno microcontroller module. The software created has two input parts that will
provide an indication to the microcontroller to output. The results of the control
system design from this study are shown in Fig.4.
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Fig. 4. Block Diagram of Automation System Design
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It can be seen in the block diagram of the automatic desulfurization system that the
MQ-136 sensor is a detector of SO2 gas and becomes an input for the microcontroller.
Then, there is a load cell sensor that detects material in the form of coke that has
mass. 5V adapter as input voltage to activate Arduino, 4-channel relay, HX711
module, and MQ-136 sensor. The first condition is that when the material (coke) is
inserted in the Wet Quenching Desulphurizer Prototype, the water pump and water
solenoid valve are active so that the water will flush the hot coke. The second
condition is that when the MQ-136 sensor detects the presence of SO2 gas, the
ammonia pump and ammonia solenoid valve will be active so that ammonia flows,
which will carry out the desulfurization process.

3 Result and Discussion

After the hardware system is designed and tested, both become integrated desulfuri-
zation control systems. Then, testing is carried out to see the performance of the inte-
gration results. The integration results' physical form has been installed on the control
panel in Fig.5.

Fig. 5. Physical Form of the Automatic Desulfurization System

Testing was carried out to determine whether the desulfurization control system cre-
ated can operate and function properly, with results as shown in the figure below.
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Desulphurization Effectiveness Chart
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Fig. 6. The Effectiveness of Desulphurization Chart

The test results show that the percentage of desulfurization success depends on the
concentration level of ammonia liquid used. The lowest level of sulfur reduction oc-
curred in the test using ammonia liquid with a concentration of 5%. In comparison,
the highest percentage occurred in the test using ammonia liquid with a concentration
of 20%, with a success rate of around 80%. The higher the concentration of ammonia,
the higher the level of sulfur absorption success. However, in the test conducted in
this study, the maximum concentration of sulfur used was only 20%, this is because if
the ammonia concentration is too high, it will actually pollute the air.

4 Conclusion

From the results of this study, it was obtained that with the Ammonium Sulphide Wet
Flue Gas Desulphurization method, the sulphur content in the operation of the
Prototype Desulphurizer Wet Quenching Tower can be reduced by 81.9% using am-
monia liquid with a concentration of 20%. With the prototype in this study, it is
possible to conduct experiments related to the automation system to control SO2
emissions with- out having to try it directly on the actual plant. The desulfurization
system is carried out automatically using the Arduino Uno microcontroller, load cell
sensor and HX711 module, which will detect and activate the ammonium pump and
solenoid valve so that the detected gas can be neutralized using ammonia. The
development of this study is achieved by adding industrial standards controllers and
sensors. In addition, developing applications in residential areas close to SO2
pollutant producers can be one of the focuses.
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