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Crumb rubber is one of Indonesia’s agroindustry export commodities. This industry faces 
environmental problems due to their wastes, both liquid and air. The source of air pollution 
is commonly from drying process that emitted odor from its evaporation and heating 
phenomena. Industry uses wet scrubber technology as air pollution control from emitted 
odor from drying process. Preliminary identification in noncontrolled wet scrubber shown 
that wet scrubber efficiency around 47%. Low efficiency wet scrubbing process causes rain 
drop of water vapor around drying process. This research used electrochemical based sensor 
MICS 5524 as ammonia monitoring instrument, assisted with arduino as microcontroller to 
regulate water discharge through valve controlling scrubbing process. This electrochemical 
based sensor reads ammonia based on voltage reads by Arduino microcontroller. Ammonia 
reading then control scrubbing process by adjusting valve opening for spray water 
distribution. Wet scrubber efficiency increases to 66,96% due to water scrubbing control, 
also can save water utilization as high as 61,90%, followed by absence of rain drop contains 
ammonia around drying process area. 
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1. INTRODUCTION 
 

Rubber as an agroindustry export commodity has 
great contribution for Indonesian trade income. Natural 
rubber also take important role for industry, especially 
manufacturing industry(Barlow, 1983). Mostly,natural 
rubber exports from Indonesia are semi-finished materials 
in crumb rubber with Standard Indonesian Rubber (SIR) 
quality (Anon, n.d.). SIR is the technical specification of 
rubber which is judged on the level of impurities, ash 
content and volatile substances. Energy requirement in line 
with amount of product, high quality  SIR need the more 
energy (Utomo et al., 2010), and generally use the greater 
water in production process(Maulina et al., 2015). 

Crumb rubber factory in general is a process of 
natural rubber from brown crepe or lump to crumb rubber 
with certain specifications in the form of bandella which will 
be a raw material for mixing rubber products such as tires. 
Crumb rubber processing  in physicall process could be 
describe as treatment of raw material, starting from washing, 
chopping, grinding, drying, crumbing and drying 
(Setyamidjaja, 1993).  

Crumb rubber processing provides potential 
pollution of the water and air for environment. They used 
water in washing process until brown crepe grinding, this 
process generates wastewater of washing from the impurities 
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that stick to the raw material of rubber.  Due to its high 
needs of water, this process generate high quantity of 
wastewater that must pass through a Waste Water 
Treatment Plant before being  
Include the numbers, literature or data from the rubber 
processing industry flowed into the river. The main 
pollutant parameters in crumb rubber waste water are BOD 
(Biological Oxigen Demand), COD (Chemical Oxigen 
Demand), and TSS (Total Suspended Solid). The highest 
levels of BOD and COD were 313 mg/l and 928.1 mg/l 
from an acid bath, TSS came from  shreeder at 190 mg/l, 
while ammonia at 38.45 mg/l  from the effluent scrubber 
(Andriani et al., 2019).  

The main air pollutant produced by the crumb 
rubber industry is odor from the drying process. Ammonia 
(NH3) sourced from the decomposition of proteins 
contained in raw materials from fungal/bacterial activity 
(Atagana* et al., 1999). Control of odor in crumb rubber 
industry has been carried out by a wet scrubber. Wet 
scrubber is an effective device to control gas and particle 
contamination from exhaust gas (US EPA, n.d.)(Byeon et 
al., 2012). The type of wet scrubber that is commonly used 
in industry is spray tower(Bhargava, 2017). 

Wet scrubber as a controller of air pollution in the 
rubber crumb industry is some times still far from optimal 
in operation. Ammonia gas released by the wet scrubber 
does not meet quality standards of  KepmenLH No. 50 of 
1996 (> 2 ppm) (Andriani et al., 2019). The effect of this 
ammonia is the emergence of a pungent odor and the 
tendency of the wet scrubber's inefficiency.   

The development of environmental technology, 
monitoring of emissions can be done using sensors(Dong 
Dong et al., n.d.)(Jeong et al., 2012). Low cost sensor types 
are widely used for monitoring ambient air(Popoola et al., 
2018)(Munir et al., 2019), because is lower and simpler 
sensor. Now spreading rapidlly for non regulatory 
application.  

This research as approach in applied research as a 
problem solving in industry, aiming to apply the ammonia 
sensor to assist the wet scrubber in the crumb rubber 
industry. Electrochemical-based ammonia sensor assisted 

not only for monitoring tool but also developed as a control 
instrument integrated with arduino based microcontroller. 
This control device is used to adjust the amount of water 
spray on the wet scrubber, and is expected to improve the 
performance of the wet scrubber by increasing the binding 
efficiency of ammonia. 
 

2. METHODS 
 

Wet scrubber used in experiment (Golsta model 
GS-AS2) has specification as follows : capacity 3 T/H, body 
material stainless steel, 2 scrubbing stage, chimney height 
600 cm and 76 cm diameter with tellerettes packing 
equipped with water circulating pump 10 HP as shown in 
Figure 1. 

 
Figure 1. Wet scrubber existing 

 
Micro-electro-mechanical System (MEMS) sensor 

for amonia (MICS 5524, China). Microcontroller (Mega 
2560, Arduino UNO, China) and raspbery pi, motorized 
ball valve (CWX 15Q, China)   
Procedure 

This research was conducted in two stages, the first 
was observation and the second was application of a sensor-
based control system
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Figure 2. Experimental Setup 
 

Observation of existing wet scrubber was carried 
out by visual observation and exhaust gas quality 
measurement during wet scrubber operation. Ammonia 
concentration of exhaust gas from dryer is measured as well 
as exhaust gas passed through the scrubber. This is done to 
determine the concentration of ammonia in and out of the 
scrubber as well as to determine the initial performance of 
the scrubber  

Application step consists of designing a control 
system, installation in a wet scrubber, and evaluation. The 
design of the control system is carried out in the Center of 
Industrial Pollution Prevention Technology’s laboratory. 
Sensor-based control system, consisting of a sensor, 
microcontroller, raspberry as LCD screen display, 
motorized ball valve. 

The control system is installed on the existing wet 
scrubber by making some adjustments. Installation of 
control devices as shown in Figure 2. 

After installed the control system, measurements 
were made of the concentration of ammonia released by the 
scrubber and the use of water used to absorb ammonia. 

Ammonia outlet concentration data is used as a 
reference to drive the motorized solenoid valve. Controlled 
discharge is measured using valve open and close conditions 

Quality of ammonia inlet and outlet scrubber were 
sampled by using air monitoring sampling standard method 
SNI 19-7119-1-2005 (Anon, n.d.) .  

      The efficiency calculation is done by analyzing 
the readings of the scrubber inlet and outlet using an 
ammonia sensor and data on water use savings are calculated 
from the control valve. And also we can calculate the using 
of spray water. 

 
3. RESULT AND DISCUSSION 

 
Visual observations of an existing wet scrubber in 

the industry showed that there was visible vogs and water 
droplets came out of chimney lead to local rain drop occurs 
around the plant. Spray water is manually pumped from the 
reservoir with a discharge of 0.675 liters/second. 

Measurement results on ammonia inlet and outlet 
scrubber were shown in Figure 3. 
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Figure 3. Ammonia Emission Measurement Data Before Control 

 

 
Figure 4. Trial Valve of Unit Control 

 
(a) 

 
(b) 

Figure 5. Typical Inlet and Outlet Reading After Control (a), Use of Water After Control(b) 
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Average concentration of ammonia inlet were 
1.175 ppm, while concentration outlet was 0.627 ppm. Fig. 
3 showed that more than 50% measurements of ammonia 
emissions were excedded quality standard. An average 
efficiency of wet scrubber was around 47%. The existing 
wet scrubber average efficiency data shows the low efficiency 
of the wet scrubber, compared to the theoretical 
specification of the wetscrubber by 99%(Chien et al., 
2015), besides that in the existing wet scrubber, the 
ammonia tendency to be discharged through the chimney is 
still above the quality standard.  

 Before designing the control system, ammonia 
sensors were verified using ammonia gas containers from 
liquid ammonia vapor, the verification results showed a 
linearity correlation> 0.9. The ammonia sensor verification 
results show the possibility of using electrochemical sensors 
as a monitoring and control tool (Fatkhurrahman and Sari, 
2019). 

The design of the control system uses the following 
mechanism: the sensor reads the concentration of ammonia 
gas in the scrubber. The sensor is connected to the micro 
controller which is drive the motorized solenoid valve to 
regulate the amount of spray water.   

There were three setting control on opening or 
close valve, if the ammonia cons> 0.3 mg / nM3, the valve 
will open 100%, if the cons was between 0.3 - 0.1 mg / Nm3 
the valve will open 50%, if the cons <0.1 mg / Nm3 the valve 
will closed. Ammonia outlet concentration data is used as a 
reference to drive the motorized solenoid valve.   

The design of the wet scrubber monitoring and 
control unit is based on an electrochemical sensor as shown 
in the figure 4. 

Control system that has been made, installed in wet 
scrubber as Fig. 2. Trials of automatic valve control system 
was carried out to see the extent of improved NH3 
absorption efficiency and water use efficiency. Trials were 
carried out 3 hours, from 7 hours the regular production 
process. Controlled discharge is measured using valve open 
and close conditions, with typical data as shown in the 
figure below. 

Using data from Figure 3, we calculate initial 
efficiency of this scrubber by comparing average outlet to 
average inlet concentration of ammonia, that is 47% 
efficiency. Application of water spray controlling using 
Arduino based microcontroller indicate different result 
specifically on outlet concentration of ammonia, as we see 
on Figure 5(a),  no more ammonia reach national standard 
ammonia for emission. The average sorption efficiency of 
ammonia increased by 20% in the range of 66,96% by 
experimental data result as the rate of absorption is 
influenced by the contact area between the absorbing fluid 
and the gas (Maile et al., 2015), when water uncontrolled 
there is less time and area contact between ammonia as gas 
and water as absorbing liquid. We also can reduce the use of 
spray water until 62% during the period of experiment. 
This is in accordance with previous similar studies on the 
use of waterspray for particulate pollutants control which 
can save water use by an average of 59.8% (Fatkhurrahman 
et al., 2017). 
 

4. CONCLUSION 
 

Utilization of electrochemical-based ammonia 
sensors as ammonia emission monitor could be developed 
as assisted control device integrated with Arduino based 
microcontroller to control the use of water spray on wet 
scrubbers. This optimization process can increase the 
binding efficiency of ammonia by 20% from 47% to 
66.96% and can save the use of spray water by 61.90%. 
Saving in water spray directly impact on reducing the 
burden of wastewater treatment. 
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