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Abstract - Emission from Industries contains a variety of air pollutants such as PM, SO2, NO2, CO, CO2, NH3, H2etc. 
Control of these pollutants below the emission standards is very much required in order to comply with statuary 
requirements and to achieve sustainable development. Ammonia control is a major issue for many industries like fertilizer 
industry and Pharmaceutical industry etc. and a number of processes are used to bring down the ammonia concentration in 
flue gases. The overall objective of this paper is to review all the control technologies which are used for control of ammonia 
which can be economical & efficient. 
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I. INTRODUCTION 
 
Gaseous ammonia is the abundant alkaline gas in the 
atmosphere & it is also a major component of total 
reactive nitrogen. The large source of ammonia 
emission are agriculture (animal husbandry& NH3 
based fertilizer industry), Industries and automobiles 
etc.[15] Ammonia is a colorless, strongly odorous, 
toxic, reactive   & corrosive air pollutant with adverse 
effect on human, animal & environment .ammonia 
mainly emitted in e livestock cremation, compost 
production, and fish processing.[12] Ammonia has 
been known to play a key in atmospheric chemical 
process   & following deposition in the biochemical 
process that occurs in sensitive ecosystem (forest, 
soils, streams &coastal water).[16] Ammonia can 
cause nose & throat irritation, nausea& respiratory 
tract problems upon inhalation  The increase in NH3 
emissions negatively influences environmental and 
public health as well as climate change. Ammonia 
emission from  livestock facilities, industrial facilities 
or agricultural activities are on increase & the nation 
now focusing on  effective & environmentally 
friendly management strategies  for  ammonia control 
with a view to mitigate concerns over public health 
impacts &  environment.[12] 
The Octber, 1999 meeting of the Air Quality 
Research Subcommittee of the CENR focused on a 
discussion of Federal research related to atmospheric 
ammonia. [16] In that meeting, they provide 
information about ammonia – emissions, transport, 
transformation fate and effects. As a result 
development of feasible technologies for control of 
ammonia emission is necessary. 
Technologies such as absorption by liquids, 
adsorption by solids, catalytic oxidation, incineration, 
scrubbing, bio scrubbing have been used for removal 
of ammonia from gaseous stream.[17]  Incineration is 
an effective approach but it is highly energy-intensive 
and could result in NOx emission. Selective catalytic 
oxidation of ammonia by noble metal catalysts 
reduces the reaction temperature and promotes higher  

 
N2 selectivity. The complex reactor design required 
for the catalytic oxidation, cost of the catalyst, and 
catalyst poisoning make the process less attractive 
when compared to other options. Separation by 
membrane and scrubbing are both effective in 
removal of ammonia but suffer from high capital and 
operating costs. 
 
II.TECHNIQUES FOR AMMONIA CONTROL: 
 
For the control of ammonia following technologies 
are available: 

• Absorption by liquids (with or without chemical 
reaction) 
• Adsorption by Solids (Physical or chemical) 
• Biochemical processes 
• Thermal combustion 
• Catalytic processes 
 
2.1Absorption 
Absorption is a diffusional mass-transfer operation in 
which a soluble gaseous component is removed from 
a gas stream by dissolution in a solvent liquid. The 
concentration difference of the solute between the 
gaseous and liquid phases is the driving force of mass 
transfer. If the driving force is not positive, no 
absorption will occur. If it is negative, desorption or 
stripping will occur.[7] 
 
2.1.1Physical absorption 
In physical absorption, the separation principle is 
preferential solubility of a gaseous component in the 
liquid. It takes use of the remarkable solubility of a 
gaseous pollutant in the solvent, and involves only 
the dissolution process. 
 
Water, water with microorganisms, water with 
NaOHare the absorbing media used for ammonia 
absorption. A study proves that the microorganism 
grew on packing in the packed column, enlarges the 
surface area of pickings and thus enhance the 
absorption efficiency,compared to pure water.[13] 
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NH3 is highly soluble in water so that the system  
must operate at low solvent-to-feed rations (i.e., low 
L/V) to prevent complete mass transfer to the 
liquid.[16] 
 
2.1.2 Chemical Absorption 
In the chemical absorption, the dissolved species 
reacts with the liquid species during its diffusion 
and/or residence in the bulk. Due to chemical 
reactions involved, such an operation is called 
chemical absorption.[10] 
 
Both in the physical and chemical absorption, the 
mechanism by which the species is removed from the 
gas consists of three steps that occur in series: (1) 
diffusion of the pollutant molecules through the gas 
to the surface of absorbing liquid, (2) dissolution into 
the liquid at the interface, and (3) diffusion of the 
dissolved species from the interface into the bulk of 
the liquid.[10] 
 
2.1.3. Scrubbing Liquid 
In Absorption systems, sometimes water is uses as 
the primary absorbing liquid and alsouse a low 
volatility organic liquid. The pollutant can be 
separated from the absorbing liquid and recovered in 
a pure, concentrated form by distillation or stripping 
(desorption). The absorbing liquid is used in a closed 
circuit and is continuously regenerated and recycled. 
Examples of regeneration alternatives to distillation 
or stripping are pollutant removal through 
precipitation and settling; chemical destruction 
through neutralization, oxidation, or reduction; 
hydrolysis; solvent extraction; and pollutant liquid 
adsorption. [9] 
 
Scrubbing liquid choice depends upon its properties 
and the pollutants to be removed from the air. The 
scrubbing liquid can be water, water with either an 
acid like H2SO4or alkaline solution such as NaOH. 
Water can remove many gases emitted from livestock 
facilities, agriculture facilities, pharmaceutical 
industry etc.[7,8] 
 
Sulfuric acid is commonly used as scrubbing media 
for NH3 because of its relatively low cost, and the 
ammonium sulfate which is byproduct of absorption 
has fertilizer value.[14] 
Following reaction can be used to explain the 
chemistry of acid scrubbers for controlling NH3- 
emission: 
 
2 NH3 + H2SO4                                          (NH4)2SO4 
 
Instead of H2SO4, other acids such as H3PO4 or HCl 
can also be used. This process, however, also yields 
an ammonium loaded waste water stream that has to 
be treated in a subsequent waste water treatment 
plant.[14] 
 

2.2 Adsorption 
The change in concentration of a given substance at 
the interface as compared with the neighboring 
phases is referred to as adsorption. Depending on the 
type of phases in contact, we can consider this 
process in the following systems: liquid - gas, liquid -
liquid, solid-liquid and solid-gas. 
 
In adsorption operations, solids, usually in granular 
form, are brought in contact with gaseous or liquid 
mixtures. The solids must have the ability to 
preferentially concentrate or adsorb specific 
components from the mixture on their surfaces. This 
phenomenon is possible because the attractive forces 
that exist between the atoms, molecules, and ions 
holding the solids together are unsatisfied at the 
surface and are thus available for holding the 
components in the mixtures to be adsorbed. 
Consequently these components can be separated 
from each other and the carrier fluid.[8] 
 
The major development of adsorption processes on a 
large, industrial scale deals mainly with the solid - 
gas  and solid - liquid  interfaces, but in various 
laboratory separation techniques all types of 
interfaces are applied .[7] 
Adsorption is based on the capability of porous solids 
with large surface area such as silicon gel, activated 
carbon, etc., to selectively retain and release 
compounds on the surface of the solid. There are 
mainly two type of adsorption: 
• Chemical adsorption 
• Physical adsorption 
 
Physical adsorption is a low-temperature process 
similar to condensation whereas chemisorption is a 
process in which forces are very strong in the nature 
of an actual chemical bond and usually occurs at high 
temperatures.[7,8] 
 
In gas separation, physical adsorption is of primary  
importance. The adsorbate molecules diffuse from the 
gas phase across the boundary layer to the surface of 
the adsorbent where they are held by fairly weak van 
der Waals forces. Heat is liberated approximately 
equivalent to the heat required for condensation. At 
saturation, these two adsorption processes lead to a 
complete covering of the solid surface with the 
adsorbate substance. In physical adsorption more than 
a monomolecular layer can build up.[7] 
 
2.2.1 Factors Affecting Adsorption 
The most important factors affecting adsorption are: 
• Surface area of adsorbent 
• Particle size of adsorbent 
• Contact time or residence time 
• Solubility of solute (adsorbate) in liquid 
• Affinity of the solute for the adsorbent 
• Size of the molecule with respect to size of the 

pores 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009       Volume-5, Issue-3, Jul.-2017 
http://iraj.in 

Control Technologies for Ammonia Emission 
 

76 

• Degree of ionization of the adsorbate molecule 
• pH. The degree of ionization of a species is 

affected by the pH[8] 
 
2.2.2 Adsorbents for control of ammonia 
Several types of adsorbents have been investigated 
for ammonia adsorption such as 
porousadsorbents,porous materialsimpregnated with 
metallic nanoparticles.Three type of adsorbents have 
been used for the removalof gaseous ammonia. 
Thefirst type consists of porousadsorbents such as 
activated carbon, graphene, carbon 
nanotubes,biochar, zeolites, and aluminium 
oxides.[22,20,24]The second type includes porous 
materialsimpregnated with metallic nanoparticles. 
Deposited metallic ions are mainly in chloride form 
and include ZnCl2, CaCl2,MgCl2, FeCl2, and 
CuCl2.[25,21] The impregnated metalchlorides are 
usually in the nanometer range which provides 
highparticle dispersion for ammonia adsorption. The 
third type consists of pure nanoparticles in oxide 
phase (i.e. nanoparticles without any support). TiO2, 
MgO, and ZnO are among themetal oxide 
nanoparticles which have been used for the removal 
of ammonia.[26] Adsorptive characteristics of these 
nanoparticles such as surface area and surface acidity 
or basicity couldbe tailored to improve their 
effectiveness in the abatement oftarget gases. 
Compared with conventional sorbents such 
asactivated carbon, the unsupported nanoparticles 
also demonstratehigher durability during the high 
temperature adsorption-desorptioncycles. 
 
The locally available wood charcoal can be used for 
the production of activated carbon. By using only 
thermal treatment a high surface area and 
economically viable activated carbon can be 
produced. The adsorption of ammonia by activated 
carbon can be increase with the increase of contact 
time, amount of adsorbent. The maximum removal of 
ammonia is achieved with in contact time and by 
using optimum dose of absorbent. The adsorption of 
ammonia is particularly higher in charcoal fractions 
prepared at activation temperature of 200oC. 
Thermally activated charcoal had an excellent 
capacity of ammonia adsorption.[2] 
 
As activated carbons is emerging as the most 
effective solution because of its high surface area and 
low cost. The scientists are more focusing on 
modification of activated carbon with other species 
which increase ammonia adsorption. The 
modification of the original activated carbon with 
nitric acid, i.e. the incorporation of oxygen surface 
groups, highly improves the adsorption behavior at 
room temperature.[19] 
 
Activated carbon fiber composites (ACFCs) 
weredeveloped for removal of ammonia from air. 
Kynol based ACFsmodified by oxidation, and both 

original and oxidized ACFCspossess a large density 
of surface acidic functional groups and thushigh NH3 
adsorption capacity. High surface area >1000 m2/g 
observed in all ACFCs is essential to providing more 
accessiblesurface functional groups and consequently 
adsorption efficiency.Surface characterization 
showed that surface acidic oxygen groups,in 
particular carboxylic acid and/or anhydrides, play the 
key role inboth adsorption capacity and regeneration 
efficiency.[20] 
Among the evaluated particles like activated 
charcoal, MgO, ZnO, CuO, and TiO2 
nanoparticles,TiO2 was the best adsorbent for the 
removal of ammoniadue to its surface acidity and 
fairly large surface area. The study revealed that the 
adsorption capacity of TiO2decreased with the 
increase of the temperature, confirming 
theexothermic nature of ammonia adsorption on 
TiO2.[21] 
 
2.3 Thermal combustion 
Thermal combustion processreduce concentration of 
air pollutants emission from  a variety of industrial 
processes where The chemical oxidation reaction 
destroys the contaminants in the polluted exhaust gas 
before discharging it back into the atmosphere. 
 
Ammonia has promising features as a carbon-free 
fuel without greenhouse gas emission. However, due 
to its low combustion intensity, the combustion 
characteristics of ammonia have been rarely 
investigated. The design of ammonia based industrial 
applications requires the development of effective 
turbulent ammonia combustion models.[4]Selective 
non catalytic reduction  of nitrogen oxides with NH3 
for the purpose of NOx removal from exhaust gas, 
shown by the following reaction. It clarifies that  
NH3 contained in the gasified fuel could be reduced 
when a very small amount of O2 and NO coexist at  
temperature 6700c. 
 
NH3 + NO + 1/4O2 ⇔ N2 + 3/2H2O 
 
And the following effects on NH3 decomposition 
characteristics in gasified fuels were investigated 
through reaction kinetics, based on an elementary 
reaction model and experiments using a tubular flow 
reactor: (1) the effect of reaction temperature, (2) the 
effects of added O2 and NO concentrations, and (3) 
the effects of CO, H2 and CH4 constituents, which 
are combustible components in gasified fuel.[27] 
 
The another experiment was carried out by 
Hasegawa. In the integrated coal gasification 
combined-cycle power-generation (IGCC) systems 
where ammonia is passed through a gas turbine and 
the ammonia converts into the nitrogen oxides.In 
results it was found that: by decreasing total fixed 
nitrogen(TFN) up to 40% and by increasing the 
temperature range from 673k to 1273k than it  give 
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the result of minimizing the total concentration of 
NH3 effectively.Therefore, in IGCC system  
ammonia removal from coal-gasified fuel 
effectivelyreduces NOx emissions.[29] 
2.4 Catalytic processes 
Catalytic oxidation is used for increase the 
effectiveness of oxidation process using suitable 
catalyst which have potential to shorten the reaction 
times of oxidation.The catalysts used for ammonia 
decomposition can generally be divided into two 
groups: noble metal catalysts and transition metal 
catalysts. The noble metals used for ammonia 
decomposition catalysts include Ru, Irand Rh. 
Between these three catalysts Ru catalyst have  
greater efficiency toward the performanence. 
However, its application is limited some how because 
of the high cost. Transition metals Fe,Co, Ni, Mo are 
generally regarded as an alternative to noble metals in 
ammonia decomposition reaction .These catalysts   
increased catalytic activity  from0 to nearly 100% 
with the temperature range from 400 to650 ºC.[28] 
The selective catalytic oxidation of ammonia (NH3-
SCO) is used for solving problems of ammonia 
pollution. The overallby-product selectivity of the 
production of NOvaried from 0-4% and that of N2 
productionvaried from 19-85% at 20.0-98.0% 
NH3conversion, when a bimetallic 
CuO/CeO2nanoparticle catalyst was 
used.Researchers reviewed that the SCO process has 
thepotential to treat highly concentrated streamsof 
NH3, helping industrial plants to meetdischarge 
regulations.[22] 
 
2.5Biochemical process 
Biochemical process include scrubbing the ammonia 
by using suitable absorbing media.It is observed  that 
the microorganism with water shows better 
absorption efficiency compared to pure water as 
microorganism grew on the absorption column by  
increases the surface area.[14] 
The ammonia gas can be removed by biofilter using 
different filter mediaThe researchershave shown that 
the agricultural residues (manure fertilizer and 
bagasse) are suitable as biofilter media for ammonia 
gas removal in biofiltration process. 
The maximum efficiency of ammonia gas removal 
was observedas 89.93% withmanure 
fertilizerandbagasseratio as 1:5 when the moisture 
content of biofiltermedia was maintained at 45-60% 
using water.[18]One more researcher investigated a 
lab scale immobilized cell biofilter for Ammonia 
removal in continuous mode at different loading rate 
between 0.005 to 7.5 NH3 M-3h-1.Thebiofilter was 
packed with biomedia and  encapsulated by sodium 
alginate and polyvinyl alcohol.The results were 
checked forammonia (NH3) removal at different 
loading rates.The removal efficiency was nearly 
100% when ammonia loading was kept 4.5 g M-3h-

1.The maximum elimination capacity achieved in this 
study was 5.5 g NH3 M-3h-1 at a loading rate of 7.5 g 

M-3h-1.This result shows that the immobilized cell 
biofilter can also be consider as a Potential option for 
ammonia removal  under steady and transient state 
operation. [23] 
 
The study of ammonia  removal from air streams 
using water reflux system and zeolite as filter media 
was also carried out and it was observed that 
ammonia  is absorbed in a zeolite-based bio-filter by  
a combination of biological and chemical 
reactions.The nitrogen species remaining in the filter 
system are NH4

+,NO2
-,NO3

- and those escaping from 
the reactor in the form of gas NH3, N2O and NOx. In 
this biofilter, ammonium-oxidizing bacteria and 
nitrite-oxidizing bacteria were used to oxidize the 
ammonia from air streams and converts it to N2. 
NH4

++NO2
- ------>NH4NO2------>N2+2H2O 

In this study, the result of ammonia reduction from 
air stream was obtained 100%.[26] 
 
CONCLUSION 
 
Ammonia is major issues in livestock industries, 
agriculture & pharmaceutical industry .The best way 
to achieve good air quality is to reduce pollutant 
emissions like NH3, CO2etc by changing to fuels and 
processes that are less polluting   or to reduce 
pollutant emission by using certain control 
technology for specific pollutant. In control 
technologies for ammonia, it includes adsorption, 
absorption,   biochemical   process etc. 
 
Adsorption techniques is sorption processes in which 
certain adsorbents are selectively transferred from the 
fluid phase to the surface of insoluble, rigid particles 
suspended in a vessel or packed in a column. This 
adsorption system like fixed bed are simple 
equipment & inexpensive to fabricate but bed 
performance will become inferior and product purity 
may become poorer if the bed cannot be kept cool 
near the exit end. Adsorption is always an exothermic 
process and desorption can therefore be effected by 
raising the temperature of the adsorbent. 
 
A wet scrubber is the generic name of a control 
device that uses the process of absorption to separate 
the pollutant from a gas stream. The principle 
advantages of a wet scrubber for gaseous organic 
pollution control are low capital and installation costs 
and simplicity of design. The principle drawback to 
using a wet scrubber for organic pollutant removal is 
the transference of an air pollution control problem to 
a water (liquid) pollution control problem. But most 
industries are prefer wet scrubber because of low 
capital cost & low installation cost. 
Absorption techniques will be effective & economical 
technique so most industries are prefer wet scrubber 
for control of ammonia. 
Wet scrubbers showed average removal efficiencies 
of 91% to 99%. Process control with pH 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009       Volume-5, Issue-3, Jul.-2017 
http://iraj.in 

Control Technologies for Ammonia Emission 
 

78 

measurement and automatic water discharge appeared 
to be sufficient to guarantee sufficient NH3 
removal.Most industries have preferred wet scrubber 
because of low capital cost & low installation cost. 
Absorption techniques will be effective & economical 
technique. wet scrubber for control of ammonia. We 
have to use appropriate scrubbing liquid to control 
ammonia emission efficiently.   Water, water with 
microorganism, H2SO4& NaOH are scrubbing liquid 
used for control of ammonia emission. Water with 
microorganism shows good efficiency as compare to 
pure water. In the adsorption, TiO2 is the best 
absorbent because of its surface acidity and fairly 
large surface area. 
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