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Abstract. Ammonia known as harmful gas that could impact on health and environment.
Typically, ammonia gas emitted by fertilizer industry, rubber factory, etc. There are many
options for advance industry to control ammonia gas pollution, absorption tower using water
scrubber and using activated carbon as adsorption reaction could be an option. But for middle-
and lower-class industry, it is common in Indonesia, as seen on many rubber factories, ammonia
gas pollution is serious problem to control, actually they have used wet scrubber but eficiency is
lower about 47%. This study measure performance for ammonia elimination as gas pollutant
using absorption tower and adsorption tower in laboratory scale. Using electrochemical gas
sensor, we measure both ammonia concentration for inlet and outlet simultaneously to settle
saturation point of these two types of ammonia emission control. In conclusion, Ammonia
absorbed in water proportional to saturation time and absorbent volume. Highest absorbed
ammonia concentration 1.538 mg/L on 4000 mL absorbent. For Adsorption system, saturation
time proportional and correlated to adsorbent weight and Adsorption capacity reverse correlated
to adsorbent weight. Optimum adsorption point can be achieved from intersection curve between
saturation time and adsorption capacity which is 1200 grams adsorbent. Keywords: ammonia,
emission control, saturation point, absorption tower, adsorption reactor

1. Introduction

Ammonia in air was a major pollutant that could impact negative effect for environmental and human
health (Behera et al. 2013)(Sundblad et al. 2004)(Aldridge, Tranah, and Shawcross 2015). Typically
ammonia gas emitted by fertilizer industry (Goebes, Strader, and Davidson 2003)(Balasubramanian et
al. 2015)(Sheppard, Bittman, and Bruulsema 2010), livestock production (Martinez-Lagos et al.
n.d.)(Webb et al. 2005)(Mufioz et al. 2016) and rubber industry. Generally, ammonia in industry emitted
from raw material and supporting material that contains ammonia on its production process. On crumb
rubber industry, ammonia came from raw material that contain protein dan degradated into ammonia
(Atagana*, Ejechi, and Ayilumo 1999). Closer look in this industry, commonly they have air pollution
control like wetscrubber (Zakeri et al. 2011), but in very low efficiency. Low efficient wet scrubber
mean ammonia elimination not yet optimum. Ammonia can be eliminated using both absorption or
adsorption system, commonly adsorption can utilize activated carbon and zeolit. Granular activated
carbon effectively eliminate polutant like VOCs, toluene and ammonia (Cheng 2008)(Balanay,
Bartolucci, and Lungu 2014)(Goncalves et al. 2011). This is preliminary study in air pollution control
in crumb rubber industry, within laboratory scale to study ammonia degradation pattern both in
adsorption and absorption system, analyse each efficiency, and determine influenced variables.

2. Experimental Details

Main idea of this study is evaluating ammonia air pollution control using adsorption tower and
absorption tower in laboratory scale. Ammonia vapour made by diluting 20 mL 25% liquid ammonia
into 2000 mL water. This solution then placed in gas container in room temperature. Ammonia vapour
then pumped in stable flow rate, 2 litres per minute for absorption process and 5 litres per minute for
adsorption process. Absorption process in this study using 1000 mL, 1500 mL, 2000 mL, and 4000 mL
absorbent variation, which is water as absorbent. In other process, adsorption process in this study using
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granular activated carbon with weight variation from 500 g, 1000 g, 1500 g, and 2000 g. Entire system
setup shown in figure 1.
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Figure 1. Instrument Setup for Measurement

Inlet and outlet ammonia measured directly using electrochemical based sensor. Each data analyze every
5 minutes average to determine saturation time. Saturation time shown from equilibrium state of inlet
concentration and outlet concentration, while absorbed ammonia analyze with standard method.

3. Result and Discussion
We conduct four absorbent volume variables for absorption simulation, which is (A) 1000 ml, (B) 1500
ml, (C) 2000 ml, and (D) 4000 ml Each A, B, C, and D then absorbed with ammonia stream counter
current (Wacunzo 2014), from gas container in steady flow 2 LPM. Saturation plot for each absorption
process shown in figure 2.
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Figure 2. Absorbent Saturation Plot for Each Absorption Process
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Each absorption variation shown different saturation time for ammonia absorption. Higher water as
absorbent volume used, the saturation point need longer time. Saturation time also have linear
correlation with absorbed ammonia in water, shown in figure 3 below.
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Figure 3. Correlation between Absorbed Ammonia to Saturation Time

We conduct four adsorbent weight based variables for absorption simulation, which is (A) 500 g, (B)
1000 g, (C) 1500 g, and (D) 2000 g. Each A, B, C, and D then adsorbed with ammonia stream from gas
container in steady flow 6.5 LPM. Saturation point then evaluated by plotting outlet sensor reading
versus sampling time, shown in Figure 4.

500 gr Adsorben Saturation Plot 1000 gr Adsorben Saturation Plot

—— Qutlet Reading
04 ~—— Inlet Reading

04
03

7
02

sensor voltage
nsor Voltage

1500 gr Adsorben Saturation Plot 2000 gr Adsorben Saturation Plat

Figure 4. Saturation Time for Each Adsorbent Variation

From figure 4, weight variation of granular activated carbon as adsorbent has interfere saturation time
for ammonia elimination. Higher adsorbent weight correlated with longer saturation time. Then,
adsorption capacity can be measured with Freunlich equation (Ng et al. 2017) (Desta 2013). This
adsorption capacity plot to saturation time can be used to determine optimum adsorption condition,
1200g. This plot shown in figure 5.
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Adsorption Efficiency Plot
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Figure 5. Adsorption Efficiency Plot

In conclusion, Ammonia absorbed in water proportional to saturation time and absorbent volume.
Highest absorbed ammonia concentration 1.538 mg/L on 4000 mL absorbent. For Adsorption system,
Saturation time proportional and correlated to adsorbent weight and Adsorption capacity reverse
correlated to adsorbent weight. Optimum adsorption point can be achieve from intersection curve
between saturation time and adsorption capacity. It is 1200 grams adsorbent in this experiment
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