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Abstract — Incinerator is one of the technologies that applied to treat plastic waste that cannot be reused. A problem that often occurs 

in combustion using incinerators, in general, is can produce exhaust emissions such as SO2 and NO2 that can pollute the environment. 

Single packed tower scrubber is air pollution control technology that used to control exhaust gases SO2 and NO2 from incinerators using 

packing media. Varied size of diameter marble packing media that used is the diameter of 1 cm, 1.5 cm, and 2 cm to determine the effect 

on the efficiency of single packed tower scrubber reactor. Effect of variations packing media on single packed tower scrubber to remove 

exhaust gas SO2 and NO2 was tested by Kruskall Wallis statistical test. Results showed that the diameter of packing media significantly 

affected reactor efficiency with a significant value of SO2 gases is 0.027 and NO2 gases are 0.031. With the condition of packing media 

thickness 60 cm and 1 cm diameter that used, giving a surface area of the wetted media greater than when using the diameter of 1.5 cm 

and 2 cm, so efficiency can increases. The diameter of 1 cm provides efficiency of 54.52% for SO2 gases and 35.86% for NO2 gases. 

 

Keywords — Single packed tower scrubber, Marble packing media, Exhaust gas incinerator, SO2 and NO2 Removal 

 

 
I. INTRODUCTION 

Ambient air quality in the atmosphere that gradually decreases occurred since the onset of excessive air pollution. Air 

pollution can come from various sources of emissions, one of that is a problem of air pollution from immovable sources such as 

incinerators. The incinerator is one of the technologies applied to treat plastic waste that cannot be reused. Problems that often 

occur in combustion using incinerators, in general, are exhaust emissions such as nitrogen oxides (NOx) and sulfur oxides (SOx) 

that can pollute the environment [1]. 

1 kg of plastic combustion with an incinerator that cannot be reused can produce NOx gas emissions up to 2,436 g/kg and SOx 

gas of 0.609 g/kg, that can have an impact on global warming and acid rain [2]. Based on Government Regulation No. 41 of 1999 

about Air Pollution Control, air pollution at immovable sources such as incinerators needs to be carried out to control emissions 

that aim to prevent the decline in ambient air quality. Single packed tower scrubber is one of the air pollution control technologies 

that can be applied. 

Media packing is an important part of single packed tower scrubber to provide surface area for continuous contact between gas 

and liquid [3]. Packing media that used is from a glass material that is marbled because it can provide a large surface area for 

water to absorb dirty gas during contact [3]. This research is an experimental study conducted to determine the effect of diameter 

size of marbles packing media on the performance of single packed tower scrubber in reducing exhaust gas SO2 and NO2 from the 

burning plastic waste in the incinerator. 

 

II. MATERIAL AND METHODS 

A. Scrubber Reactor 

Single packed tower scrubber reactor that used in the study was made from acrylic material because it has corrosion resistance 

and heat resistance. The shape of a reactor is a cylinder with dimensions of 15 cm in diameter, 0.5 cm thick and 176 cm in height. 

A reactor is also equipped with mist eliminator that has functioned as a filter for retaining water in the gas before releasing into 

the environment. Packing media that used was marbles with variations in size of 1 cm, 1.5 cm and 2 cm with the thickness is 60 

cm. Packing media has functioned as a place of contact between the water droplets and the incoming gas [3]. 

Plastic waste is processed by burning using incinerator type of batch. The shape of an incinerator is square and has 1 kg 

combustion capacity with the volume of fuel space is 0.125 m3. Exhaust gases SO2 and NO2 from incinerator combustion that 

enters into single packed tower scrubber reactor is contacted with H2O absorbents that distributed by the sprayer. Single packed 

tower scrubber reactor and incinerator showed in Figure 1. 
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B. Implementation System 

Combustion of plastic waste in incinerator can produce hot exhaust gases of SO2 and NO2. That hot gas is streamed into the 

cooling bath to get the optimum temperature of 50-700C [4]. Then the gas stream into the scrubber with a countercurrent system, 

where the incoming gas is streamed from below with optimum flow rate that entry was adjusted to criteria of 0.1 m/s - 0.3 m/s [4] 

and the incoming H2O absorbent liquid was sprayed from above. H2O absorbents are distributed using a sprayer so that the H2O 

droplets can spread the scrubber chamber. The gas stream from below and water stream from above will contact at packing media 

that varied. Packing media gives the space of the area of absorbent to works absorb dirty gas [3]. Gas measurements are carried 

out on the input and output scrubbers using the Gas Analyzer tool for 30 minutes burning of plastic waste takes place. From the 

results of gas measurements, an influence of variations media packing on SO2 and NO2 removal was tested by Kruskall Wallis 

statistical test. 

 
Fig. 1  Reactor design of single packed tower scrubber 

 

III. RESULT AND DISCUSSIONS 

A. Efficiency of single packed tower scrubber 

Greater the efficiency value produced indicates that the performance of a single packed tower scrubber reactor is getting better 

[5]. The result of efficiency shown in Table 1. 
TABLE I 

EFFICIENCY OF SO2 AND NO2 REMOVAL 

Thickness of packing media Size diameter packing media η SO2 η NO2 

60 cm 

1 cm 54.52 35.86 

1.5 cm 54.33 32.98 

2 cm 48.28 23.47 

x̅ 52.37 30.77 

 

 

Table 1 shows that the performance of the reactor in reducing SO2 gas looks the most effective because H2O absorbent is able 

to absorb SO2 gases from plastic combustion. SO2 and NO2 gas are easily soluble in water, this is supported by several researchers 

who revealed that SO2 gas has a high solubility in water [6][7][8]. Besides being dissolved in water, SO2 and NO2 gases are also 

absorbed by moisture that formed in the reactor. SO2 gases are also very easy to dissolve in dew [6]. It was proven in research that 

reducing SO2 content at the non-dewy condition and dewy condition. The result shows that SO2 gas under non-dewy conditions 

can decrease to 25 ppbv, whereas when dewy conditions SO2 gas decreases to 6.8 ppbv. While the results of the study show that 

SO2 gas has a high water solubility that is equal to 11.29 g/100 gr and NO2 gas solubility of 10.19 g/100 gr so that the decrease in 

gas using water absorbent can be achieved higher. 
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B. Influence of Diameter Size of Marble Packing Media 

Performance of single packed tower scrubber reactor with the variation of marble media 1 cm, 1.5 cm or 2 cm can be seen 

from the efficiency of SO2 and NO2 removal from burning plastic waste in the incinerator. Emission concentration values are 

calculated first in the area under the graph of the input and output graphs. Influence of diameter packing media on the efficiency 

of SO2 and NO2 removal can be seen in Figure 4. 

 

 
Fig. 4 Effect of diameter media on efficiency in single packed tower scrubber reactor 

 

Figure 4 shows the results that the diameter of the packing media has an influence on the efficiency of the single packed tower 

scrubber. 1 cm of diameter marble packing media gives the result is higher efficiency compare of 1.5 cm and 2 cm marble packing 

media. This shows that the diameter of marble packing media is inversely proportional to the value of efficiency, the smaller 

diameter of marble packing media, the higher efficiency that can be achieved [9]. This condition can happen because of the 

smaller diameter of media that used, the smaller porosity value so that it is easier to capture the emissions that pass through it [10]. 

Variation of diameter marble packing media in reactor tube affects the acquisition of the A/V ratio, where the A/V value 

represents which medium packing variable has a greater total area of the reactor [10]. The smallest diameter with 60 cm thickness 

has a larger total surface area. This is reinforced by the results of research by Suryaningtyas (2006) which shows the results that 

smaller size of packing media that used results in a greater A/V ratio. The greater value of A/V ratio means that greater the surface 

area of the interface available for contact between the emission gas and the liquid absorbent. 

Statistical tests were carried out to determine the significant value of the effective diameter of marble packing media on SO2 

and NO2 removal with kruskall wallis statistical test, with a confidence level that used is 5%. The results show that diameter of 

marble packing media which has a significant effect on the efficiency of decreasing SO2 This is indicated by the value of 0.027 for 

SO2 less than α = 0.05 and the value of NO2 is 0,031 less than α = 0.05. 

 

IV. CONCLUSIONS 

Diameter size variation of marble packing media has an effect on the efficiency of reducing exhaust emissions SO2 and NO2 

removal from exhaust gas incinerators. With the condition of packing media thickness of 60 cm and a diameter of 1 cm giving the 

surface area of the wetted media greater than when using a diameter of 1.5 cm and 2 cm so that efficiency increases. A diameter of 

1 cm gives the efficiency of 54.52% for SO2 and 35.86% for NO2. The decrease in exhaust emissions of incinerators using single 

packed towers scrubber with H2O absorbent produced the highest emissions allowance for SO2 with an average efficiency of 

52.37% compared to the average efficiency of NO2 is 30.77%. Results also showed that the diameter of packing media 

significantly affected reactor efficiency with a significant value of SO2 gases is 0.027 and NO2 gases are 0.031. 
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